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Foreword 

This manual provides design information for highway storm water pumping 
stations. Pumping stations are necessary where gravity drainage flow is 
impossible or uneconomic . The manual should be of interest to hydraulic, 
construction, and maintenance engineers . 

State highway agencies, and the Los Angeles County Flood Control District, 
provided valuable data for this manual and cooperated in on-site field 
reviews. The Hydraulic Institute, numerous manufacturers of pumps and 
pumping equipment, and several experts in the design of stations also 
provide data and assistance in this study. The assistance of al l parties 
who contributed to this manual is sincerely appreciated . 

Additional copies of the manual can be purchased from the Superintendent 
of Documents, U.S. Government Printing Office, Washington, D.C . 20402. 

- eq~ 
R. J . Betsold 
Director, Office of Implementation 

~lot ice 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange . The United States 
Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the authors who are 
responsible for the facts and the accuracy of the data presented herein. 
The contents do not necessarily reflect the official policy of the 
Department of Transportation. 

This report does not constitute a standard or regulation . 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturers ' names appear herein only because they are considered 
essential to the object of this document. 

For sale by the Super intendent of Document ij, U.S. Government P rlnUng Otfl<:e 
Washington, D.C. 20402 
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CHAPTER 1. INTRODUCTION 

1-A. GENERAL OUTLINE 

Stormwater pumping stations are located throughout the highway 
systems of the nation. They are necessary where gravity drainage 
flow is impossible or uneconomic. There are approximately 
300 stations throughout California freeways, about 65 serving the 
Los Angeles area. The Detroit freeways have about 100 stations 
while the Houston system has only 15. The required number of 
stations depends more on highway design than climatic factors. 

Most pumping stations in service throughout the country are 
unobtrusive and reliable, primarily because they are well-designed 
and equipped. However, malfunctions do occur, in some cases 
due to unsuitable design. Retrofitting should be considered in 
these cases. 

This Manual provides guidelines, criteria and specifications 
intended to improve understanding of a subject which is made more 
complex by the mulitiple choices usually apparent for each element 
of design. Some choices will be found more suitable and effective 
than others. Each of the various types of station described in 
this Manual is usually adaptable to whatever size station is 
required. Refer to Chapter 2. - Review of Current Practice. 

Stormwater pumping stations for highway facilities are usually of 
relatively small discharge capacity (less than 100 cubic feet per 
second) . This is predominantly due to small size catchments 
tributary to each station. Stations of greater capacity (300 cubic 
feet per second or more) are sometimes required, and occasionally, 
even a larger station. Discharge heads may vary from about 10 to 
60 feet. 

In the use of this Manual, it is assumed that a design inflow 
hydrograph is available or can be determined from other sources. 
Some pump stations have minimum upstream storage, resulting in 
pumps sized to handle large inflows. This is usually not 
desirable. Pumping requirements and the mechanical and electrical 
installation can often be reduced by constructing a large upstream 
storage capacity below the highway pavement or in an open forebay. 
Refer to Chapter 4. - Collection Systems. 

In addition to handling stormwater, some pump stations will be 
required to pump groundwater containing heavy concentrations of 
sand or silt. Provisions are often made to remove heavy concen­
trations of contaminants before being pumped. Care may also be 
necessary to avoid contaminating receiving waters. Settling 
basins for suspended solids and separators for hydrocarbons may 
be required downstream from the pump station. 

In private installations, both electric motor and engine-driven 
pumps may be exposed to the weather, but under public highway 
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conditions a protective structure is generally desirable. The 
structure will enhance the aesthetics and provide protection 
against vandalism and the weather. 

Most stormwater pumping stations in highway service are elec­
'trically powered, with service from a utility company. Protection 
from a power outage can be provided by dual feeders to the station 
from two separate electrical sources, or by an emergency generator 
(gasoline or diesel) which starts automatically in the event of 
loss of utility power. Alternately natural gas or diesel engines 
may be used in combination with electric motors to drive individual 
pumps. With the latter system, each pump may be driven by either 
its electric motor or its engine. 

Another alternative is to drive the pumps by natural gas engines 
with piped gas supply, and also to provide on-site LPG storage to 
be available in case of interruption of service. Propane is the 
usual LPG (liquefied petroleum gas). Regardless of which combina­
tion is used, most stations have dual or emergency power sources 
to ensure reliability. If a single source is to be used, very high 
reliability is provided by engine-driven pumps with either piped 
gas or on-site LPG storage only. 

All stations are designed to operate automatically. Rising water 
in the storage or wet-well causes engines or motors to start and 
drive the pumps without any personnel being involved. As the 
water level ~s lowered, pumps will also stop automatically. 

Stormwater pumping stations are frequently of the wet-pit type, 
where the pumping equipment is either suspended into the storm­
water or completely submerged. Alternately, stations may be of 
the dry-pit type where the pumping equipment is housed in a dry 
chamber beside the wet-well containing the stormwater. The wet­
pit is the more common. 

Different types of stations are described in general terms in 
Chapter 2. - Review of Current Practice, so that the designer will 
be able to identify the alternatives. The actual selection of a 
type of station and equipment which appears to be best suited to 
any given situation is covered in more detail in Chapter 5. -
Selection of Type of Station and Equipment. Later chapters cover 
pumps, motors, engines, electrical systems and construction in 
greater detail, while Appendixes cover specifications and other 
specialized subjects. 

1-B. DATA COLLECTION FOR THE MANUAL 

Many State highway agencies throughout the nation have made valu­
able contributions to this Manual. Additionally, on-site field 
reviews were made in four large urban areas with different climatic 
conditions to assess design criteria and operation and maintenance 
practices. The four areas were: Los Angeles, California, which 
has long dry periods which create long inactive periods; Detroit, 
Michigan, which has periods of extreme cold; Houston, Texas, which 
has frequent and torrential rains; and Phoenix, Arizona, which 
has an unusually dry, hot climate. 
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Each of the four State highway agencies responsible for the 
areas named has successfully developed standardization of design 
and effective operating and maintenance procedures; however, 
their designs are markedly different for a number of reasons. 
Other factors besides climate appear to have a stronger 
influence. The different designs are: 

(a} Michigan (Detroit}: Complete dependence is placed on 
electrical power for multiple vertical pumps in a wet­
pit type station. The pumps are set in a circular 
structure (caisson) which is sunk into the side slope 
of the depressed section. Soils are favorable for 
this type of construction. 

(b} California (Los Angeles) : Stations are the dry-pit 
type with emphasis on storage upstream, which mini­
mizes mechanical and electrical requirements. Com­
plete dependence is placed on electrical power, but 
mobile emergency generators are strategically located 
so that they can be moved to any station where a 
power outage occurs. 

(c) Texas (Houston): A wet-pit caisson-type station is 
used because of soil conditions. The structure 
houses two vertical pumps only, with combination 
electric or natural gas engine drive. Station capac­
ities have been standardized in increments of 
4,000 gpm, while the dual power source protects 
against electrical power outage caused by thunder­
storms. 

(d) Arizona (Phoenix): A rectangular or circular wet-pit 
structure is used with two or more vertical pumps. 
Natural gas engines are used, usually fueled by LPG 
stored at the station. This solution is highly 
reliable in thunderstorm areas, since it is not 
vulnerable to power outages. 

The Michigan and California types of station can maintain the 
inside temperature above freezing better than the Texas and 
Arizona types, because they are easier to insulate and heat. 
The latter types require more wall openings, louvers and ducts 
to serve engine requirements; however, there does not appear to 
be any reason for climate alone to disqualify any of the various 
designs from use in any other area, if proper construction 
features are included. 

The Los Angeles County Flood Control District also provided a 
valuable d~ta base. The District operates about 30 stations, 
some.of ~hich are com~letely electric, while others depend on a 
c~mbi~at~on of electri~ motors and natural gas engines. The 
District s newest stations depend principally on natural gas 
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engines for pumping major flows, with electric power for low 
flows only, to reduce electrical stand-by charges. 
Appendix E. - Energy Economics, discusses this subject in some 
detail. 

The Hydraulic Institute, the manufacturers of pumps and pumping 
equipment, and various experts in the design of stations were 
valuable sources of data in the preparation of this Manual. 

This Manual contains illustrations of eight different types of 
stations. In addition to photographs of actual construction, 
various figures have been prepared by simplifying engineering 
drawings. The benefits of advancing pump technology are explained. 

1-C. SELECTION OF TYPE OF STATION AND EQUIPMENT 

One question frequently asked is what type of station is best 
suited to a particular set of conditions. The answer is that 
there are various types of stations and equipment that will suit 
any given site and set of conditions. The problem is to select 
one of the several designs that is most suitable to meet the 
criteria established, while avoiding those that are less suitable. 

A matrix has been developed displaying the various types of 
stations with their alternates and sub-alternates. This com­
pares each type with the requirements of the site, as well as 
operating and maintenance functions. A careful and logical 
comparison of detailed functions and operating conditions 
with the capabilities of the various station combinations is 
essential for a satisfactory selection of station type. 

1-D. PLANS AND SPECIFICATIONS 

It emphasized that there is usually some considerable com-
plexity in plans and specifications for a pumping station, due 
to the various engineering disciplines involved. These range 
from soils and foundation engineering, through civil, hydraulic, 
structural, electrical and mechanical aspects, as well as archi­
tectural and building construction input. Considerations also 
include operational safety and compiance with current OSHA 
requirements. Construction features should follow all a~p~ica­
ble building codes and in many cases State standard specifica­
tions for highway and bridge construction will be found suitable 
to cover much of the general construction included in a pumping 
station. Data and details illustrated in this Manual may be 
used or adapted, and Appendix D. - Specifications, ~s.int~nded 
as a guide both for the adaptation of standard specifications 
and for specifying mechanical and electrical work. 
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1-E. OPERATION AND MAINTENANCE 

Because adequate maintenance is essential, it is discussed in 
Appendix G. - Maintenance Management, particularly in regard to 
the effect that design features have on maintenance. Design 
should facilitate and reduce the cost of operation and maintenance 
without adding unduly to construction costs, and should minimize 
possibilities of malfunctions and stations becoming inoperable. 
Good hydraulic conditions and good provisions for removal of 
trash and silt are most important. 

Guide material on telemetering is also included in the text; this 
can be used to provide supervisory control of stations from a 
central point. However, highway patrol officers can observe alarm 
signal lights on stations and this is of ten considered to be a 
sufficient warning system to protect against flooding should a 
malfunction occur. 

I-F. CONSTRUCTION COSTS 

Information on construction costs of pump stations has also been 
included in Appendix C. - Construction Costs. This information 
is based on actual bid data for a project in the Los Angeles 
area, where prices as bid were accepted and a contract was 
awarded in January 1978. Later data from the same locality 
is also included. The user must adjust the information as 
necessary by using professional judgement or available construction 
cost indexes. 

I-G. METRIC CONVERSION 

The text in this Manual has been written entirely in conven­
tional United States units -- feet, inches, gallons, etc. These 
units are still the accepted standard in all U.S. manufacturers' 
literature. 

The table of conversion factors permits conversion from U.S. or 
imperial units to metric or vice versa. 

For example: 

3.281 ft. = 
1 ft. 

1 meter 
0.3048 meters 

For brevity and convenience, these are combined in the table as: 

3.281 ft. 1 m 0.3048 

1-5 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



Unit 

Length 

Area 

Volume 

Capacity 

Velocity 

Mass 

Mass/unit 
area 

Rate of flow 
or discharge 

Density 
Pressure or 
stress 
Power or 
Energy 
Temperature 

Metric Conversion Factors 

U.S. 

0.6214 miles 
3.281 ft. 
1.094 yds. 
0.03937 in. 

2 10.764 ft. 
1.196 yd.2 
0.3861 sq. mi. 
2.471 acres 

35.315 ft.3 
1.308 yd.3 

0.220 Imperial Gallons 
0.2642 U.S. Gallons 

3.281 ft./sec. 
196.8 ft./min. 

0.9842 ton 
2.205 lb. 
0.0353 oz. 

0.0014 lb/in.2 

15.85 US gal/min. 
35.31 cusec. 
4.414 US gal/min. 
264.20 US gal/day 

0.06243 lb. ft.3 
0.145 x lo-31b./in.2 

1.341 hp 

1.8 deg. F 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 

1 
1 

1 
1 

1 
1 
1 

1 

1 
1 
1 
1 

1 
1 

1 

1 

'* * * * * * * * * * * * 

1-6 

Metric 

km 1.609 
m 0.3048 
m 0.9144 
mm 25.40 

m20.09290 
m20.8361 
km22.590 
ha 0.4047 

m30.02832 
m3o.7646 

litres 4.546 
litres 3.785 

m/sec. 0.3048 
m/sec. 0.0051 

tonne 1.016 
kg 0.4536 
g 28.3495 

kg/m2703 

litres/sec. 0.0757 
cumec 0.0283 
m3/h 0.272 
m3/day 0.0045 

kg/m316.02 
N/m26894.76 

kW 0.7457 

deg. C 0.555 
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CHAPTER 2. REVIEW OF CURRENT PRACTICE 

2-A. GENERAL 

This section provides an overview of a wide range of pumping 
stations, pointing out the principal features of each design 
but leaving more detail to be presented in later sections. 

Construction contract drawings have been reproduced in simpli­
fied form to illustrate the main design features. Photographs 
of actual stations are included whenever possible. Readers not 
familiar with pump terminology may wish to review Chapter 8. -
Pumping and Discharge Systems, and Chapter 9. - Pumps for 
Stormwater Applications, before reading this section. 

2-B. DRY-PIT EXAMPLE 
(Horizontal centrifugal pumps with electric motors, based 
on criteria developed by the State of California) 

To drain a typical depressed highway section, a large collecting 
chamber or storage box is constructed beneath the pavement 
adjacent to the station. Water enters the storage box through 
gratings in the median or shoulder. Storage can be augmented 
if necessary by longitudinal drain lines. The storage box 
forms the wet-well and incorporates a sand trap at the low end. 

A vertical dry-well, approximately square in plan, is set in 
the side slope of the highway section. Two or three horizontal 
non-clog centrifugal pumps in the dry-well take suction from 
the wet-well through connecting piping. Discharge piping runs 
vertically up the inside of the dry-well, then horizontally to 
a receiving channel. (Figures 2-1, 2-3 and 2-7) 

This design maximizes storage and minimizes pumping capacity, 
with a typical station having 5000-8000 gpm (11-18 cfs) dis­
charge. Operating head is typically about 35 feet. (Figure 2-2) 

Pumps are electrically-powered. A trailer-mounted diesel 
emergency generator can be moved to any station which has lost 
electrical power. In some instances, the emergency generator is 
garaged in the station superstructure. (Figure 2-4) 

The use of horizontal centrifugal pumps in a dry-pit has been 
adopt~d in preference to prior use of vertical pumps in a wet-pit. 
Adoption of the storage box feature preceded the change in type 
of pumps. 
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ROOF ACCESS COVER 

i 
FLAP VALVE ) 

OUTFALL LINE 

LANDING 

PUMP PIT I0'-9">e 13'-9" 

INSIDE , ON PLAN. -----

EL. -3.83 
------+----14+-

ELECTRICAL PANEL ON WALL 

PUMP HOUSE 

-DISCHARGE PIPE 

._..-.---SUMP PUMP 
DISCHARGE 

EXPANSION COUPLING 

:.'··4 . ._:_· ·-·...:.· ----------~.;;,....;...:.....;.i SUMP PUMP ·•.:·.::... 
CHECK STORAGE BOX AND 

CLEAN-OUT SUMP 

FIGURE 2-1. DRY-PIT PUMP STATION 
DIMENSIONS AND ELEVATIONS SHOWN ARE FOR A PARTICULAR CASE 
AND MAY BE '\ARIED TO SUIT. 

TWO OR THREE MOTORS AND PUMPS MAY BE INSTALLED. 

FORCED VENTILATION OF PIT IS PROVIDED, WITH FOUR AIR 
CHANGES PER HOUR WHEN OCCUPIED, PRECEDED BY TEN MINUTES 
FREE PURGE BEFORE ENTERING, TO MEET O.S.H.A. REQUIREMENTS. 

SUMP PUMP IS SIZED TO HANDLE ONLY THE MINOR FLOWS RESULTING 
FROM PUMP PACKING-GLAND LEAKAGE, DISMANTLING OF PIPING DURING 
MAINTENANCE OR UNPLANNED SEEPAGE INTO THE STATION. 
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()I 

DRAIN INLET 

INLET 
PIPE 

'b _, 
Cl> 

ROAD PAVEMENT 

STORAGE BOX -

92'-311 

DRAIN INLET 
AND ACCESS 

PUMPHOUSE· 

EL 30.50 

SUCTION LINE 

J 
:.::' 
a 

,.~1 , .. , .. 

l 

,,.-~--
/ I 

PUMP AND MOTOR 
LOCATION 

EL.-3.83 

DIMENSIONS ANO ELEVATIONS SHOWN ARE FOR A PARTICULAR CASE AND MAY BE VARIED TO SUIT. 

SECT10N THROUGH STORAGE BOX AND DRY-PIT PUMP STAT10N 
F1GURE 2-2. 
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INLET PIPE~ 

''I ----------- r~fffff "' INLETSMED;A_N_. ·----

I 1. ' 'i I I ~ 

!: '1 li 1' :1 i1 
'1 'I 'i 11 11 
'1 II '1 11 1

1 
Ii 11 1, I I 

STORAGE BOX ~I '1 '1 '1 ,1 

II 11 1, 1110• 11 
·co II 1~1 
'It' I] 11 

' 11 llTYP. II ROADWAY -11 '1 '1 11 Ii PAVEMENT 
11 '1 '1 11 11 
h :1 11 Ii h 11 

II !I 11 II 
h i: " II !I ;1 ,1 ,. 
II I 11 I' 

DRAIN INLET AND ACCESS ---.IL 

LINES 

PUMP HOUSE DIKE 

1,11~ 

==.::~ I TRANSFORMER PAD 

j 

RIGHT-OF-WAY 
c._-------

lOUTFA~ ~I~ /"EASEMENT 

F 
---o--~ POWER POLE 

FIGURE 2-3. ...;_P-=LA;......:..:N_;__O.;;....:_F_...;;;;.D_RY_-_;_P __ IT;...__;;_P...;:;..;UM;..;;..;..;P___..;;;.S---TA--T ___ IO;;....;_N...;._ 
WITH STORAGE BOX 

FIGURES 2-1 THROUGH 2-4 HAVE BEEN REPRODUCED FROM 
DRAWINGS FURNISHED BY THE STATE OF CALIFORNIA. 
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TO ORY 
WELL 

fl'---+-™"--- 4'xl5' FLOOR COVERING 
NON- CONDUCTIVE 
RUBBER MAT 

I._ __ GRATING ANO 

MOBILE ENG. I 
GENERATOR 1 

MANHOLE FOR 
EQUIPMENT 
INSTALLATION 

·~-DOUBLE DOORS 

AIR DUCT :v-+-coNTROL CABLE lo' L • 
Ji )t RECEPTACLE NO. I 

~.:;..:.o.-..;.......,=========-===========~ PLAN SHOWING GENERATOR 

~;.:• .;· ... 
VENTILATOR 
IN WALL 

. .. . . . 
I -~· 
I, 
11 

~--MOBILE ENGINE 11 

GENERATOR 11 

01111111111110 1' 
11 
ii 
ii 

"b JI 
.. ti 

II 
~ .. , 

.,.........~ ____ __,_ ____ _..._.....__.._,. ·.: .. 
DRY-WELL WITH THREE (3) 
HORIZONTAL CENTIFUGAL PUMPSj 

f ,-

AND ELECTRICAL SWITCHGEAR 

ELECTRICAL SWITCHGEAR 
ON WOOD PANEL BOARD 

ELEVATION OF SWITCHGEAR 

1-20 HP a 2-60 HP PUMPS 

EMERGENCY GENERATOR 
GARAGED 

FIGURE 2-4. DRY-PIT PUMP STATION 
SUPERSTRUCTURE INCORPORATING EMERGENCY GENERATOR 
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2-C. DRY-PIT EXAMPLE 
(Vertical centrifugal angle-flow pumps with electric 
motors 1 based on data submitted by the State of Ohio) 

For this particular example, pumping capacity totalling 277 cfs 
is provided by four main pumps, each of 67 cfs capacity and 
one low-flow pump of 9 cfs capacity. The operating head is 
55 feet, which is a much greater head than normally encountered 
in highway stormwater pumping applications. 

All five pumps are housed in the lower part of the dry-pit. The 
pump room floor is 25 feet below the motor-room floor which is 
at grade. The low-flow pump is set about five feet lower than 
the main pumps. The vertical motors for all pumps are set above 
the motor room floor and connected by vertical shafting to the 
pumps. Stormwater enters the wet-well through a grit chamber 
and trash screen. Due to the discharge piping arrangement, with 
all pumps discharging into a common manifold, a check valve must 
be provided on the discharge side of each pump to prevent back­
f low through the pump into the wetwell when the pump is not 
operating. In this case the check feature is provided by a pump 
control valve. Each pump starts against a closed control valve 
which then opens slowly to allow discharge into the manifold 
without causing surge or water-hammer. The control valve closes 
slowly before the pump is stopped, protecting the discharge 
system. Shut-off (butterfly) valves are provided on each side 
of each pump so that the pump or control valve can be dismantled 
or removed for maintenance without water entering the dry-well. 

Motors for the main pumps were specified to be a minimum of 
450 horsepower and the power supply is at 2,400 volts. Total 
connected load approximates 2,000 horsepower. 

Due to the depth of the structure, massive concrete walls are 
necessary for this type of station; the underside of the wet­
well is 38 feet below the motor-room floor at grade. The motor 
room is 44 feet by 29 feet on plan, with walls 17 feet high. 
An overhead crane is provided. (Figures 2-5 and 2-6) 

A simpler manifolding is used in one of the wet-pit type sta­
tions where small submersible pumps are used (Figure 2-26). 
Other illustrations of manifolds occur in Chapter 6. - Wet-Pit 
Design; and in Section 8. - Pumping and Discharge Sys~ems. The 
expense of manifolds and valving should be compared with the 
cost of using multiple discharge lines, one for each pump .. 
Alternately, there may be economy in the simplicity of pumping 
the water to the top of a vertical standpipe open to the atmos­
phere so that gravity head will cause flow in the discharge line. 
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FIGURE 2-5. SECTION THROUGH DRY - PIT PUMP STATION 
DATA FURNISHED BY STATE OF OHIO FOR STATION AT COLUMBUS 
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• 

FIGURE 2-7. DRY-PIT PUMP STATION, 
I-50 AT 45TH STREET, SACRAMENTO, CALIFORN IA 

(To Criteria established by State of California) 

FIGURE 2-8. WET-PIT PUMP STATION, CAISSON TYPE, 
SOUTHFIELD FREEWAY AT ROTUNDA DRIVE, DEARBORN, MICHIGAN 

(To Criteria established by State of Michigan) 
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2-D. WET-PIT EXAMPLE 
(Circular caisson, multiple vertical pumps with electric 
motors, based on criteria developed by the State of 
Michigan) 

In the typical case, storm drain lines lead to a concrete 
caisson-type pit structure, circular in plan, which is set in 
the side slope of the depressed highway section. The method of 
construction is to pour the circular exterior wall of the pit 
structure in successive lifts, excavating inside so that the 
caisson sinks gradually to its desired elevation. Internal 
concrete work is then completed. 

Three to five vertical pumps are set in a circular pattern 
concentric with the structure. Pumps may be of propeller or 
mixed flow type according to discharge head, with capacity 
depending upon inflow. All pumps are normally of the same 
capacity and head. Ample submergence of pumps is maintained in 
the stormwater at the bottom of the pit. The pit is not pumped 
dry during normal operation. All pumps are powered by electric 
motors with dual service, in some cases from two different 
utility companies. In two special cases, the same configuration 
is used for a larger station for airport drainage, and for a 
very large (350 cfs) station draining several miles of depressed 
freeway. (See Figures 2-8, 2-9 and 2-10 for the usual size of 
station, Figures 2-11 through 2-14 for the large stations.) 

2-E. WET-PIT EXAMPLE 
(Circular caisson, two vertical pumps with combination 
drive - electric motors and engines, based on criteria 
developed by the State of Texas) 

Downstream of conventional tributary drain lines, a circular 
concrete caisson-type substructure is used as the wet-pit with 
two vertical pumps of the same capacity set approximately on 
the diameter. The inlet to the station includes a baffle 
which causes the flow to bifurcate, and each pump sits in a 
separate chamber with ample submergence. Each pump has an 
electric motor with combination gear drive and naturai~gas 
engine. This permits either the motor or the engine to be used 
to drive the pump at any time. An effective standardization has 
been achieved by limiting station designs to increments of 
4 I 0 0 0 gpm ( 8 • 9 2 Cf S ) o 

A rectangular concrete superstructure is off set from the caisson 
sub-structure to house the equipment while providing proper 
minimum clearance. Roof hatches are provided for removal of 
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FIGURE 2-9. INTERIOR OF STATION SHOWN IN FIGURE . 2-8 
Showing three 20 h.p. motors driving vertical 

pumps with above-floor discharge 

FIGURE 2-10. SAME STATION AS FIGURE 2- 8 
Showing inlet and trash racks. Note concrete pillar 
at right which causes inflow to bifurcate and flow 

around periphery of caisson towards pumps 
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FIGURE 2-11. SECTION THROUGH CIRCULAR 
WET-PIT TYPE PUMP STATION 
DIMENSIONS AND ELEVATIONS SHOWN ARE FOR A 
PARTICULAR CASE AND MAY BE VARIED TO SUIT. 

WAYNE COUNTY AIRPORT, DETROIT, MICHIGAN 
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I . 

-, 

ROOM FLOOR PLAN 

RAKE ROOM FLOOR PLAN 

DISCHARGE LINE 
lTYP) 

FIGURE 2-12. LARGE WET- PIT TYPE 
PUMP STATION - PLANS 

FIGURES 2-11 THROUGH 2-13 ARE FROM DATA FURNISHED 
BY STATE OF MIGHIGAN FOR STATION AT WAYNE COUNTY 
AIRPORT, DETROIT. 
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FIGURE 2-14. LARGE WET-PIT STATION (350 CFS), 
I-696, DETROIT, MICHIGAN 

Generally similar to the Wayne County Airport Station 
but a large separation structure is immediately downstream. 
Electrical equipment is illustrated in Chapters 10 and 12. 

FIGURE 2-15. SMALL WET-PIT PUMP STATION, US 59, TEXAS 
Equipped with two pumps with combination electric 

motor and gas-engine drive. 
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motors, gears and pumps, while low-headroom hoisting equipment 
is provided for trash removal and engine maintenance. 
(Figures 2-15, 2-16, and 2-17) · 

2-F. WET-PTT EXAMPLE 
(Rectangular pit with inlet transition, multiple vertical 
pumps with electric motors or engines, based on criteria 
developed by the Los Angeles County Flood Control 
District) 

The rectangular wet pit receives inflow from the inlet drain 
line through a transition structure, designed to reduce veloc­
ities and turbulence and provide an even flow of water to the 
pumps. The wet pit, transition and pump spacing are carefully 
proportioned in accordance with the Hydraulics Institute recom­
mendations. The pit is of minimum depth to reduce construction 
cost. Vertical pumps, usually of two or more sizes, are set 
close to the back wall of the wet pit with the minimum submer­
gence for satisfactory operation. Suction umbrellas on the pump 
bells reduce the submergence requirement. 

Pumps are all driven by electric motors in some stations; how­
ever, a combination of natural-gas engines and electric motors 
is preferred, with major dependence being placed on the engines. 
LPG stand-by is provided in the latter case. Some stations have 
one or two of their pumps powered by a combination electric 
motor and engine drive. 

Operating criteria call for stations to be pumped dry between 
storms utilizing a separate electrically-powered submersible 
sump-pump. Mud and debris, which settles out of the inflow due 
to reduction in velocity, is periodically removed by maintenance 
forces. 

Discharge heads of various stations differ considerably; 
propeller-type pumps are provided for low heads, while mixed­
flow pumps are required for higher heads. Outline drawings of 
a small electrically powered station with low discharge head are 
shown in Figures 2-18 and 2-19. A special feature of this sta­
tion is its low profile (less than 5 feet) above the sidewalk 
for aesthetic reasons, and discharge into adjacent tidewater in 
a residential district. Comprehensive calculations and detailed 
drawings for a natural-gas engine powered station of higher. 
capacity and discharge head are given in Chapter 15. - Station 
Design Calculations and Layouts. 
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2-G. WET-PIT EXAMPLES 
(Circular pit, two or three vertical pumps with engines, 
based on criteria developed by the State of Arizona) 

A circular pit or caisson is constructed adjacent to the free­
way, usually on the far side of an access ramp or frontage road 
and near a surface street overpass. The motor room floor is 
at the level of the surface street and thus twenty feet or more 
above the freeway pavement. Normally, two vertical pumps of the 
same capacity are suspended into the pit. Each pump has a 
natural-gas engine driving it through a right-angle gear drive. 
In larger stations, three engine-driven pumps, all of the 
same capacity, are used. When the discharge line is of con­
siderable length, the discharge of each individual pump has 
been combined through a manifold into a single line. 
Electric-motor driven pumps are not used, but a small sub­
mersible electric pump is utilized for low flows and draining 
the pump pit. 

A rectangular concrete block building houses the engines and 
gear drives to the pumps. It is not considered necessary to 
include overhead cranes or lifting devices of any sort in 
the station structures: therefore the size of the building can 
be reduced. A supply of propane is stored in a nearby enclosure, 
making the station self-sufficient. Where stations are 
constructed in open-cut excavations, rectangular pit construction 
can be substituted for caisson construction. (Figures 2-20 
to 2-23, in Chapter 3, Figures 3-7 and 3-8, and in Chapter 6, 
Figure 6-7.) 

2-H. WET-PIT EXAMPLE 

(Rectangular structure, two or more screw-type pumps, 
with electric motors, based on contract documents 
submitted by the State of Connecticut) 

Two or more screw-type pumps are mounted in a simple sloping 
concrete structure which receives inflow from tributary drain 
lines through a trash rack. The pumps are powered by electric 
motors with a diesel engine emergency generator for backup. 

The screw-type pump is suitable for stormwater applications, 
although its use has not been extensive. The operation of the 
screw is not influenced by the height of water in the sump, 
and it cannot be clogged by debris. The screw operates at 
relatively good efficiency, but the head is limited by the 
permissible length of screw between bearings. Screws are manu­
factured in a range of diameters from 12" to 108" and can be 
installed in parallel to meet flow conditions. (Figures 2-24 
and 2-25.) 
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AT ALMA SCHOOL ROAD, TEMPE, AZ. 
(FROM CRITERIA DEVELOPED BY THE STATE OF ARIZONA) 
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FIGURE 2-21. PUMP STATION, TEMPE, AZ. 
SEE FIGURES 2-20, 2-22 AND 2-23. 
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FIGURE 2-25. SCREW-PUMP TYPE OF WET-PIT PUMP STATION 
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2-J. WET-PIT EXAMPLES 
(Circular caisson or rectangular pit with two or more 
submersible pumps, based on data submitted by the 
States of Kentucky, Florida and Michigan, and by pump 
manufacturers) 

Submersible pumps suitable for stormwater pumping usually con­
sist of an electric motor with vertical shaft which is mounted 
above and directly coupled to a centrifugal pump. The pump 
construction is the non-clog type which will readily pass small 
solids and debris. The combined pump and motor are set at or 
near the bottom of the wet-pit, and operate completely submerged 
until the motor becomes exposed to atmosphere as the pit is 
emptied. In a typical application, two to five submersible 
pumps are set in a circular concrete caisson or rectangular 
concrete wet-well. A minimum superstructure is provided to 
house electrical switchgear and controls. Pumps can be raised 
out of the water for inspection or maintenance. 

New, larger submersible pumps with capacities of 15,000 gpm 
(33.5 cfs) or more have recently become available. These can 
readily operate at the heads usually encountered in stormwater 
pumping. Therefore this type of station is an interesting and 
potentially low-cost alternate. An emergency generator or dual 
service can be utilized, also a spare pump may be held available 
for replacement where justifiable. 

Figures 2-26 and 2-27 illustrate a small station with two small 
pumps for low flows and two larger pumps set at higher elevation 
to handle flows of maximum design quantity. Figure 2-28 shows 
a deep caisson-type wet-pit in the State of Michigan, with five 
pumps of equal capacity. In this case, the pumps are set at 
different elevations, the two at the lower elevation to handle 
low flows without the upper level pumps becoming submerged. 
Since all pumps are identical, they can be interchanged to 
equalize usage. 

Figure 2-29 shows the use of horizontal propeller-type sub­
mersible pumps. The details shown are adapted from manuf~c­
turers' literature and do not illustrate actual construction. 
Each unit may be flange bolted to the discharge line or may be 
provided with lifting chain and guide rails with boltless 
connecting flange. The discharge line can be sloped up as 
necessary to meet the required outlet elevation. The propeller 
blades are adjustable to meet discharge head requirements, and 
the pump is provided with an intake hood covering the upper 
half of the periphery, to reduce turbulence and provide low 
water pump-down. The horizontal submersible pump has not been 
widely used, but there is an installation at San Jacinto 
Battleground State Park, Texas. 

* * * * * * * * * * * * 
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CHAPTER 3. SITE CONSIDERATIONS 

3-A. GENERAL 

Stormwater drains to the low point of the highway but it is 
generally not desirable that the pumping station itself be at 
the same depressed location. If so, it would usually be very 
vulnerable to be flooded in the case of malfunction. The sta­
tion should be at a higher elevation, with inlet from the 
collecting point. This can result in the station being even 
outside a frontage road as in the Arizona examples, Figures 2-20 
through 2-23. The California and Michigan examples, Figures 2-7 
and 2-8, show the station between the freeway pavement and the 
frontage road. Figure 2-15 shows a pumping station in Texas set 
at natural grade at the top of a cut slope. The relationship 
with the highway cannot be seen in the photograph, but the 
station serves to drain a short length of highway where it is 
depressed to pass under a local road. An interchange occurs at 
this point and access to the station is readily provided from 
one of the ramps with ample space for mobile equipment. There 
is no possibility for the station itself to be flooded. 

Many times a station can be located between the highway and a 
parallel service or frontage road, near an overpass. Figure 2-8 
shows a well-planned siting of this type. The vehicles of the 
inspecting party are parked in the maintenance area provided, 
clear of frontage road traffic. Electrical service to the 
station is underground with the meter section clearly exposed 
and visible. Adequate safety considerations have been observed. 

At locations where the highway or urban street was depressed to 
pass under railroad tracks, it was earlier practice to construct· 
a pumping station at the low point, sometimes in the bridge 
abutment. This should be avoided due to design problems, high 
construction costs, flood vulnerability and possibly inadequate 
personnel safety. Only if there is no other possible alterna­
tive should a pump station be so located. 

Figures 3-1 and 3-2 show a California retrofit to overcome 
earlier siting deficiencies, where a wet-pit station with unsafe 
access, inadequate storage and unsatisfactory pumps was recon­
structed with a new dry-pit alongside. The former wet-pit 
became a wet-well now serving as storage-box. Access is now 
provided at railroad level with ample area for equipment. The 
side slopes of the depressed highway section were lined with 
gunite to eliminate erosion problems. Figure 3-3 shows a wet-pit 
station in California with minimal but adequate access. 
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FIGURE 3-1. DRY-PIT PUMP STATION AT RAILROAD UNDERPASS 
(To criteria established by State of Cal ifornia) 

FIGURE 3-2. SAME STATION AS FIGURE 3-1 
Relationship of wet-well to dry-pit, access to station and 

electrical service underground to meter box can all be observed. 
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In the case of small stations with submersible pumps, the wet­
well can reasonably be at the low point, provided the electrical 
control panel is located on higher ground. See Figures 2-26 
and 2-27. Inlet gratings can be as observed in Figure 3-1. 

In summary, it is essential that siting of any station be 
planned so that adequate access is possible at all times for safe 
operating, maintenance and emergency functions. Proper provision 
for dependable energy supply is essential, including site storage 
of LPG where needed. Visual aesthetics, sound attenuation and 
the provision of water and sewer service must all receive proper 
consideration, although none of the latter may be of sufficient 
significance to merit added expenditures for siting the station 
in other than its best location hydraulically. Foundation in­
vestigations are essential at any specific site which is under 
consideration, but may be anticipated to rarely result in rejec­
tion of a site as unsuitable. Surface effects on the pump sta­
tion influent such as soil erosion, or hazardous or contaminated 
run-off must not be overlooked. Also, and increasingly, the 
control of stormwater pumping station effluent both as regards 
rate of discharge and water quality will need to be addressed. 

3-B. ACCESS AND EMERGENCY EQUIPMENT PROVISIONS 

Good access with off-street parking has been provided in most 
preceding examples (Figures 2-8, 2-15 and 2-20 through 2-23). 
However, in many cases there is neither service road nor over­
crossing immediately adjacent to the station. This occurs 
where the station is of necessity at or near a low point, while 
planning did not or could not include service road access. Prior 
design in Arizona placed stations in the depressed highway sec­
tion, but with adequate pull-off or parking areas. Traffic 
growth required extra lanes or merging capability which was made 
at the expense of original station access and safety features. 
In one instance, a subsequent retrofitting was done in a double­
deck configuration after malfunction and flooding. See 
Figure 3-4. 

It is essential that a suitable pull-off and parking area for 
several vehicles be provided, with adequate width to ensure 
safety of maintenance personnel. It is also highly desirable 
that it be possible to erect warning markers or barricades with­
out obstructing traffic lanes, and that enough space be allowed 
for the operation of a crane for equipment removal, or for an 
emergency generator and its towing vehicle. 

3-C. ENERGY SUPPLY 

Most stor~w~ter pumping stations have electrical supply from a 
public utility company, with this being the primary source of 
power. Underground service is preferred for safety and 
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FIGURE 3-3. WET PIT STATION I N CALIFORNIA 
Minimal access from surf ace street over 
gravelled driveway through ground cover 

FIGURE 3-4. POORLY SITED STATION IN ARIZONA 
Original construction was adjacent to freeway p avement at low 

point. Subsequent retro-fit provided access from frontage road 
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aesthetics, but in most cases the utility company can at best 
only provide service from high voltage lines on adjacent poles, 
thence underground to the station. Sometimes the service is 
overhead to the station, with hazard to crane service for hand­
ling equipment. Overhead service should be avoided if possible. 

When engines are used, natural gas is normally piped underground 
to the station by a public utility, but such service is usually 
available only in urban areas. On-site LPG storage is readily 
re-supplied by normal distribution channels, but proper access 
for supply vehicles must be maintained with all locations of 
storage above the flood hazard. 

Many states now have energy-conservation standards which apply 
to building construction. The total influence of these on any 
proposed pump station construction should not be overlooked. 
The dry-pit or caisson largely below grade are energy-conserving 
solutions. 

3-D. AESTHETICS AND SECURITY 

Prevailing opinion requires that publicly-constructed facilities 
be pleasing to the eye and that no noise or gaseous emissions 
are observed or perceived at any time from them. Sound abate­
ment is of increasing concern. If a station is near a residen­
tial area, the use of residential-type mufflers for engines and 
the enclosure of all motors or engines and driving equipment in 
a masonry or concrete structure is desirable. 

Concealment of equipment such as LPG tanks is also of importance. 
Compare Figures 2-20 through 2-23 and Figures 3-4 through 3-8. 
These show a significant improvement in siting factors which has 
been evolved in Arizona. 

3-E. WATER SUPPLY AND SEWER SERVICE 

Water supply to any pump station is a great convenience almost 
a necessity. Potable water is usually available and sh~uld be 
provi~ed through an appropriate backflow prevention device. A 
very important reason for providing water supply is care and 
proper operation o~ pumping equipment. Pumps, designed to han­
dle. and pass a fluid, must not be subjected to an excess of 
solids su~h as mud, grit and debris which may have accumulated 
upstream in a wet-well, storage box or the like. There must 
always be a sufficiently fluid flow, and an injection of fresh 
water.at adequate p:es~ure is often needed to ensure this, by 
flushing mud and grit into an acceptable fluid condition before 
the pumps start. Suitable time delays and solenoid valves in 
the starting circuitry allow this to be done. 
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FIGURE 3-5. OLDER STATION WITH POOR SITING 
Access is poor and exposed LPG tank is undesirable 

FIGURE 3-6. NEW STATION HAS GOOD ACCESS 
Appearance of station and equipment are not attractive 
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Another benefit is that a piped water supply enables the entire 
wet well or storage box to be washed down periodically as a main­
tenance function and all mud, grit and silt removed. Many sta­
tions are so close to the highway and so vulnerable to airborne 
dirt and dust that they become and remain extremely dirty unless 
periodically cleaned up. Water supply provides the ability to 
wash down and maintain the station and its surroundings clean. 
It also allows for irrigation of landscaping. 

Toilet provisions for personnel are not usually provided. How­
ever, such facilities are easily installed where necessary with 
sewage disposal to holding tank, septic tank or sewer system, 
according to which is available and meets local requirements. 

3-F. FOUNDATION INVESTIGATIONS 

Soil borings should be made during the siting phase so that an 
accurate picture of the sub-surface soil conditions can be 
obtained. Adequate soil borings will provide the designer with 
the allowable bearing capacity of the soil and identify any 
potential problems. Seismic resistance considerations must not 
be overlooked in those areas where applicable. Some soils are 
more favorable than others for caisson construction; other sites 
may require foundation piling for bearing, or to resist uplift 
due to hydrostatic pressure. 

3-G. LANDSCAPING AND ACCESS TO STORMWATER INLETS 

Landscaping should be limited to ground cover, as seen in 
Figures 4-2 and 4-3, and small shrubs or bushes. Vegetation 
must not be allowed to overgrow doors, stairways, ventilators 
and the like. Trees, which interfere with crane service, should 
be avoided. Where the station is located in or at the top of a 
cut slope, as in Figure 3-3, it is desirable that a concrete 
stairway lead from the station to the nearest inlet grating in 
the shoulder of the highway. The stairway may be omitted where 
the ground cover is limited to grass which is cut short, or to 
isolated clumps of vegetation in arid areas. Access down steep 
gunited sloping surfaces should be avoided unless a stairway is 
provided. Maintenance personnel should be required to keep all 
gratings free of debris which would prevent flow of stormwater 
into storage box or pump station. Lack of easy access should 
not be permitted to discourage this work. 

* * * * * * * * * * * * 
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FIGURE 3-7. ARIZONA STATION TO CURRENT STANDARDS 
Note good access and enclosure of LPG storage 

FIGURE 3-8. SIMILAR TYPE OF STATION AS ABOVE 
Note excellent appearance and access , and 

relations hip to depressed freeway 
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CHAPTER 4. COLLECTION SYSTEMS 

4-A. GENERAL 

Highway stormwater runoff is conveyed to the pumping station by 
a collection system consisting of ditches, gutters, inlets, 
channels and conduits. These elements have been discussed in 
Hydraulic Engineering Circular No. 12, Drainage of Highway 
Pavements; ASCE Manual No. 37, Design and Construction of 
Sanitary and Storm Sewers; and the FHWA Implementation Division 
Manual, FHWA-TS-79-22S, Design of Urban Highway Drainage - The 
State of the Art. 

It is beyond the scope of this Manual to discuss the collection 
system design, except to evaluate the storage in the system and 
its effect on the design of the station, and to draw attention 
to details of construction such as storage-boxes and their in­
let gratings. Current practice includes an increasing trend 
to use storage to limit the rate of stormwater discharge, 
gravity or pumped, to levels compatible with watershed manage­
ment plans. 

The inflow hydrograph is the basis for the hydraulic design of 
a pump station. By the criteria set forth for this Manual, the 
inflow hydrograph is assumed to be known. It will be provided 
to the pump station designer by others. Where rates of dis­
charge are to be limited, an outflow hydrograph is also required 
and must be provided. Under all conditions, the relative 
quantity of storage provided and the rate of pumping necessary 
are closely related and are an important interface between the 
hydraulic engineer and the pump station designer. 

4-B. HYDROGRAPHS 

Figure 4-1 shows the inflow hydrograph for a given set of 
conditions, and the relationship between storage and pumping 
capacity. It was developed by the Los Angeles County Flood 
Control District for a large retention basin, or forebay, using 
the District's SO-year design storm. This is a four-day storm 
with the maximum rainfall quantities occurring on the fourth day. 
This design storm hydrograph is for Walteria Lake, which was 
specially excavated to receive inflow from a considerable area. 
It has a design storm peak inflow of 3,000 cfs and a storage 
capacity of l,OS7 acre-ft. (344 million gallons). A pump 
station with four main pumps, each of SS cfs capacity, is used 
to drain the basin. After a SO-year design storm, nearly sixty 
hours of continuous pumping would be required to empty the 
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basin. This example is introductory rather than being typical 
of highway conditions. Later examples in this Chapter are more 
representative. 

Figure 4-1 also gives a representation of optimizing pumping 
cost and storage cost. It is usually desirable to thoroughly 
study the costs of storage, pumping equipment, pump station 
construction, operation and maintenance in order to balance the 
most economical design with allowable discharge requirements. 

Other inflow hydrographs for different conditions will be found 
to have different shapes, peaking sooner and with less pro­
nounced maximum inflow than the Walteria Lake example. Pumping 
rate or outflow is plotted on the inf low hydrograph and the 
excess of the curve above the pumping rate represents the 
necessary storage. The excess area is usually cross-hatched so 
as to be properly identified. 

To analyze the effects of storage on reducing the peak pumping 
rates, an inflow hydrograph must be developed for the contrib­
uting watershed. The routing procedures require that a cumu­
lative runoff vs. time relationship be developed. Hydrology 
methods that only provide the peak flow rate are not adequate. 

Inflow hydrographs can be developed using the unit hydrograph, 
Soil Conservation Service, or volume of runoff methods. It is 
beyond the scope of this Manual to discuss these methods. For 
the purpose of this Manual, the inflow hydrograph will be 
assumed. 

4-C. DEBRIS AND HAZARDOUS SPILLS 

Stormwater flushes slopes and pavements before entering the 
collection system. Therefore all types of debris will reach 
the pumping station, carried by mud-laden water. It is impor­
tant that the pumps be protected by screens to prevent passage 
of the larger pieces of debris while permitting passage of the 
smaller ones. Screens may be in the form of gratings at the 
surface of pavement or gutters, or may be trash racks inside 
the station. Reduction of velocity in a storage box or large 
pump pit will result in the benefit of suspended solids which pass 
the screens being deposited upstream of the pumps. 

The possibility of hazardous spills is always present under 
highway conditions. In particular, this has reference to 
gasoline, and the vulnerability of pump stations and pumping 
equipment to fire damage. There is a history of such incidents 
having occurred and also of spills of oil, corrosive chemicals, 
pesticides and the like having been flushed into stations, with 
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undesirable results. The usual design practice has been to 
provide a closed conduit system leading directly from the high­
way to the pump station without any open forebay to intercept 
hazardous fluids, or vent off volatile gases. With a closed 
system, there must be a gas-tight seal between the pump pit and 
the motor room in the pump station. Preferably, the pump 
station should be isolated from the main collection system and 
the effect of haz.ardous spills by a properly designed storage 
facility upstream of the station. This may be an open forebay 
or a closed box below the highway pavement or adjacent to it. 
The closed box must be ventilated by sufficient grating area at 
each end. 

4-D COLLECTION LINES 

Collection lines will be laid out to alignments, elevations and 
slopes to suit the highway. Stormwater flows into these channels 
or conduits which usually become progressively of larger capacity 
as they approach the pump station. The collector lines should 
preferably terminate at a forebay or storage box. However, they 
may discharge directly into the station. Under the latter condi­
tion, the capacity of the collectors and the storage within them 
is critical to providing adequate cycling time for the pumps 
and must be carefully calculated. Cycling is the starting and 
stopping of pumps, the frequency of which must be limited to 
prevent damage and possible malfunction. Depending on the relative 
elevations of the drain lines and the pumping levels, some of the 
storage may not be usable. Computations for the determination 
of storage in collection systems are given in Figures 4-5 through 
4-9, which are examples taken from actual stations. 

As stated in Section 4-A, the collection system design will not 
be discussed in detail, but a point that needs attention is 
whether the inlet line to the station is required to flow under 
pressure, due to the hydraulic gradient established. Figure 4-7 
shows the use of rubber-gasketted reinforced concrete pipe due to 
the pressure head involved. Conditions in the other examples did 
not require the use of pressure pipe and reinforced concrete pipe 
with mortar joints was used. Sometimes an unconventional 
collection system alignment with manholes may be necessary, as 
shown in Figure 4-8. The Manning formula with n = .013 is 
generally used for computing flows or sizing lines. 

If a wet-pit station with vertical pumps is being designed, changes 
in the collection system generally have less effect on the caisson­
type than on the rectangular-pit type. This is because the 
generally deeper setting of the pumps in the caisson-type and the 
lower pump starting level in relation to the inlet of the 
collection line should result in a greater proportion of the 
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storage in the collection lines being usable. Cycling require­
ments are then more easily satisfied. Caissons are usually more 
.economically constructed to greater depths than the rectangular­
pi t type can be. 

Where the rectangular-pit type of station (Figures 2-18 and 2-19) 
is being designed, with minimum pump-pit depth and minimum 
requirements for pump submergence, there is usually a significant 
element of unusable storage in the collection lines, and any 
change in the grade, elevations or sizes of the collection 
lines must be carefully related back to the pump station design. 
This is to ensure that usable storage is sufficient to satisfy 
pump cycling requirements. The required submergence is the 
depth below the water surface to which the bottom of the pump 
must be immersed in order to function properly Requirements are 
given in Chapter 6. - Wet Pit Design. 

In a wet-pit station where submersible or screw-type pumps are 
proposed, consideration of storage in the collection lines 
may be less critical, due to the less stringent submergence 
requirements of these alternate types of pumps. Also, sub­
mersible pumps can withstand more frequent cycling. There 
would probably be less unusable storage, but the Manual does not 
provide any examples of computations of storage which are 
specifically applicable to submersible or screw-type pumps only. 
It is believed that these can readily be developed from the text 
and examples provided. 

Where substantial storage in relation to the inflow is to be 
provided, either in the case of an open forebay (Walteria Lake, 
Figure 4-1) or a storage box (dry-pit station, Figures 2-2 and 
2-3), the effect of changes in the collection system will be 
much less. Storage boxes can be used equally well with wet-pit 
stations, although none has been illustrated. 

The storage in sloping circular lines can be calculated by 
recognizing the water forms an ungula, which is part of a cylin­
der cut off by a plane oblique to the base. The method of com­
puting the ungula volume is shown in Figure 4-5. Alternately, 
the prismoidal formula can be used. The stored volume is the 
length of pipe multiplied by the base area and adjusted by 
factors. A table for determining the area of the cross section 
of a circular conduit flowing part full is reproduced from 
Handbook of Hydraulics by King & Brater, and is included as part 
of Figure 4-5. 

4-E. GRATINGS 

Under highway conditions, the gratings which are set in or near 
the gutter flow line also serve to prevent entry of gross trash 
and debris into the underground collection lines, or into storage 
boxes. They perform a useful pre-screening function. 
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Main bars of the gratings must be deep enough to have the 
strength to carry traffic wheel loads and the clear spacing 
between bars must be minimized, so that only minor trash will be 
carried through the gratings. Gross debris and trash retained 
on the gratings must not be allowed to block passage of storm­
water. Periodic removal is a necessary maintenance function. 
Gratings in the gutter flow line with a collector pipe below are 
shown in Figure 4-2. 

A typical access grating to a storage box is illustrated by 
Figure 4-3 and a design detail is shown in Figure 4-4. Access 
gratings are best located in the shoulder above the gutter flow 
line. Gratings are also essential for the storage box ventila­
tion. 

It will be noted that there is actually no bar-screen inside the 
box. Bar-screens or trash racks are essential in wet-pit pump 
stations without any other upstream screening. 

4-F. STORAGE BOX FEATURES 

The storage box is illustrated in Chapter 2. - Review of Current 
Practice as a component of the dry-pit station, where it also 
serves as the wet-well. However, the concept is equally applic­
able to the wet-pit station where it will also serve for fire­
protection and as a sand trap. The box derives its name from its 
similarity to a multiple-barrel box culvert and is usually con­
structed in this way. Large-diameter concrete pipe would appear 
to be equally suitable, manifolded as necessary with poured con­
crete interconnecting laterals. 

Single or multiple boxes or pipes are placed parallel to or 
transversely under the highway at the low point of the collec­
tion system and depressed area. The boxes are sized to store as 
much of the peak flow volume from the design storm as is econo­
mically feasible. An advantage of the storage boxes is the pro­
vision of a safety factor in respect to power outages. The 
storage box can be designed to contain the inflow of design 
storms to a point below allowable high water level, until pump 
operation can be restored. Also, as described, hazardous high­
way spills can be contained in the storage box and its sand trap 
until pumped out. The pump station would not be contaminated or 
damaged. In the event of a gasoline fire in the storage box, 
some spalling of the roof concrete might occur, but with the 
accessibility provided, the damaged area can be readily shored 
up if necessary and then repaired. 

Since the velocity of flow will be reduced in the storage box, 
sand, silt and debris will tend to settle out; the storage box 
should be designed to facilitate removal of this material. 
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Pumps should be designed to pass solids and sediment in the event 
that these materials are not removed in the wet-well. 

Storage boxes are sloped, with a cleanout box or sand trap at 
the low point. Access is through gratings of ample size set in 
the shoulder and median as illustrated in Figures 2-2 and 4-3. 
Through ventilation is provided and the combination of features 
acts together to facilitate maintenance. When a storage box 
or structure is constructed adjacent to the pump station, the 
slope of the box can be neglected and the volume can be computed 
as a rectangle with depth according to the hydraulic gradient. 

The construction cost of a storage box of any size can be 
readily estimated and this can then be evaluated against the 
reduced costs of pumping and electrical equipment. 

4-G. STORAGE AND PUMP CYCLING 

An important initial evaluation in pump station design is how 
much total storage capacity can or should be provided. Using the 
hydrograph, various levels of pump capacity can be tried and the 
corresponding required total storage can be determined. The 
basic principle is that the volume of water as represented by 
the shaded area of the hydrograph in Figure 4-1 is beyond the 
capacity of the pumps and must be stored. If a large part or 
most of the design storm is allowed to collect in a storage 
facility, a much smaller pump station can be utilized, with 
anticipated cost benefit. If the discharge rate is to be limited, 
ample storage is essential. 

To provide ample storage in the simplest form, the channels or 
conduits draining the highway could discharge into a large open 
basin or forebay similar to Walteria Lake, which would store a 
substantial quantity of water upstream of the pump station. 
The latter would operate as necessary to empty the forebay. 
Under highway conditions, the ability to provide an area 
sufficient for a forebay may be infrequent. Also, an open 
forebay may not be compatible with highway operating require­
ments. Any forebay design, including earthwork and gunite 
lining or other erosion control, should be regarded as part of 
the pump station design. A rectangular pump pit with trash­
rack forming its upstream side could be set at the low end of 
the forebay. Alternately, a screened inlet line could lead to 
a caisson-type station or a dry-pit station. 

The preceding paragraphs apply clearly to both wet-pit and dry-pit 
stations. Most of the following text applies primarily to the 
use of vertical pumps in wet-pit stations, but the principles 
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FIGURE 4-2. GRATINGS IN GUTTER FLOW-LINE 

FIGURE 4-3. ACCESS GRATING TO STORAGE BOX 
Note location in shoulder and relationship to 

gutter flow-line 
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ANCHOR. 8 REQUIRED f GRATING S ANCHOR. TYPICAL 
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l·I 

i-L.: ... ,_...._,_ 
./..,_ 

.. _ ... ----... -..... _,_ ... -..... .... -.. - ... - .. - I- ACCESS ---- PANEL -
4" 5;, II 5/ 8 " CJ cRoss x 16 WELDED TYPE --- ----- - --BEARING BA' 

BARS-... STEEL GRATING 

... 
)~ 

... - - --- -- ..... -- _,_ l•I 

, --- - ...... _,__,_ 

I 

' 
. '" 

I 

10'-o" -
CLEAR OPENING 

FIGURE 4-4. TYPICAL DETAIL OF GRATING FOR STORAGE- BOX 
PROVIDES VENTILATION AND ACCESS FOR CLEAN-OUT 

SASED ON DATA FURNISHED BY THE STATE OF CALIFORNIA. 
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set forth will be found to be generally applicable to other types 
of pump and also for dry-pit stations. If any inconsistency exists 
it should be borne in mind that the major reference is to vertical 
pumps in wet-pit stations. 

The inlet lines and the pump pit itself will always provide 
some storage, but it may be minimal, requiring sufficient pumping 
capacity to be installed to handle peak flows. This results in 
equipment which may be over-sized for its normal function and 
may be required to operate for short periods only. Rapid 
cycling, which is frequent starting and stopping of pumps, may 
occur. This is harmful and undesirable due to the possibility 
of electric motors overheating and becoming damaged. Cycling 
time is always a necessary design consideration. 

It is important at this point to make a distinction between the 
total storage capacity of the collection system and pump pit 
and the usable storage capacity applicable to considerations 
of pump cycling. The total storage in the system will be the 
water volume below the hydraulic gradient, which is set as 
described in Section 4-H. Under correct hydraulic conditions, 
the usable storage capacity will be the water volume in the 
system corresponding to the pumping range of the first pump to 
operate, that is the difference in elevation between start and 
stop of the first pump. Also, when the inflow to the storage is 
half of the pump capacity the pump will cycle at the fastest rate. 

The objective is that usable storage capacity and an inflow equal 
to half the first pump capacity should result in a satisfactory 
cycling period. Computation of usable storage capacity in the 
inlet line depends on hydraulic conditions in the line, which 
again determine the hydraulically correct pumping range of the 
first pump. See Section 4-I. for a more detailed explanation. 
If the pump start and stop are too closely spaced without reference 
to hydraulic conditions, then usable storage will be minimized, 
cycling time will be decreased and will probably be too short a 
period. 

Depending on the hydraulic gradient, the design water level and 
the staging (vertical start-stop intervals) of the other pumps, 
it may be possible to raise the level of the first pump start and 
so increase the usable storage. Lowering the first pump stop 
below its correct hydraulic level is not effective. This only 
causes the pump to pump down the pump pit where storage volume 
is minimal and the time added to the cycle will be very little. 

To increase usable storage and lengthen the cycling time, the 
physical volume of the inlet line construction may be increased. 
However, it is generally much more practical for the pump station 
designer to reduce the size of the first pump to start, so as to 
make the pump compatible with available storage. Figures 4-8 
and 4-9, and Chapter 15 - Station Design Calculations and 
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Layouts show an example of the latter procedure. It is not 
unusual to use one or two smaller pumps to start first, followed 
by larger pumps to handle the total Q. The percentage of Q that the 
small pumps should handle can also be related to the shape charac­
teristics of the hydrograph. If the Walteria hydrograph shape 
is applied to a storage situation, it will be seen that two pumps 
which could handle thirty per cent of the peak would be suitable. 
For a four-pump station, 15%, 35%, 35%, 15% would be a good 
selection of pump capacities. An alternate would be to have 
one pump of 15% and divide the remaining 85% equally between 
three large pumps. The all-electric station shown in Figures 2-18 
and 2-19 has three pumps of 24%, 52% and 24% peak capacity. 
What this means is that to suit the Los Angeles County Flood 
Control District hydrograph, rectangular wet-pit stations where 
pump pit depth is minimized and storage is minimal require one 
or more pumps with a capacity of 15% to 25% of peak flow to 
meet cycling criteria. Under highway drainage conditions where 
the shape of the hydrograph is flatter, it is more usual to use 
two or more pumps of the same capacity. 

Rapid cycling is primarily due to lack of usable storage and can 
be damaging to electric motors. However, regardless of pumping 
considerations both the total and the usable storage may have 
to be limited for other overriding reasons. Limitation of usable 
storage is not so significant where engine-driven pumps are 
concerned, but as with an automobile, frequent starts can drain 
batteries and cause malfunctions. 

4-H. HYDRAULIC GRADIENT AND DESIGN WATER LEVEL 

After a quantitative relationship between the total storage and 
the pumping capacity has been established, it is necessary to 
tentatively determine several other factors, always with the 
possibility that any one or more of all the conditions may prove 
unsuitable and need adjustment as the design is refined. A 
number of trials may be necessary to get all the factors into 
proper balance. 

The first necessity is to establish the hydraulic gradient from 
the highway pavement to the pump station. The highest permissible 
water level at the downstream inlet from the pavement or gutter 
should be set two or three feet below the finished pavement 
surface. The lower the elevation the more conservative the design. 
Depending on the inflow to the station, there will be some head 
loss in the line from the inlet grating to the pump pit. See 
Figure 4-7, where at Design Q the head loss will create the 
hydraulic gradient as shown. The elevation of the hydraulic 
gradient at the station is the permissible high water level. The 
Design water level for which the pumps are to be selected may be 
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considered at or as much as several feet below the hydraulic 
gradient at the pump station. To consider it below would again 
be conservative, because as a general principle with any given 
pump the higher the water level in relation to the discharge line 

. from the station, the greater will be the volume pumped. Setting 
the design level below the hydraulic gradient creates a reserve 
of extra capacity. Reference to the pump performance curves 
in Chapter 9.- Pumps for Stormwater Applications, will clarify 
the foregoing statements. 

The selection of pumps for the station should provide for all 
pumps (except the sump pump) to be operating together at the 
design water level to deliver the design discharge Q. The 
type of station with dimensions and elevations, the number and 
size of all pumps, the inlet line size, and the pumping level 
for the first pump to start all need to be tentatively set. 
From this information it is possible to determine the usable 
storage and from it the cycling time of the first pump. The 
staging or vertical distance between starting of the first, 
second and other pumps (usually one to three feet) can then be 
determined so that all pumps are running before inflow has 
risen to the design water level. 

4-I. PUMP CYCLING CALCULATIONS 

For a given pump with a capacity Qp, cycling will be a maximum 
(least time between starts) when the inflow Qi to the usable 
storage is one-half the pump capcity. The proof is as follows: 

t = Time to Empty + Time to Fill usable storage volume V 

t = v + v When Qi = ~ cubic feet/sec. t = 4V 
Qp - Q· Q. 2 Qp 

l l 

since t is minutes t = 4V = v in 
60 Qp lSQp 

Refer to Figures 4-6 and 4-7. 

The usable storage volume depends on the pumping range 6h, 
which is the vertical height between pump start and pump stop 
elevations. It is therefore necessary to provide enough pumping 
range at the critical inflow rate Oi to limit c~cling to . 
acceptable minimum time periods based on electric motor size. 
In general the larger the motor the la:ger is ~he starting 
current required, the larger the damaging heating effect, and 
the greater the cycling time required. Refer to Chapter 10 -
Electric Motors for Stormwater Pumps. 
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. 
' 

REFER TO FIGURES 2-11 THROUGH 2-13 

CALCULATE THE AMOUNT OF STORAGE IN THE 96" DIAMETER INLET LINE OF 
A PUMP STATION IF THE SLOPE OF THE LINE IS EQUAL TO 0.001, THE 
INVERT AT THE STATION IS EL. 595.0, THE OPERATING WATER LEVEL (PUMP START) 
IS EL. 601.00, AND THE PUMP DIAMETER IS 36 FT.. ADD FOR STORAGE 
IN THE PUMP PIT ABOVE INLET LINE INVERT. 

WATER LEVEL (PUMP START) 

SEE SECTION 4·D FOR 
DESCRIPTION OF UNGULA. 

A_j 
SECTION A-A 

(BASE) 

H(~ a3 ± cB) 
UNGULA VOLUME V,= r :1: c {

IF BASE IS GREATER THAN A SEMICIRCLE, USE +SIGN 
IF BASE IS LESS THAN A SEMICIRCLE, USE SIGN 

WHERE: H= LENGTH OF UNGULA, FT 
r =RADIUS OF BASE, FT. 
B=AREA OF BASE, FT2 

KING a BRATER TABLE 7- 4, FOR DETERMINING AREA B OF THE 
A CIRCULAR CONDUIT FLOWING PART FULL, MAY BE USED. 

CROSS SECTION OF 

LET PEPTH OF WATER ,. Q 
DIAM. OF CHANNEL d AND Ca " THE TABULATED VALUE 

2 
THEN B= Cad 

.R. .00 .01 .02 
d ------
.0 .0000 .0013 .0037 

.I .0409 .0470 .0534 

.2 .1118 .1199 .1281 

.3 .1982 .2074 .2167 

.4 .2934 .3032 .3130 

.5 .393 .403 .413 

.6 .492 .502 .512 
.7 .587 .596 .605 
.8 .674 .681 .689 
.9 .745 .750 .756 

r = ~ =% =4 FT. 
c=D·r =6-4=2FT. 
a=~= 42_ 22 =3.46 

.03 .04 .05 .06 .07 .08 
------
.0069 .0105 .0147 .0192 .0242 .0294 
.0600 .0668 .0739 .0811 .0885 .0961 
.1365 .1449 .1535 .1623 .1711 .1800 
.2260 .2355 .2450 .2546 .2642 .2739 
.3229 .3328 .3428 .3527 .3627 .3727 

.423 .433 .443 453 462 472 
.521 .531 .540 .550 559 569 
.614 .623 .632 .640 .649 .657 
.697 .704 .712 .719 .725 .732 
.761 .766 .771 .775 .779 .782 

"d = .75 

c~: g:~i~(8)2 = 40.46FT 2 

.09 

.0350 
.1039 
.1890 
.2836 
38?7 

482 
578 
.666 
.738 
.784 

H= sooo! 6~ 6000 FT. V= 6000 (~ (3.46)
1 
+2(40.46)] = 108,540 CU. FT. 

4+2 

ADD STORAGE IN PUMP PIT 

TOTAL STORAGE 

'If x 18.0
2 

x 6.0 = 6107 CU. FT. 

= 114647 CU. FT. 

FIGURE 4-5 STORAGE IN UNGULA 

4-13 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



FIGURE 4-5 IS INTRODUCTORY ONL't ADDITIONAL CONSIDERATIONS ARE REQUIRED TO 
DETERMINE THE USEABLE STORAGE AND PUMP CYCLING TIME. REFERENCE TO FIGURES 
2·11 THROUGH 2-13 SHOWS A MAXIMUM INLET FLOW OF 268 CFS, HANDLED BY FOUR 
PUMPS WHICH ARE IDENTICAL. EACH PUMP HAS A Q OF 67 CFS AT DESIGN WATER LEVEL. 
AT THE LOWER LEVEL WHERE CYCLING IS A CONSIDERATION, THE Qp WILL BE LESS. 
Qp IS APPROXIMATED AS 53 CFS FOR THIS EXAMPLE AND CYCLING TIME IS COMPUTED 

ACCORDINGLY AFTER CALCULATING USABLE STORAGE. THIS IS DEFINED AS THE VOLUME 
OF .WATER ABOVE THE DEPTH OF FLOW FOR AN INFLOW Qf • Q"'

2 
• 

01•Q~ •..Y.•26.5CFS d•8 s•.OOI n•.013 

FROM KING a BRATER, TABLE 7-14, TO FIND DEPTH OF WATER D IN CONDUIT 
RUNNtlG PART FULL, 

~ •.200 

.!t •. 20! 
d 

K'•.0406} 
K'•.0448 

42 4255 
406 

195 

K'= .04255 INTERPOLATING USE ~•.2005 

D • .2005 X 8 • 1.604 USE 1.60 FT. 

6000' 

i--_,_16,,_,,_,0._' _________ 4.,_40....,,0'-' _______ ...,. PUMP START 

EL.601.0 

6h. 
, 4.40 

_t.60 

FROM FIGURE 4-5, TOTAL UNGULA v3 = V + V1 + V2 = 108,540 CU. FT.=V 

SMALL UNGULA V1_ 

-r-C:,\ 
~0 

~· ~ •. 20 Ca ~.1118 B =.1118(8) • 7.155 r =4 c • 2.40 

a •J42- 2.42 • 3.2 v1.•1600 [-1'(3.2>3 -2.4oc1.1551L 4613.v, 
4· 2.40 

.70481Tr2+(2.4x 3.2) +B = 11 r2 

B • .2951611'r2-7.68 • 7.156 7.156x 4400 • 31489 • V2 

USABLE STORAGE V , V=V3-V1 -Vz • 108540-4673-31489 • 72378 76857 
ADD STORAGE IN PUMP PIT 11"><t82x4.40 •4479, 72378+4479 •76857, CYCLING TIME• 15x53.5" 97.5MIN. 

SINCE THE MOTOR SIZE WOULD NOT NEED TO BE GREATER THAN 400HP THE CYCLING TIME 
IS WELL IN EXCESS OF THE 20 MINUTES REQUIRED. THE PUMPING RANGE 6h HAS BEEN TAKEN 
AS llENTICAL TO HYDRAULIC CONDITIONS BUT OBVIOUSLY IT WOULD BE POSSIBLE TO SET A 
LOWER PUMP STARTING LEVEL AND REDUCE 6h AND THE USABLE STORAGE, WHILE STILL 
MEETING CYCLING REQUIREMENTS. ALTERNATELY THE PUMP START LEVEL COOLD BE RETAINED 
AT EL. 601.0 AND THE STOP LEVEL COULD BE RAISED. IN THIS EXAMPLE USABLE STORAGE IS 
WELL IN EXCESS a: REQUIREMENTS. 

FIGURE 4-6 USABLE STORAGE AND PUMP CYCLING 
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.. 

PUMP HOUSE 

,,,.--FINISHED GRADE 

r---______ __, ~------ --
GRATING 
EL.1192.0 

"--EXISTING GROUND SURFACE 

SLOPE 

EL. 1188.70 

_,.,.-HYDRAULIC GRADIENT _____ .L__ ________ _ 

S= 0.0233 

INV. EL. 1180.00 
INLET LINE 
215 L.F. 60"DIAM. 

RC. PRESSURE PIPE. INV. EL. 1175.00 

.I= 15+215 = 230 FT. h ~ 
DESIGN Q IS GIVEN AS 94 C.F.S. S "7 = 230 " .OOl3 

FROM KING 6 BRATER. TABLE 6-2, USING n" .013 SIZE OF LINE• 60" (BY INTERPOLATION) 
OR FROM 6•14, SUBSTITUTING, Q = ~d113sliz a 93.9 O.K. USE 94 C.F.S. 
PUMP NO.I START EL.= 1178.0 PUMPnNO.I STOP EL.= 1175.5 AH= 2.5 FT.(SEE TABLE) 
PUMP DESIGN Q = 47 C.F.S. (21,100 GPM). USE DESIGN WATER LEVEL= 1186.0lt 
DESIGN T. D.H. = 1203.63 - 1186.0 + LOSSES, SAY 2.37 FT. = 20.0 FT:* 
SELECT 30LS MIXED FLOW !f' 82 % EFF AT DESIGN POINT. 
Q AT EL. 1175.5 ( T. D.H. • 30.0 FT.) • 16,400 GPM (36.5 CFS)* 84 % EFF. 

APPROX. 

B• 12.3 FT.2 LARGE UNGULA ; Q. ,.A_ • 6 
V3 d 5 . 

SEE .·. · ~ C• D-flt 3-2.5 = .5 a =Jr2-c2 = J2.52-.52 = 2.45 
FIGURE 4-5 oT"""". i'· 

~- H= Jo28.75)2 - 32 = 129.11 

*ASSUMED FOR 
FOR PURPOSE OF 
EXAMPLE. 

V3= 128.71[~ (2.45f + .5(12.3U = 128.71(9.80 + 6.15) • 684 cu. FT. 
2.5 +.5 3 

SMALL UNGULA:Q.,.;G,. 146 B•Cad2 d2 =2!5 Ca•.0710 B•l.776FT.2 
v d 5 • 

1 
0 ~ C • r -0 • 2.5- .73=1.77 a• Jr2 -c2- • J 2.52-1.772• l.7655 
LV c 
~ H1 = JC31.86 l 2 - (.73}2 = 31. 33 

\It •1.776 x 97.42 
ml73.0 

V1 • 31.33 (2'3(1.7655)3-2(1.776))= 31.33 (l.37 -3.13 ) "10.2 CU.FT. 
2.5-.77 0.73 

FROM 
CONTRACT 
DRAWINGS 

HIGH WATER 
_LEVEL 

5' H x 7' W R.C.B. 

26' DIA-. 
DESI.§!! WATER LEVEL EL 1186.0* 

EL. 1167.00 

(REFER TO 
FIGURES 2-20 
THROUGH 2 -23) 

d. 5 
0 1·" Qp • _liA. z 18.25 I • .0233 

72 2 n = .O 13 

Q = ~· da,.31~ 18.25 •. ~;3{5)8t3(,0233)~2 

K' • .02126 
INTERPOLATING 
USE D a.146 

d 

0 I } 
7=.14 K • .0195 

2 30 126 
I .l.i§Q t• .15 K ·~ 176+300• 

30 .586 

PUMP START-STOP SEQUENCE 
START ENGINE NO. 2 EL. 1181. 0 
STOP • • • 1178.0 
START NO. I • 1178.0 
STOP II • 1175.5 
START l.I:Ni FLOW PUMP • 1171.0 
STOP " • II • 1168.0 

H =_3 _ = 128.75 FT. 
.0233 

H1•-·_5 - = 21.46 FT. 
.0233 

FIGURE 4-7 PUMP STATION AND INLET LINE STORAGE 
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For Code F induction motors, as normally used for driving vertical 
pumps, the following limits are recommended. 

Motor HP 

0-200 
250-300 
350-500 

Cycling Time (t), Minutes 

15 
18 
20 

If pump discharge Op, minimum cycling time t, pump pit area, 
and usable storage volume are known or tentatively selected, 
the pumping range 6h can be expressed as: 

6h = (15 Qp x t) - Usable storage volume 
Pump Pit Area 

At the low levels of water in the pump pit when cycling is being 
considered the discharge of the first pump will be less than 
the discharge at design water level, which is usually at or only 
slightly below the level of the hydraulic gradient. Consequently, 
the cycling time will be greater and the risk of overheating 
apparently less. However, there is some added complexity to 
this subject making it more appropriately treated in Chapter 8 -
Pumping and Discharge Systems, and in Chapter 9 - Pumps for 
Stormwater Applications. To avoid the confusion of attempting 
to explain pumping phenomena in this chapter on Collection 
Systems, the reader is requested to accept the pumping rates 
shown in the numerical examples of Figures 4-6 through 4-9 from 
which the cycling times are computed. After study of Chapters 8 
and 9, the reader should come back and study the validity of the 
pumping rates used, which are shown in two of the three examples 
as less than the Design Q for the pump operating at Design Water 
Level. The example given in Figure 4-5 has been simplified by 
ignoring considerations of the inlet line running partially full, 
but this is explained in Figure 4-6 and a composite is shown in 
Figure 4-7. 

A more ~omprehensive example is now given, showing a collection 
system with awkward layout in which only part of the storage is 
usable. The inlet delivers to a rectangular pump pit of 
minimum depth, but cycling period of first pump is shown to be 
satisfactory. Refer to Figures 4-8 and 4-9. The design inflow Q 
has been given as 181 cubic feet per second and the size of the 
first pump to operate is selected as 15% of Q. Thus the pump 
capacity is 27 cfs (12,100 gpm) and the critical volume of 
inflow Qi for cycling considerations is 13.5 cfs. To suit the 
hydraulic gradient and use of non-pressure R.C.P., the highest 
permissible water level in the station has been set at 
El. -4.05. There are to be four pumps which start at one foot 
intervals at or below this level, so the starting elevation of 
the first pump will be El. -7.05. Therefore, -7.05 i~ the 
highest elevation at which usable storage can be considered. We 
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are, therefore, concerned with the hydraulic conditions in a large 
pipeline flowing partially full. Referring to King & Brater, 
Handbook of Hydraulics, Table 7-14, the procedure is to find 
K' for each portion of line, then the depth of water D, inter­
polating as necessary. Values of D must be determined to 
correspond to an inflow rate Qi equal to half the pump capacity. 

Usable storage is now computed as follows: 

Line H (72") d = 6.0 K' = 13.5 x .013 = .0467 

(6.0)
873

c.0011
172 

D/d (interpolating) = .21 + (19/44 x .01) = .2143 

D = 6.00 x .2143 = 1.29 ft. depth 

Line H (66") d = 5.5 K' = .0589 

D/d = .24 + (4/49 x .01) = .2408 D = 5.5 x .2408 = 1.32 ft. depth 

Line F (63") d = 5.25 K' = .0667 

D/d = .25 + (33/52 x .01) = .2563 D = 5.25 x .2563 = 1.35 ft.depth 

Line F (57") d = 4.75 K' = .0870 

D/d = .29 x (21/58 x .OU= .2936 D = 4.75 x .2936 = 1.39 ft. depth 

Figure 4-8 can now be drawn, based on Figure 4-7 and the above. 

The stepped 
the ungula, 
triangles. 
0.12 ft. at 

inverts of the 
but the length 
Water depth of 
Sta. 11+28.00. 

lines have some effect in distorting 
L, of V may be computed by similar 
Vis 1.96 ft. at Sta. 0+97.50 and 

Length L,=1030.5xl.96/l.84=1097.7 ft. 

For Sta. 0+97.50: 

d = 6.0 D=3.25 c=0.25 a= /(3.00)2 - (0.25)2 = 2.99 

D/d = .5417 Ca. = .4347 Wetted Area B = .4347 (6.0)2 = 15.65 sq.ft. 

= H.2/3a3 + cB) 
r+c 

For Sta. 11+28: 

2039.5 (2/3x2.993 + 0.25xl5.65) = 
3.0 + 0.25 

d = 5.25 D=l.35 c=l.275 a=/(2.6252 - (1.275)2 = 2.29 

13,638 cu.ft. 

D/d = .2571 Ca= .1597 Netted Area B = .1597 (5.25)2 = 4.40 sq.ft. 

v
1 

= (H.2/3a3 - cB) = 941.8 (2/3x2.293 - l.275x4.40) = 
r-c 2 • 625 _ 1 _

275 
1,671 cu.ft. 
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For Sta. 0+97.50: 

d = 6.0 D = 1.29 D/d = .2150 Ca = .1240 B = 4.46 sq.ft. 

For Sta. 6+16: 

d = 6.0 D = 1. 82 D/d = .3033 Ca = .2012 B = 7.24 sq.ft. 

d = 5.5 D = 1.32 D/d = .2400 Ca = .1449 B = 4.38 sq.ft. 

For Sta. 11+28: 

d = 5.5 D = 1.60 D/d = .2909 Ca= .1898 B = 5.74 sq.ft. 

= 5,920 cu.ft. 

V = V3 - V1 - V2 = 13,638 - 1,671 - 5,920 

= 6,047 cu. ft. usable storage in inlet line. 

Pump Pit Area A (determined in Chapter 15, as dimensionally suitable 
for pumps selected) = 1,452 sq. ft. 

~h can be set to match hydraulic computations = 1.96 ft. 

Pump cycling time T is now computed. 6T = A6h+V 
15 Qp 

With 6h given above as 1.96 ft., and Qp = 27 cfs 

6T = 1,452 x 1.96 + 6,047/15 x 27 = 21.9 minutes 

(O.K. 21.9 > 15 minutes minimum for 150 h.p. motor). 

Due to the minimum water level condition (See Chapter 8 - Pumping 
and Discharge Systems) the value of Op may be discounted to 
25 cfs. This would slightly raise 6h and the usable storage, 
and increase cycling time. 

The preceding examples show that a good deal of care must be 
taken in computing the storage in collection systems and relating 
it to pumping requirements. Only the minimum of information 
on pump characteristics has been introduced, solely for the 
purpose of assisting the reader's understanding of the effect of 
the collection system on the pump station design and operation. 
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I 

PUIW> NO. I 

Qp• 27cfs 
START AT -7.05 
STOP /fr -9.01 

ll.H • 1.96 

(NO STORAGE) LINE G (NO STORAGE) 

(NO STORAGE)---

Q· "Ql>/.2 = 271. • 13.5 cfs 
I 2 ------~E~~} M H 

1 8 I 
Q1 " Ki'n d ~ S 12 

TOT AL STORAGE. USABLE ANO 
UNUSAEl..E, SHO.VN THUS 

-9.77 

LINE J 

K' • 

n ,. 

Qi xn 

d
81

3 •
11
2 

.013 for R.C.P. 

(NO STORAGE) 

DISCHARGE LINE 

d • Pipe Diam. in ft. 

S Slope 

THE GOVERNING CONDITION FOR PUMP CYCLING IS WHEN Q1NL£T IS EQUAL TO 

HALF Qp1JNp. THE DEPTH OF WATER IN THE INLET LINES CORRESPONDING TO 

QINLET IS COMPUTED. ONLY STORAGE ABOVE THIS LEVEL IS USABLE. 

LINE SIZE STATIONING INVERT LENGTH SLOPE TRANSITION 

72" 
0+97.50 -10.30 

H 
6+ 16.00 -9.77 ~18.5 .001 

7211 TO 66" 

H 6611 6+ 16.00 - 9.27 
512.0 .OOI 

II+ 28.00 -8. 77 
6611 

TO 63" 

63• 
0+90.97 -8.52 

F 504.0 .001 
5+95.00 -8.03 

63" TO 57 " 
F 57" 

5 +95.00 - 7.53 
505.0 .001 

ll-t-00 -7.05 

L 36" IGNORE - USABLE STORAGE NOT SIG~ IF I CANT 

.Q.. .00 ~t .02 
.03 .04 O!S .06 07 .08 .09 

d 
.0 00007 00031 .OOO'M .00138 .00222 .00328 ()()455 00804 oom 
.I .00967 .Qll8 .0142 .Ol67 .0195 ' .0225 .0257 .0291 .0327 .0366 
.2 .0406 .0448 0492 .0537 .0585 .0634 .0686 .0738 .0793 .0849 
.3 .<:s:JT .0966 .1027 .I089 .1153 .1218 .1284 .1352 .1420 .1490 
.4 J561 .1633 .1705 .1779 .1854 .1929 .2oa5 .2082 .2160 .2238 

.5 .232 .239 .247 .255 .263 .271 .279 .287 .295 .303 

.6 .311 .319 .327 .335 .343 .350 .3!58 .366 .373 .380 

.7 .388 .395 .402 .409 .416 .422 .429 .435 .441 .447 

.8 .453 .4!58 .463 .468 .473 .477 .481 .485 .488 .491 

.9 .494 .496 .497 .498 .498 .498 .496 .494 .489 .483 
1.0 .463 

KING& BRATER TABLE 7-14, VALUES OF K' FOR CIRCULAR CHANNELS IN THE 
FORMULA Q • J(_ d'1ss1!1 

n 
D • DEPTH OF WATER d = DIAMETER OF CHANNEL 

FIGURE 4-8. INLET LINE LAYOUT 
~ATA FROM WESTSIDE PUMP STATION,LONG BEACH ,CA. 
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~ 
I 

~ 

-7.05 

57" 
-7.53 

-8.03 
.50' 63" 

505.0' 504.01 

LINE' F F 

STA' 11+00 5+95 

TOTAL UNGULA V3 = V + V1 + V2 

USABE STORAGE v = v3 - v, - Vz 

V1 = SMALL UNGULA (UNUSABLE) 

V2 = VOLUME OF WATER {UNUSABLE) 
BELOW CRITICAL DEPTH 

LI = 1097.7 

67.2 

66 11 

-9.77 
72" 

512.0' 518.51 

H H 
0+90.97 6+16 
11+ 28 

STA. 0+97.50 

FIGURE 4-9. USABLE AND UNUSABLE STORAGE IN INLET LINE 

PUMP STATION 

(NO SCALE) 

SOFFIT OF I 

75"1NLET~/ 
EL.-4.05 

4' 

-4.30 

-7.05 ON 

-9.01 OFF 

1.29
1 

-I0.30 

PUMP 

0+97.50 
PIT 

WETTED AREA 

STA. II+ 28 

H.W.L 
-4.05 

PUMP 
NO. I 

ah 
1.96 
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50 

INFLOW 
HYDROGRAPH 

40 

Ci) 
LL. 30 
u -

• 20 

I 3: OUTFLOW HYDROGRAPH 
I\) 0 

..J 
LL. 

10 

TIME (HOURS) 

FIGURE 4-10 USE of STORAGE TO REDUCE PEAK FLOW RATE 
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To round out the limited pumping explanations, it is appropriate 
at this point to mention Total Dynamic Head since its abbrevia­
tion TDH has appeared and various references have also been made 
to head, operating head, design head and possibly static head. 
Briefly, a pump always operates at some total dynamic head which 
consists of the static head through which the water is being 
lifted, plus various head losses due to water velocity and the 
friction of the water passing through the pump, piping, valves 
and fittings to the point of discharge. Chapter 6 - Wet Pit 
Design, and Chapter 8 - Pumping and Discharge System give more 
details. 

Sections 4-G, 4-H and 4-I have dealt with collection systems and 
storage for conditions where pump station discharge rate need not 
be limited. The remainder of Chapter 4 presents methods to be 
used when discharge rate must not exceed a given level. 

4-J. DEVELOPMENT OF A MASS CURVE ROUTING PROCEDURE 

The merits of using storage to reduce peak flows have been discussed 
in previous sections. A generalized case is selected for illus­
tration because the actual pumping station case may be complicated 
by the varying pumping rates and discontinuities as the pumps turn 
on and off. This is shown in Figure 4-10. 

The shaded area between the curves represents the volume of 
stormwater that must be stored to reduce the peak flow rate. 
Storage exists in natural channels, storm drain systems, con­
structed basins or forebays, and in storage boxes. Engineers must 
be able to identify the analyze the effect of storage on the 
discharge rates from the pump station. 

Designers must establish the interrelationship between three 
separate components. First, the inflow hydrograph must be 
determined for the contributing watershed. Second, the volumetric 
storage capability of the storage facility must be identified. 
Third, the stage-discharge curve of the pumps must be determined. 
Once these three components have been established, a mass curve 
routing procedure can be used to analyze the problem. This 
routing procedure will be developed in the following sections. 

An example problem is utilized to illustrate the development of 
the routing procedure; the inflow hydrograph used for this example 
problem is depicted in Figure 4-11. 

4-K. ESTIMATING REQUIRED STORAGE AND PUMPING RATES 

Because of the complex relationship between the variables of pumping 
rates, storage, and pump on-off settings, a trial and error 
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approach is usually necessary for estimating the pumping rates 
and storage required for a balanced design. There is a wide 
range of combinations that will produce an adequate design. A 
desirable goal is to maximize storage capacity so as to minimize 
pumping capacity. 

Some approximation is necessary to produce the first trial design. 
One approach is shown in Figure 4-12. 

In this approach, the peak pumping rate is assigned and a 
horizontal line representing the peak rate is drawn across the 
top of the hydrograph. The shaded area above the peak pumping 
rate represents the volume of storage required above the last 
pump-on elevation. 

The number of pumps and their respective pumping rates are 
selected together with the pump on-off settings, and trial 
dimensions of the storage basin are assigned to produce the 
r8quired volume of storage, represented by the shaded area in 
Figure 4-12, above the last pump-on elevation. 

For the example problem, a peak pumping rate of 14 cfs was assigned; 
this will be accomplished by two 7 cfs pumps. The pumping rate 
is plotted as a horizontal line, and the shaded area is measured, 
determining the required volume (4,500 cu. ft.) above the last 
pump-on elevation. 

4-L. STAGE-STORAGE RELATIONSHIP 

Engineers have a wide-range of tools available to them for pro­
viding the necessary storage at a pumping station. Earth basins 
either natural or constructed are the most cost-effective; 
however, at most highway pumping stations the storm water must 
be stored underground. This can be accomplished by oversizing 
the storm drain or providing a concrete storage box. 

Routing procedures require that a stage-storage relationship be 
developed. This is accomplished by calculating the available 
volume of water for storage at uniform vertical intervals. 
Usually the stage-storage curve is developed using one-half foot 
intervals, with the intervals corresponding to the vertical 
elevations used in the station design. 

Storage provided by irregular natural terrain is calculated by 
determining the area of horizontal planes associated with the 
vertical intervals. The areas of adjacent planes are averaged 
and multiplied by the vertical increment to determine an incre­
mental volume. Starting at the bottom of the basin, the volumes 
are summed to obtain the stage-storage curve. 

When a trapezoidal basin is used, the stage-storage curve can be 
calculated by the prismoidal formula: 

V = D (Al + A2 + 4M) 
6 
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FIGURE 4-12 ESTIMATING REQUIRED STORAGE 
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where: 

v = Volume of basin at a given depth, cu. ft. 

D Depth of basin, ft. 

A1 Area of water surface, sq. ft. 

A2 = Area of base, sq. ft. 

M = Area of midsection, sq. ft. 

The volumes associated with the assigned depth are calculated and 
plotted to obtain the stage-storage curve. 

A special case occurs when the basin is square (pyramid) ; the 
volume of the basin is calculated using the frustum of a pyramid 
equation: 

where: 

v = Volume of a basin at a given depth, cu. ft. 

D = Depth of basin, ft. 

A1 = Area of water surface, sq. ft. 

A2 = Area of base, sq. ft. 

Whenever the pump start elevation is above the invert of the 
storm drain, the storm drain will perform more as a storage basin 
than a conveyance vehicle. By oversizing the storm drain, a true 
storage basin can be created that will provide a meaningful 
reduction in pumping rates. One section of pipe could be designed 
to act as a storage basin, or the storage zone could be extended 
into several lengths of the storm drainage system. 

The volumes for establishing the stage-storage curve can be cal­
culated using the prismoidal formula: 

where: 

v 

L 

V = L (A1 + A2 + 4M) 
6 

= Volume of water in pipe, cu. ft. 

= Wetted length of pipe, ft. 

= Wetted cross sectional area of lower end of pipe, 
sq. ft. 
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DESIGN HIGH WATER 

_E_L. 5_. 7_5' _____ t~~,;;--;;;:;-;;;;-;;;...;;-:;:-;::-:..::;;;-;;;._:-=:::._:-::-::__ -=-=-~:-==--=---=---~=] 

48" PIPE at 0.40 % 
E .2.2' 

EL.0.01 

5201 

FIGURE 4-13 STORAGE PIPE SKETCH 

ELEVATION PIPE WET WELL TOTAL 

(ft) (ft3) (ft3) ( ft3) 

o.o 0 0 0 

0.5 45 173 218 

1.0 251 346 597 

1.5 672 519 1,191 

2.0 1,333 692 2,025 

2.5 2,213 866 3,079 

3.0 3,187 f,039 4,226 

3.5 4,168 1,212 5,380 

4.0 5,072 1,385 6,457 

4.5 5,773 l,559 7,332 

5.0 6,230 1,732 7,962 

5.5 6,468 1,905 8,373 

6.0 6,534 2,078 8,612 

6.5 6,534 2,251 8,785 

7.0 6,534 2,424 8,958 

STAGE - STORAGE TABULATION 
48" PIPE at 0.40 PERCENT 
21 1 DIAMETER WET WELL 
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FIGURE 4-14 STAGE- STORAGE CURVE 
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" 

M 

= Wetted cross sectional area of upper end of pipe, 
sq. ft. 

= Wetted cross sectional area of midsection of pipe, 
sq. ft. 

Relative area-depth curves or tables for the particular storm 
drain shape must be consulted to determine the cross sectional 
areas. An FHWA report* provides relative area-depth tables for 
various cross sectional shapes. 

If the pipe is circular, a special case exists, and the volume 
can be calculated using the ungula of a cone formula as discussed 
in Figure 4-5. The ungula formula should only be used for partially­
full flow conditions. 

Underground storage boxes would most likely be rectangular rein­
forced concrete boxes. The volumes at the various stages can be 
calculated using a combination of formulas for regular prisms and 
triangular wedges. 

In an example problem, a 520-ft. long 48" circular pipe with a 
0.40 per cent slope is provided as a storage pipe as shown in 
Figure 4-13~ a 21-ft. diameter wet-well is also provided. The 
storage volumes for the respective elevations are tabulated in 
Figure 4-13, and the stage-storage curve is plotted in Figure 4-14. 

4-M. STAGE-DISCHARGE RELATIONSHIP 

Mass curve routing procedures require that a stage-discharge 
relationship be established. For the example problem the following 
stage-discharge relationship was developed: 

Pump-Start Pump-Stop 
Elevation Elevation 

Pump No. 1 (7 cfs) 2.0 0.0 

Pump No. 2 (7 cfs) 3.0 1.0 

Figure 4-15 shows the pumping arrangement. 

This stage-discharge relationship is based on three design criteria 
assumptions: (a) Pump No. 1 stops at Elevation 0.0, (b) 2-ft. 
pumping range, and (c) 1-ft. difference in elevation between pump 
starts. 

*Zelensky, P.N., Computation of Uniform and Nonuniform Flow in 
Prismatic Conduits, 1972, Federal Highway Administration, 
Office of Research and Development, Washington, D.C. 20590. 
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FIGURE 4-15 STAGE - DISCHARGE CURVE 
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Since pumping station design is basically a trial and error 
approach, this pumping arrangement should be considered as the 
first attempt. 

4-N. INFLOW MASS CURVE 

To obtain an inflow mass curve, the inflow rates at the limits 
of a time increment are averaged and multiplied by the time 
increment to obtain an incremental volume. These incremental 
volumes are then summed to obtain a cumulative inflow and plotted 
against time to create an inflow mass curve. 

The inflow hydrograph {Figure 4-11) for the example problem is 
summed and plotted in Figure 4-16 as the inflow mass curve. 

4-0. MASS CURVE ROUTING 

After the three components, inflow hydrograph, stage-storage 
relationship and stage-discharge relationship have been determined, 
a graphical mass curve routing procedure can be used. In actual 
design practice, the inflow hydrograph which is developed by an 
acceptable hydrologic method is a fixed design component; however, 
the storage and pumping discharge rates are variable. The 
designer may wish to assign a pumping discharge rate based on 
environmental or downstream capacity considerations. The required 
storage is then determined by various trials of the routing 
procedure. 

As the stormwater flows into the storage basin, it will accumulate 
until the first pump-start elevation is reached. The first pump 
is activated and if the inflow rate is greater than the pump rate, 
the stormwater will continue to accumulate until the elevation 
of the second pump-start is reached. As the inflow rate decreases 
the pumps will shut off at their respective pump-stop elevations. 

These conditions are modeled in the mass curve diagram by establish­
ing the point at which the cumulative flow curve has reached the 
storage volume associated with the first pump-start elevation. 
This storage volume (2025 ft.3) {Figure 4-14) is represented by 
the vertical distance between the cumulative flow curve and the 
base line as shown in Figure 4-17. A vertical storage line is 
drawn at this point since it establishes the time at which the 
first pump starts. 

The pump discharge line is drawn from the intersection of the 
vertical storag7 li~e a~d the base line upwards towards the right; 
the slope ~f this line is equal to the discharge rate of the pump. 
The pump discharge curve represents the cumulative discharge from 
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FIGURE 4-16 DEVELOPMENT of INFLOW MASS CURVE 

AVERAGE TIME INCREMENTAL 
TIME INFLOW INFLOW INCREMENT FLOW 

(cfs) (cfs} (sec) (ft!) 

10~30 0 
.05 300 15 

35 .I 
.15 " 45 

40 .2 
.25 75 .. 

45 .3 
.35 .. 105 

50 .4 
.45 " 135 

55 .5 
.55 " 165 

11:00 .6 
.65 II 195 

05 .7 
.75 II 225 

10 .8 
.85 .. 255 

15 .9 
.95 285 " 20 1.0 

1.05 .. 315 
25 I. I 

1.15 II 345 
11•30 1.2 

1.85 " 550 
35 2.5 

3.5 " 1,050 
40 4.5 

8.0 2.400 II 

45 11.5 
15.2 .. 4,560 

50 19.0 
20.2 " 6,060 

55 21.5 
19.2 " 5,760 
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FIGURE 4-17 MASS CURVE ROUTING DIAGRAM 
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the storage basin, while the vertical distance between the inflow 
mass curve and the pump discharge curve represents the amount of 
storm water stored in the basin. 

If the rate of inflow is greater than the pump capacity the inflow 
mass curve and the pump discharge curve will continue to diverge 
until the volume of water in storage is equal to the storage (4226 ft. 3) 
associated with the second pump-start elevation. At this point 
the second pump starts, and the slope of the pump discharge line 
is increased to equal the combined pumping rate. 

The procedure continues until peak storage conditions are reached. 
At some point on the inflow mass curve the inflow rate will 
decrease, and the slope of the inflow mass curve will flatten. 
To determine the maximum amount of storage required, a line is 
drawn parallel to the pump discharge curve tangent to the 
inflow mass curve as shown in Figure 4-17. The vertical distance 
between the lines represents the maximum amount of storage required. 

The routing procedure continues until the pump discharge curve 
intersects the inflow mass curve. At this point the storage 
basin has been completely emptied, and a pumping cycle completed. 
As the storm recedes, the pumps will cycle to discharge the 
remaining runoff. 

In developing the pump discharge curve, the engineer should 
remember that the pump's performance curve is quite sens·itive to 
changes in head and that the static head will fluctuate as the 
water level in the storage basin fluctuates. The designer should 
also recognize that the pump discharge rate represents an average 
pumping rate. 

In the example problem two 7 cfs pumps are provided. The pumping 
conditions are as follows: 

Pump No. 1 (7 cfs) 

Pump No. 2 (7 cfs) 

Pump-Start 
Elevation 

2.0 (2,025) 

3.0 (4,226) 

Pump-Stop 
Elevation 

0.0 (0) 

1.0 (597) 

The numbers in parenthesis are the storage volumes (cu. ft.) 
associated with the respective elevations. 

As depicted in Figure 4-17, Pump No. 1 is activated when the 
cumulative flow fills the storage basin to elevation 2.0 
(2,025 cu. ft.). The pump discharge curve is drawn from the base 
line at a rate of 7 cfs. Since the rate of discharge is greater 
than the inflow rate, the basin will quickly empty, and Pump No. 1 
will shut off. The pump discharge curve will be horizontal 
because there is no pumped discharge until the inflow builds up 
to the Pump No. 1 start elevation again. 
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Pump No. 1 comes on again as the inflow builds up. Since the 
inflow rate is greater than the discharge rate the curves will 
diverge until the available storage (4,226 cu. ft.) is reached 
at Pump No. 2 start elevation. The combined discharge rate is 
plotted, and a line is drawn parallel to the discharge curve 
through the point of tangency of the inflow mass curve to determine 
the maximum amount of storage required as shown in Figure 4-17. 
The vertical distance between the lines represents the maximum 
amount of storage required (8,500 cu. ft.). 

The peak storage conditions have now been reached, and the storage 
decreases. The routing continues until the two curves intersect, 
at which time the basin will have emptied. Pump No. 2 will shut 
off when the storage volume is equal to the volume (597 cu. ft.) 
associated with the Pump No. 2 stop elevation (1.0'); Pump No. 1 
will shut off when the storage pipe has been emptied at Pump No. 1 
stop elevation (0.0). Subsequent inflows will cause the pumps to 
cycle as the storm flows recede; this additional cycling was not 
shown for simplicity. · 

The design is adequate since the available storage at the high 
water alarm is 8,785 cu. ft. High water design conditions are 
plotted on the stage-storage curve (Figure 4-14) for reference. 

In the final design, fine tuning of mass curve routing procedure 
can occur after the pumps have been selected. For example, if two 
equal pumps are selected, the pumping rate when only one pump is 
pumping most likely would be greater than one-half of the combined 
rate due to head losses in the piping system. Another refinement 
can be made for the condition when all of the pumps have come on 
line and peak pumping conditions have been reached. The pump 
discharge curve can be adjusted to reflect changes in the pumping 
caused by changes in the static head. However, it is note<;'! that 
these refinements do not act on the side of safety. 

4-P. DISCUSSION 

The designer now has a complete design that allows the problem 
to be studied in-depth. The peak rate of runoff has been reduced 
from 22 cfs, the inflow hydrograph peak, to 14 cfs, the maximum 
pump discharge rate. A reduction of 46.5 per cent is accomplished 
by providing for 8,500 cu. ft. of storage. This is only one 
possible design option. The designer may wish to reduce the pumping 
rate further by providing more storage, and additional combinations 
of pump discharge and storage can be considered. 

It is important that the designer visualize what is happening 
during the peak design period. To aid in this process, the pump 
discharge curve developed in Figure 4-17 can be superimposed on 
the design inflow hydroqraph (Figure 4-11), as shown in Figure 4-18, 
to obtain another picture of the routina orocess . 

.J ... 
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Q =3.5 cfs 
V~3.65fps 
d -0.52ft. 

WET WELL 
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f::: ........ · ......... ~:: .. .-.:.:·::::·:::.'.·::.l~,~~~~~~ 
:. (/ 
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. . . . 

FIGURE 4-19 FWSHING CONDITIONS for STORAGE PIPE 

PIPE SIZE PIPE SLOPE 
(inches) (ft /ft) 

24 .0083 

27 .0071 
30 .0062 

33 .0054 
36 .0048 
42 .0039 TRIAL SLOPES 

48 .0033 ( 3FPS, Y1 FULL-FLOW, n•0.013) 

54 .0028 

60 .0024 

66 .0021 
72 .0019 
78 .00172 

84 .00156 

90 .00142 
96 .00130 
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The shaded area between the curves represents storm water that is 
going into storage. Again, pump cycling at the end of the storm 
has been omitted in order to simplify the illustration. 

To complete the design, the designer should investigate more 
frequent storms (2-10 yr. recurrence interval) to evaluate pumping 
cycles during these storms. Less frequent storms (100-yr. 
recurrence interval) should also be investigated to determine the 
amount of flooding that will occur. 

Handling of sediment remains a difficult problP.m in pumping station 
design. Mechanical engineers prefer that as much sediment as 
possible be deposited in the storage boxes and wet well to minimize 
wear on the pumps while maintenance engineers prefer that the 
sediment be passed through the system so that the station is as 
maintenance-free as possible. While both of these goals may have 
merit, they are at cross purposes, and some trade-off must be 
obtained. 

Since the velocity in the storage pipe is quite low (1-2 fps) 
sediment will tend to settle out in the storage pipe. Some 
engineers recommend a relatively steep slope of 1-2 per cent to 
pass the sediment into the wet well. As a general statement, the 
steeper the grade, the better the sediment removal; however, the 
steeper grade may cause the station wet well to be driven deeper 
into the ground, increasing its cost. A steep grade may also limit 
the length of pipe that would otherwise be available for storage. 

It is difficult to analyze flow and sediment conditions in the 
storage pipe; one approach would be to investigate the 11 flushing 
case." Design publications recommend a minimum velocity of 3 fps 
when the pipes are flowing full; however, in the pumping station 
case, the pumping rates determine the pipe velocity. For the 
"flushing case," it is assumed that all main pumps have stopped 
and that the inflow rate is one-half of the smallest pumping rate 
to insure cycling. The slope of the storage pipe is then selected 
to provide a velocity of at least 3 fps. The flushing case for 
the example is shown in Figure 4-19. 

The selection of the storage pipe size and slope is an important 
element in the trial and error design procedure. Figure 4-19 provides 
design slopes of various sized concrete pipe that will provide a 
velocity of 3 fps when flowing at a depth of D/8. While this 
criteria is quite rigorous, the resulting slopes for the larger 
pipes are still quite flat. If the storage pipe is depressed or 
isolated from the upstream storm drainage, a minimum pipe grade 
of 0.35 per cent is suggested to prevent low spots in the pipe. 

In summary, the storage pipe and wet well should be designed to 
handle sediment; however, the pumping system should be designed 
to carry sediment-laden storm water in case sediment removal does 
not occur in the wet well. 

* * * * * * * * * * * 
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CHAPTER 5. SELECTION OF TYPE OF STATION AND EQUIPMENT 

·5-A. GENERAL 

Some authorities have developed their standard design for pump 
stations, usually suitable for or adaptable to all conditions 
found within their area. Where no standards prevail, many 
options are available to the designer in the selection of type of 
station and equipment. There may be advantages or disadvantages 
associated with each option, leading to the necessity of 
establishing as criteria the desired characteristics of numerous 
design features. 

The selection procedure is to first establish the criteria and 
then to select from the options available a combination which 
clearly meets the criteria. Cost, reliability, operating and 
maintenance requirements are all important considerations when 
making the selection. It is difficult and beyond the scope of 
this Manual to develop a totally objective selection procedure 
to focus on the best or only acceptable solution to any hypotheti­
cal case, because of the diverse elements and inputs to be 
considered. A degree of subjectivity will contribute to and 
enhance the effectiveness of the selection process. 

First costs are usually of more concern than operating costs in 
stormwater pump stations since the operating periods during 
the year are relatively short. Ordinarily, first costs are mini­
mized by providing as much storage as possible, with two or 
three small pumps, electrically-driven. As a guideline for 
selecting the number of pumps, the extremes of operating condi­
tions can be considered. In a very conservative approach, two 
pumps can be used, with the inlet system designed to store most 
or all of the peak inflow. The pumps are both of the same size, 
but one is sufficient for normal outflow. The second pump is 
held in reserve, not being required except in case of breakdown 
or malfunction of the first. Pumps can be controlled to alter­
nate starting so as to equalize usage. At the other extreme 
three or more pumps can be used with minimum storage, sufficient 
only to meet cycling requirements. The total capacity of the 
pumps must be equal to the peak inflow to the station, without 
provision for any reserve capacity. Much larger pumps would be 
required in the second case, assuming the same peak inflow. Most 
pump stations will be designed on a basis which avoids these ex­
tremes. No reserve or stand-by pumps are usually provided. 

Special circumstances may dictate additional pumping units. 
Where a pump or driver failure and subsequent flooding could 
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cause extensive property damage, loss, or a hazard to lives, an 
extra unit should be provided. Such extra units are often pow­
ered by natural gas engines which assure operation in the event 
of a power failure. Substituting a greater number of smaller 
pumps for fewer large pumps reduces the need for reserve units, 
since failure of any one pump would be less significant. Often, 
there will be a reduction in the required pump pit depth with 
the use of smaller pumps, which helps to compensate for the added 
cost of multiple units. 

5-B. TYPES OF STATION AND EQUIPMENT 

Although the criteria for the station design are to be first 
established, it is preferable for familiarization to initially 
consider types of station and equipment. The eight types of 
standard designs and examples illustrated in Chapter 2 - Review 
of Current Practice, may be considered a sufficient basic 
variety of combinations capable of meeting all needs. This is 
especially so when each type is expressed in two configurations, 
for a total of 16 type-variations. More extensive variations 
could easily be developed, conceivably even hybrid combinations of 
different types of pumps, but simplicity should govern and as a 
practical matter the selection procedures of this Manual are 
therefore limited to the types illustrated. The types are com­
bined with the criteria in a matrix format to aid selection. 

The types of station are: 

2-B. Dry-Pit Example: (1) Two, or (2) Three, Horizontal 
Centrifugal Pumps with Electric Motors. 

2-C. Dry-Pit Example: (1) Two, or (2) Three or more, Vertical 
Centrifugal Angle-flow Pumps with Electric Motors. 

2-D. Wet-Pit Example: Circular Caisson with (1) Three, or 
(2) Multiple Vertical Pumps with Electric Motors. 

2-E. Wet-Pit Example: Circular Caisson with (1) Two, or 
(2) Three, Vertical Pumps with Combination Drive -
Electric Motors and Engines. 

2-F. Wet-Pit Example: Rectangular Pit with (1) Multiple 
Vertical Pumps of two different capacities with Electric 
Motors, or (2) similar Vertical Pumps, some with Gas 
Engines and one or more with Electric Motors. 

(Endless variations and alternates of pumps and 
drivers are possible with this type of station.) 
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2-G. Wet-Pit Example: Circular Pit with (1) Two, or 
(2) Three, Vertical Pumps with Engines (LPG). 

2-H. Wet-Pit Example: Structure, with (1) Two or (2) Three 
Screw-type Pumps, with Electric Motors. 

2-J. Wet-Pit Examples: (1) Two, or (2) Multiple Submersible 
Pumps, in Circular Caisson or Rectangular Pit. 

5-C. STATION CRITERIA 

It is difficult to concisely and uniformly express diverse station 
design features in the form of criteria, but the following is 
a listing of features to be considered. The listing should be 
of assistance in making comparisons and selections. 

The three categories, (a), (b) or (c) are intended to convey a 
high, medium or low condition respectively, and apply to all 
features except 22, which is a gathering of generally unrelated 
special features which must not be overlooked, even if none is 
found to be applicable. 

1. 

2. 

3. 

4. 

5. 

6. 

Station Design 
Capacity 

Station Design Head 

Storage Upstream of 
Pumps 

Quality of Water to 
be Pumped 

Inflow Rate 

Weather Conditions 

(a) Maximum exceeding 300 cf s 
(b) Maximum between 100 and 300 cfs 
(c) Maximum less than 100 cfs 

(a) Over 35 feet TDH 
(b) Between 15 and 35 feet TDH 
(c) Less than 15 feet TDH 

(a) For velocity reduction, settle­
ment of solids, minimizing 
equipment 

(b) Utilized if available 
(c) Not required or available 

(a) Turbid and sand-laden inflow 
(b) Moderate contamination 
(c) Minimal contamination 

(a) Rapid increase 
(b) Normal hydrograph 
(c) Slow increase 

(a) Extreme cold in winter 
(b) Moderate winters 
(c) Mild winters, no freezing 
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7. Discharge Conditions (a) Long sing outfall from each 
pump 

8. 

9. 

10. 

11. 

12. 

Sump Dewatering 

Electric Power 
Reliability 

Natural Gas/LPG 
Desired as Fuel 

Station Siting 

Soil Conditions 

(b) Short free outfall from each 
pump 

(c) Limitation of discharge rate 

(a) Sump pump required 
(b} Vacuum truck preferred 
(c} No provision 

(a) Completely dependable - dual service 
(b) Very dependable - single service 
(c} Undependable - frequent outages 

(a} Completely dependable - dual service 
(b) Very dependable - good storage 
(c} Not readily available - supply 

unreliable 

(a} Good access from frontage road or 
similar 

{b) Good access from highway 
(c} Poor access, alongside highway 

(a) Rock 
(b) Hard, steep unshored cuts 
{c) Clay or soft soil 

13. Foundation Conditions (a} Acceptable bearing strata 
(b) Piling required for bearing 

14. 

15. 

16. 

17. 

Above-Ground 
Structure 

Structure Visibility 

Initial Cost 

Maintenance Capa­
bility 

(c) Extensive dewatering with piling 
required because of uplift 

{a} Large acceptable 
(b) Modest preferred 
{c) Smallest possible desired 

(a} Large structure acceptable 
{b) Modest structure desired 
(c) Minimum only acceptable 

(a) High capital cost acceptable 
{b} Moderate cost acceptable 
(c) Lowest cost mandatory 

(a) Excellent with complex machinery 
{b} Reasonably good 
(c) Mediocre 
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18. Operating Cost 

19. Equipment Handling 
Devices-Built-in 

20. Equipment Handling 
Devices-Mobile 

21. Trash Handling 
Devices 

22. Special Features 

5-D. SELECTION PROCEDURE 

(a) High cost acceptable 
(b) Moderate budget desired 
(c) Lowest budget desired 

(a} Elaborate type considered essential 
(b) Simple type acceptable 
(c) Minimum or none required 

(a) Use preferred for all requirements 
(b) Used to supplement built-in 
(c) Not required due to elaborate 

built-in 

(a) Elaborate built-ins preferred 
(b) Simple built-ins found adequate 
(c) Vacuum trucks preferred 

(a) Pre-screening of debris from 
inf low 

(b) Vulnerability to hazardous spills 
(c) Epoxy coating and lining of pumps 
(d) Grease lubrication for pumps 
(e) Galvanizing of steelwork 
(f) Manifold to pressure discharge 
(g) Sediment and hydrocarbon removal 

from discharge 
(h) Emergency generator 
(i) Supervisory control (telemetering) 

In the selection of type of station and equipment, the designer 
will experience a number of inputs from various sources in 
developing the criteria. 

First are the site constraints, in other words, the items over 
which the designer has little or no control. These would 
mainly be the items listed in 5-C under: 

1. Station Design Capacity 
2. Station Design Head 
4. Quality of Water to be Pumped 
5. Inflow Rate 
6. Weather Conditions 
7. Discharge Conditions 

11. Station Siting 
12. Soil Conditions 
13. Foundation Conditions 
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The next consideration might be Item 3, Storage Upstream of 
Pumps. That is to study what effects the addition of storage and 
the resulting reduced inflow rate would have on the design. 
This would generally be the designer's own input as also might 
be Item 9, Electric Power Reliability. If sufficiently reliable 
electrical power is available at a reasonable cost, the designer 
would probably go with the option and eliminate the others 
from consideration; otherwise, consideration for the use of 
engine driven pumps or standby generator may be necessary, 
Item 10, Natural Gas/LPG reliability. Items 14 and 15, Above­
Ground Structure, and Structure Visibility, respectively, are 
more likely to rest with others than with the designer. 

Operation and Maintenance may be expected to offer strong input 
regarding the items listed in 5-C under: 

8. Sump Dewatering 
17. Maintenance Capability 
19. Equipment Handling Devices-Built-in 
20. Equipment Handling Devices - Mobile 
21. Trash Handling Devices 
22. The various Special Features 

It is assumed that Administration will set requirements regarding 
Item 16, Initial Cost, and Item 18, Operating Cost. For our 
example to follow, it is assumed that Administration has also 
decided on inclusion of Item 22 (i) Supervisory Control 
(telemetering} . 

The following hypothetical example is described in narrative 
form so as to be more illustrative, but the criteria items are 
covered in numerical sequence. Exam~le: To drain a section of 
highway running parallel to a tidal inlet, a pump station with 
discharge Q of about 75 cubic feet per second is required, 
having a maximum total dynamic head of about 20 feet. The 
collection system is extensive and provides good storage. Run-off 
is not highly silt-laden and prescreening at grating inlets is 
to be provided. Inflow rate is normal and weather conditions 
not severe, with long dry spells. A free discharge from pumps 
to receiving tidewater can be provided, with station sited in the 
rear face of a levee which extends well above highest recorded 
tides. Soils are clay with no severe foundation difficulties 
anticipated. Electrical power is reliable, but single source, 
with no natural gas adjacent to site, so that electrically powered 
pumps are preferred with stand-by emergency generator. Operation 
and Maintenance prefers to dewater the sump with a view to 
minimizing corrosion, but sees little need for built-in handling 
devices except a simple electric hoist or jib-crane for trash 
handling. The economy of totally eliminating a protecting 
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structure has been considered, but a simple low-profile enclosing 
structure is favored with access easily provided from the top 
of the levee. This is in part due to the desire for maximum 
protection against vandalism. Telemetering is to be installed, 
largely to provide continuous intrusion alarm. It is considered 
that capital cost with the range of features listed will be mod­
erate and acceptable. An assessment of operating cost and the 
feasibility of an emergency generator to run the entire station, 
if necessary, depends on data explained in later Chapters, but 
simply stated here. Assuming a pump efficiency of 75%, three 
pumps of 75 hp would be suitable. An emergency generator 
capable of starting the third pump with two pumps running would 
not be of excessive size or horsepower. 

On the basis of the foregoing description of station features, 
the following Criteria Table is set up: 

1 (c) 7 (b) 13 (a) 19 (b) 

2 (b) 8 (a) 14 (b) 20 (b) 

3 (a) 9 (b) 15 (b) 21 (b) 

4 (b) 10 (c) 16 (b) 22 (a) 

5 (b) 11 (a) 17 (a) " (c) 

6 (b) 12 (c) 18 (b) " (e) 

" (h) 

5-E. SELECTION MATRIX II (i) 

Figures 5-1 is a matrix which matches the 16 type-variations of 
station and equipment options with the 22 items of criteria in (a) 
(b), (c) or other category. 

To each match a rating on a scale of 0 to 9 is given, 0 being 
represented by a black dot. Numerical values have been assigned 
with as much thought as possible, but some subjectivity is 
inevitable, and uniformity of the meaning of values assigned for 
different features is difficult to achieve. If a zero or black 
dot score is encountered at any point, that type of pump station 
should be considered unsuitable. Whereas the highest total 
score is intended to indicate the most suitable selection, it is 
more practical to consider that a score of 150 or more represents 
an acceptable choice. The Detroit type station 2-D (1) with 
emergency generator scores 195 when considered against the Example 
in 5-D. The rectangular pit 2-F (1) scores 193. 

The matrix should be used as a guide, not an absolute authority. 
But it is very helpful in deciding between alternates and as a 
check list. 
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DESIGN I\ 2 -B 2-C 2-D 2-E 2-F 2-G 2-H 2-J FEATURES 

1. Design 
a • . . 9 . 9 . i 9 9 . ~ . . . 9 

Capacity 
b 1 2 4 6 5 7 4 6 8 8· 4 7 2 4 . 8 

c 9 8 2 . 9 6 9 6 7 . 9 6 9 6 8 4 

2. D'esign 
a ~ 6 9 9 6 ~ 6 6 p 6 j ~· . . 0 6 

b 9 9 7 7 9 9 9 9 9 9 9 9 5 5 9 9 
Head c 7 7 4 4 7 7 7 7 7 7 7 7 9 9 9 9 

a fJ 9 9 9 ~ B 3 3 9 9 9 9 9 9 b b 
3. Storage b 5 5 6 6 8 8 8 8 9 9 9 9 9 9 6 6 

Upstream c . . 2 2 8 8 8 8 8 8 8 8 9 9 9 7 
a B a 8 18 ~ 2 12 12 12 12 2 2 9 9 B 8 

4. Water b 4 4 4 4 6 6 6 6 6 6 6 6 6 6 6 6 
Quality c 2 2 2 2 9 9 9 9 9 9 9 9 2 2 4 4 

a 9 ~ 19 9 b 8 4 6 19 19 rt> g [2 f2 19 9 
5. Inf low b 9 9 9 9 9 8 9 8 8 8 8 9 6 6 8 8 

Rate c 8 8 8 8 8 8 8 8 6 6 9 9 9 9 6 6 
a 9 9 l9 9 9 9 k5 6 9 6 6 6 12 2 9 9 

6. Weather b 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
Condition c 9 9 9 9 9 9 9 9 9 9 s 9 9 9 9 9 

Discharge 
a p p 14 4 l9 9 9 9 9 9 9 9 . . 8 8 

7. b 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
Condition c 9 9 4 4 6 4 6 4 4 4 L 2 6 9 . . 

a . . 9 9 9 9 9 9 9 9 9 [9 9 9 19 r.:1 
8. Sump b 5 5 5 5 5 5 5 5 5 5 5 5 5 5 . . 

Dewater c 9 9 s 9 9 9 9 s s 9 9 9 9 9 . . 

FIGURE 5-1. SELECTION MATRIX (Part 1) 

5-8 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



SELECTION 
MATRIX 

DESIGN 
FEATURES 

9. Elec.Pwr. 
Reliab. 

10. Nat. Gas/ 
LPG Des. 

11. Station 
Siting 

12. Soil 
Condition 

13. Found. 
Invest. 

14. Above Gr. 
Struct. 

15. Struct. 
Visible 

16. Initial 
Cost 

17. Maint. 
Capab. 

ti 18. Oper. 
Cost 

19. Handling 
Built-in 

20. Handling 
Mobile 

21. Trash 
Handling 

22. Special 
Features 

r.x:I - - - - - - - - - - - -0.. r-1 N r-1 N r-1 N r-1 N r-1 N r-1 N 
>i - - - - - - - - - - - -8 

~ 2-B 2-C 2-D 2-E 2-F 2-G 

a 9 9 9 9 9 9 6 6 9 6 2 2 
b 6 6 6 6 6 6 9 9 6 6 8 8 

c 2 2 2 2 2 2 ~ 8 2 9 9 9 
a . . . . . . 19 19 . !9 19 9 

b . . . . . . 6 6 . 6 6 6 
c 9 9 9 9 9 s . . 9 . . . 

a 19 9 9 i;J !9 9 i9 9 9 9 9 9 
b 6 6 6 6 6 6 4 4 6 4 6 6 

c 2 2 . . 2 2 2 2 4 4 2 2 
a 2 2 2 2 . . . . 12 2 . . 

b 9 9 9 9 2 2 2 2 6 6 2 2 
c 9 9 8 8 9 9 9 9 8 8 9 9 

a 9 9 9 9 6 6 6 6 9 9 6 6 
b 6 6 6 6 2 2 2 2 6 6 2 2 

c 2 2 4 4 ~ 2 . . . . . . . 
a 2 2 9 9 4 4 9 9 9 9 9 9 

b 9 9 6 6 6 6 8 8 8 8 8 8 
c 4 4 2 2 8 8 3 3 . 2 2 2 

a 2 2 9 9 6 6 8 8 a 9 8 ~ 
b 9 9 4 4 8 8 8 8 6 6 8 6 

c 4 4 . . 9 8 6 6 2 2 6 4 
a 2 2 9 19 6 7 7 8 7 9 7 8 

b 9 9 3 3 9 9 8 8 7 6 7 7 
c 2 2 . . 8 8 6 4 4 . 4 4 

a 6 6 9 9 6 6 9 9 8 9 9 9 
b 8 8 8 8 8 8 8 8 8 8 8 8 

c 9 9 2 2 8 8 6 6 7 6 6 5 
a 6 16 s 9 b 6 8 8 9 9 8 8 

b 8 8 4 4 8 8 6 6 8 8 6 6 
c 9 9 2 2 8 8 4 4 8 6 6 6 

a 2 2 9 9 4 5 8 8 6 8 4 14 
b 6 6 4 4 6 6 8 8 8 8 8 8 

c 8 8 . . 8 8 4 4 9 8 9 9 
a 9 9 . . 9 9 8 8 ~ 8 9 9 

b 6 6 6 6 6 6 6 6 6 6 8 8 
c 2 2 9 9 2 2 2 2 2 4 2 2 

a 2 2 9 9 3 3 8 8 f4 6 4 f4 
b 4 4 8 8 6 6 9 9 2 2 6 6 

c 9 9 2 2 9 9 9 9 . . 9 9 
a 9 9 4 4 6 6 6 t) t) 6 6 6 

b 9 9 4 4 4 4 4 4 4 4 4 4 
c 9 9 9 9 9 9 9 9 9 9 9 9 

d 9 ~ 9 9 9 9 9 9 ~ 9 9 9 
e 9 9 9 9 9 9 9 9 9 9 9 9 

f 4 3 4 3 4 3 4 3 4 3 4 3 
g 9 9 9 9 9 9 s 9 s 9 9 9 

h 9 9 9 9 9 9 . . 9 . . . 
i 9 9 9 9 91 9 9 9 9 9 9 9 

FIGURE 5-2. SELECTION MATRIX (Part 2) 
(Read in conjunction with Figure 5-1) 
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- - - -r-1 N r-1 N - - - -
2-H 2-J 

9 9 9 9 
6 6 6 6 

2 2 2 2 
. . . . . . . . 

9 9 s 9 
9 9 9 9 

8 8 8 6 
4 4 4 4 

4 4 2 2 
8 8 4 4 

6 6 8 8 
9 9 9 9 

4 4 4 4 . . . . 
8 8 4 f4 

9 9 6 6 
8 8 8 8 

9 9 2 2 
8 8 6 6 

4 4 ,. 9 9 
6 6 12 2 

6 6 6 6 
4 4 9 9 

6 6 6 6 
8 8 8 8 

8 8, 8 8 
8 8 14 5 

6 6 6 7 
6 6 9 9 

8 8 . . 
8 8 6 6 

8 8 9 9 
9 9 9 9 

6 6 4 4 
~ 2 . . 

4 4 2 2 
6 6 6 6 

9 9 9 9 
4 4 6 6 

4 4 2 2 
9 9 9 9 

9 9 . . 
9 9 9 9 . . 4 3 

9 9 9 9 
9 9 9 9 

9 9 9 9 
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5-F. SUMMARY AND CHECK LIST 

The type of station selected must balance capital cost, operating 
cost and reliability. The following are helpful in determining 
this balance: 

1. Electrical power, the cheapest, should have dual service 
to minimize the risk of expensive service interruptions. 
Where dual service is not available, an emergency genera­
tor is recommended. 

2. Large engines running on natural gas are very reliable, 
but costly to install, particularly if a large building 
and overhead crane are provided. Reliability is in­
creased even more with on-site LPG storage. 

3. Reliable protection is afforded by smaller engines with 
LPG storage only, housed in a minimum structure without 
overhead crane facilities. These drivers do not require 
expensive maintenance. The capital cost will be higher 
than the cost of electric motors. 

4. One gas-engine driven pump with two or more electric 
driven pumps of the same size provides a compromise of 
annual energy costs at reasonable additional capital 
outlay, while enhancing reliability. 

5. The use of combination drive with electric motor and 
engine being interchangeable is not advised unless a 
magnetic clutch is provided. This disengages the motor 
in the event of power failure and the engine then starts 
automatically in response to sensing of water level. 

6. All pumps for a given station should be of the same 
type, except for the sump or clean-up pump, if used. 
Vertical pumps are the usual type, with a submersible 
sump pump. 

7. Screw pumps provide an interesting and apparently cost 
effective solution, especially for the lowest heads. 

8. Three vertical motor-driven pumps or multiple submersible 
pumps with minimum sump construction are the most cost 
effective. An emergency generator increases reliability. 

9. The expense and complexity of manifolding a number of 
pump discharges into a single discharge line is seldom 
warranted in normal stormwater pumping applications. 

10. Simplicity in mechanical and electrical design reduces 
operating and maintenance costs, as typified by the dry­
pit station with non-clog horizontal centrifugal pumps. 

* * * * * * * * * 
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CHAPTER 6. WET-PIT DESIGN 

6-A. GENERAL 

Examples of wet-pit stations were illustrated in Chapter 2. -
Review of Current Practice. This chapter discusses the design 
of wet-pit stations with attention concentrated on the pump pit 
configurations required or utilized for the various types of 
pumps and pump settings. Consideration is also given to neces­
sary details of the pumps and accessory equipment which are 
installed. These details may vary from one type of wet-pit to 
another, even though the same basic type of pump is used. 

Pumps used in wet-pit pump stations are of three types - verti­
cal, screw or submersible. Vertical Pumps are the most commonly 
used, and the Hydraulic Institute has conducted extensive re­
search on the rectangular pits in which they are usually in­
stalled. This has resulted in comprehensive dimensional criteria 
based on the pumps suitable for a particular application. Be­
cause pump pits complying with these criteria were believed by 
other researchers to be deep and expensive, they developed alter­
nate criteria whereby shallower pits could be used. This in­
volves modifying the pump bells by adding suction umbrellas. 

Sometimes vertical pumps are installed in circular caissons, and 
criteria for this type of wet-pit are also given in this chapter. 
Screw pumps are frequently designed for 30° inclination and as 
this approximates to a 1-1/2:1 slope ratio, this inclination is 
utilized and illustrated. For submersible pumps, a manufacturer 
has developed criteria which can be applied when multiple pumps 
are used in a rectangular pit. These subersible pump criteria 
become important when the pumps are in the larger sizes; for 
smaller submersible pumps it is satisfactory to use simple rec­
tangular or circular pits, often precast boxes or pipe sections. 

The submersible pump is now also becoming available in a vertical 
propellor configuration, where in higher capacities at lower 
heads it competes more directly with the conventional vertical 
pump. Similar types of pump pit configuration are required. 

This chapter is primarily descriptive in nature, comparing 
various types of wet-pit. Numerical examples based primarily on 
Section 6-B will be found in Section 6-C and in Chapters 8, 9 
and 15. An example on large submersible pumps is included in 
Section 6-H. 
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0 :e ::c z ::> 
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VI -
:E llJ ~ 
::> 0 :::E 

~ 
)( 

<t 
:::E 

.&::. 

FLOW -
VI 

:c 

SUCTION 
UMBRELLA 
MAYBE FLAT 
PLATE BUT 
DISHED 
PREFERRED. 

THESE VARY FROM MINIMUMS AT MIN. WATER LEVEL 
TO MAXIMUMS AT MAX. WATER LEVEL.* V

2
12g VELOCITY HEAD} 

-r-::::===t- FRICTION 8 OTHER 
LOSSES 

-'----+---"~-~-----'---o-ti---

~--- SHAFT TO 
DRIVER 

r~~w 
DISCHARGE PIPE 
LENGTH TO SUIT 

--------r--.-WPJER Sl..lfi'a: 
ti RECEIVING 
CHANNa 

----0---FLAP-GATE. 

~ 
::c 

(.) 

l'.5 fi 
(ii t; 
~ 

DESIGN WATER-LEVEL .., 
1~--;-~--r----~---------------------~s 

MIN, 

MAIN PUMP STOP LEVEL 
PIT IS DEWATERED BY SUMP 
PUMP ONLY BELOW THIS LEVEL. 

:::E x 
~ 

W.L. ....,,.... 

* BECAUSE THE PUMP DISCHARGE WILL 
"' • •• I> 

BACK WALL 

BE LEAST AT MINIMUM WATER LEVEL 
INCREASING TO GREATEST AT MAXIMUM 
WATER LEVEL. 

FOR EXPLANATION OF THE SYSTEM HEAD 
CURVE, REFER TO CHAPTER 8.- PUMPING 
AND DISCHARGE SYSTEMS. 

ALL UNITS BELOW ARE IN FEET, FT 2, FT/SEC OR GALS/MIN 

Ap= CROSS-SECTIONAL AREA OF THE PUMP COLUMN 
B = MAXIMUM DISTANCE FROM CENTERLINE OF PUMP TO BACKWALL 
Ba= BACKWALL CLEARANCE WITHOUT SUCTION UMBRELLA 
850= BACKWALL CLEARANCE WITH SUCTION UMBRELLA 
C = BOTTOM CLEARANCE (UNDERSIDE OF BELL TO BOTTOM OF PIT) 
D = PUMP BELL DIAMETER (WITHOUT SUCTION UMBRELLA) 
Dsu • PUMP SUCTION UMBRELLA DIAMETER 
\J = ACCELERATION OF GRAVITY- FEET PER SECOND2 

H " MINIMUM DIMENSION FROM MINIMUM WATER-LEVEL TO BOTTOM OF PIT 
Ah:. PUMPING RANGE FOR MAIN PUMPS OF STATION. 
hf = FRICTION HEAD LOSSES 
hp = COLUMN AND ELBOW LOSS 
hs = STATIC HEAD 
hv = VELOCITY HEAD LOSS 
M = SPACING OF PUMPS, CENTER-TO- CENTER 
n = MANNING FRICTION FACTOR USUALLY= .013, APPLICABLE TO DISCHARGE PIPE. 
Q = FLOW- G.P.M. FOR PUMPS- C.F.S. FOR INLET AND DISCHARGE LINE. 
S = MINIMUM SUBMERGENCE AS REQUIRED FOR PROPER PUMP OPERATION. 
TOH= TOTAL DYNAMIC HEAD;TOTAL OF STATIC HEAD,VELOCITY HEAD, FRICTION aOTHER LOSSES 
Va = VELOCITY OF FLOW AT PERIPHERY OF SUCTION BELL 

2 
Ve = VELOCITY OF FLOW IN PUMP COLUMN (USE FOR VELOCITY HEAD, V /2g). 
V0 = VELOCITY OF FLOW IN DISCHARGE LINE(S) 
V1 = VELOCITY OF FLOW IN INLET PIPE. 
VsF = VELOCITY OF STREAM FLOW IN PUMP PIT. 
Vsu = VELOCITY OF FLOW AT PERIPHERY OF SUCTION UMBRELLA. 
VTR= VELOCITY OF FLOW AT TRASH RACK. 

FIGURE 6-1 PUMP PIT AND PUMPING, TERMINOLOGY 
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RECOMMENDED PUMP PIT DIMENSIONS IN INCHES 

THE ABOVE IS REPRODUCEO FROM HYDRAULIC INSTITUTE STANDARDS 
(NOTE1 DIMENSIONS J AND MANO VELOCITY VsF ARE SHOWN AS A,S a Ve 

RESPECTIVELY IN THE ORIGINAL) 

,, 

f 

I 
I 

e:; v 
w 

500 

J = MINIMUM DISTANCE FROM TRASH RACK TO BACKWALL (LENGTH OF PUMP PIT). 

VsF= MAXIMUM VELOCITY OF STREAM FLOW (0.5 FT./SEC. RECOMMENDED). 

B = MAXIMUM DISTANCE FROM CENTERLINE OF PUMP TO BACKWALL. 

C = AVERAGE DIMENSION FROM UNDERSIDE OF BELL TO BOTTOM OF PIT. 

H = MINIMUM DIMENSION FROM MINIMUM WATER-LEVEL TO BOTTOM 
OF PIT. 

M,. MINIMUM CENTER-TO-CENTER SPACING OF PUMPS. 

Y ,. MINIMUM DISTANCE TO PUMP CENTERLINE FROM DOWNSTREAM END 
OF ANY OBSTRUCTION IN SUMP (OBSTRUCTION MUST BE STREAMLINED.) 

FIGURE 6-2 . RECOMMENDED PUMP PIT DIMENSIONS 
PER HYDRAULIC INSTITUTE STANDARDS 

6-3 

10 00 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



TIE EMPHASIS IS ON STREAMLINED FLOW 
AT LOW VELOCITY DIRECTLY lOTHE ROW OF 
PUMPS LOCATED Q.DSE TO TtE BACKWALL. 

COWMNS, 
IF REQUIRED FOR 
STRUCTURAL SUPPORT. 
STREAMLINED 
CONFIGURATION-----

INLET PIPE 

BAR SCREEN TRASHRACK 

J (MINIMUM PER FIG 6-2) 

y B 

D Ba 

Bsu 

PUMP PIT 

SUMP FOR SUMP 
PUMP NOT SHOWN 

C\I 

' ::E 

INTERPOLATE 
wt£REMOTOR 
llWEN PUMPS 

:.::E ARE OF 
CFFERENT SIZES. 

PLAN --

:Ji 

PUMP STATION FLOOR 
GRADE 

INVERT OF INLET PIPE MAYBE 
NEAR BOTTOM OF PUMP PIT 
IN WHICH CASE BOTTOM SLAB 
OF TRANSITION HAS ONLY 
NOMINAL SLOPE FOR BAR SCREEN 

INSIDE OF 
STRUCTURE 

DRAlNPGE. TRASHRACK---r-~ n_ 
I 

HIGH 
WATER LEVEL 
~ 

PIPE 

SLOPE FROM 
INVERT OF 
INLET TO BOTTOM 
OF PUMP PIT 

B • .75 D 
Ba= .25 D 
Bsu• • 10 D 
C = .50 D MINIMUM 
D " FROM MANUFACTURERS' DATA (VARIES). 
Ds = AS REQUIRED FOR Vsu = 2 FT /SEC 

(REFER TO FIGURE 6-5) 
M s AS FIGURE 6-2, BUT 2 D MINIMUM 

FOR MOTORS AND 10'-0" MINIMUM 
RECOMMENDED FOR ENGINES 

S = SUBMERGENCE REQUIREMENT FROM 
MANUFACTURERS' DATA (VARIES). 

Y-tB•JMIN.(OBSTRUCTIONS DOWNSTREAM OF 
TRASHRACK NOT RECOMMENDED BUT MAY 
BE NECESSARY FOR SUPPORT OF ENGINES) 

-IMPELLER/ 
PROPELLER 

LOW 
WATER LEVEL 

V8 = 4 0 FT /SEC IS USUAL MAXIMUM BUT 
MAY DIFFER FROM ONE MANUFACTURER 
TO ANOTHER 

Ve : 10 0 FT /SEC MAXIMUM , LESS 
PREFERRED 

Vo • 7 0 FT /SEC RECOMMENDED 
MAXIMUM 

V1 = 7 0 FT /SEC RECOMMENDED 
MAXIMUM 

Vsu= 2 0 FT /S~C MAXIMUM, LESS 
RECOMMENDED 

VTR" 2 0 FT /SEC MAXIMUM, LESS 
RECOMMENDED 

VIF'• 2.0 FT /SEC MAXIMUM, LESS 
RECOMMENDED 

FIGURE 6-3. RECOMMENDED CRITERIA FOR RECTANGULAR 

PUMP PIT WHERE DEPTH IS MINIMIZED. 
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6-B. VERTICAL PUMPS IN RECTANGULAR PITS 

Figure 6-1 shows the relationships between pump, water levels, 
submergence and total dynamic head, with applicable terminology 
explained. Figure 6-2 shows sump dimensions plotted against pump 
capacities. Figure 6-3 shows a typical rectangular pump pit 
with various items and critical dimensions identified. The in­
formation set out in these three figures is a composite which 
has been developed from the recommended criteria of the Hydraulic 
Institute Standards and further research by Los Angeles County 
Flood Control District. If reference to original sources is 
desired, see the Hydraulic Institute Standards themselves, and 
the Los Angeles Country Flood Control District Design Manual 
Pump Station, as referenced in Appendix B - Bibliography. 

The basic criteria of the Hydraulics Institute are shown in 
Figure 6-2 and their utilization is recommended, with the proviso 
that the latest revisions be utilized, if differing from the 
examples or figures herein. Attention is drawn to the use of 
symbol M for center-to-center spacing of pumps in lieu of S in 
the original. The symbol S, with or without sub-scripts, is more 
appropriately used for pump submergence. Some other symbols are 
also changed to avoid incompatibilities between the sets of 
criteria illustrated. 

An important feature of the Hydraulic Institute and the Los 
Angeles County criteria is that water velocity in the pump pit 
should be low and that the two or more pumps should be set at 
right angles to the direction of flow, with minimum clearance 
between pumps and back wall. Pump submergence below low water 
level is equal to or greater than manufacturers' published fig­
ures, except when suction umbrellas are used. Note that some 
manufacturers may use smaller bells than others for pumps of the 
same capacity. Required submergence may also differ, in general 
varying inversely with the bell diameter. Definition of terms 
will be found in Section 6-C and more details will be found in 
Chapter 9. - Pumps for Stormwater Applications. 

The criteria emphasize an upstream trash rack and streamlined flow 
throughout the length of the pit, without disturbances which 
would cause eddy currents and contribute to the formation of 
vortexes. Vertical columns may be placed in the pump pit between 
the trash rack and the pumps, provided they are streamlined and 
dimensional limits are observed. Sometimes these vertical 
elements are used to more directly channel the flow to the pumps, 
or to form cells for individual pumps. On other occasions, 
their primary purpose is to provide direct support under engines 
or other equipment which might otherwise cause vibration. Model 
tests formed an important part of the development of the 
Hydraulic Institute criteria. 
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Research of the Los Angeles County Flood Control District, who 
also had the capacity to conduct model tests, was directed in 
part to the use of umbrellas to reduce the submergence require­
'men ts and the required depth of the pump pit. The length and 
breadth of the pit conform to the Hydraulic Institute recommenda­
tions but the District's Standards as set forth in their Design 
Manual appear to represent that there should ideally be no ob­
struction in the pump pit between the trash rack and the pumps 
to interfere with streamlined flow. When pumps are driven by 
reciprocating engines upstream of the pumps, this may introduce 
an incompatibility. Such engines usually require direct vertical 
support beneath them to absorb unbalanced vertical forces gener­
ated during their operation. Therefore vertical columns or walls 
of some streamlined configuration should be provided under any 
engines utilized as pump drivers. It is inadvisable to carry 
engines on members spanning as beams because dynamic effects may 
cause objectionable vibrations. Unless direct support for 
engines by columns is provided, it is essential that deep members 
subject only to minimal flexural stress be provided to transfer 
all forces to the exterior of the pump pit structure. 

In the recommended configuration of a rectangular pump pit, the 
pumps are placed in a straight line perpendicular to the direc­
tion of flow, with certain minimum spacings between pumps, 
depending on pump capacity and bell diameters. Ten feet minimum 
spacing is recommended when pumps are driven by engines. Spacing 
can be less with motors, but to meet electrical requirements 
at least 3 feet clear between motors is recommended. This is 
usually compatible with 2D minimum shown for M in Figure 6-3. In 
a multiple pump installation, all pumps may have equal capacity, 
but as explained in Chapter 4. - Collection Systems, study of the 
inflow hydrograph may indicate that pumps of two sizes would be 
more suitable. Where more than one size of pump is selected, it 
is satisfactory to interpolate conservatively to determine 
the minimum spacing between pumps. Smaller pumps will be closer 
to the backwall than larger pumps. 

Clearance of pump bells from the backwall and from the bottom of 
the pit are closely controlled, as is the minimum submergence 
of the pump bells below the lowest water surface. Failure to 
observe these recommendations can result in a pump not operating 
satisfactorily, or in one pump interfering with the operation 
of. another. This results in reduction in performance below design 
levels, coupled with possible damage to pumps due to cavitation, 
a condition which is described in Section 6-C. 

Only when pumps are very small (about 5 cfs capacity) should an 
integral suction basket be considered. For larger pumps, a trash 
rack is essential to protect the pumps by screening out objects 
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large enough to cause damage. The distance from trash rack to 
backwall should be a minimum of five pump bell diameters to 
ensure smooth flow to the pumps. This should be checked against 
J in Figure 6-2 and Y & B in Figure 6-3. If inconsistencies 
result, it is better to have a longer distance in front of the 
pumps. Backwall clearance must always be kept to a minimum. 

The inlet drain line should be located on the station center-line 
with a symmetrical flared transition from the inlet drain line 
to the full width of the rectangular pit. This reduces the 
velocity of the water approaching the pumps. Approximately 
0.5 ft./sec. is desirable. This in turn encourages settlement 
of suspended solids on the bottom of the pit, reducing the wear­
and-tear on the pumps. For flow velocities and quantities 
encountered in stormwater pump station design, the divergence 
angle of the transition walls should be 45°. Where the invert 
of the inlet is above the bottom of the pump t, the bottom 
slab of the transition should slope down uniformly to the bottom 
of the pump pit. Provided the recommended dimensional limits 
are observed, there will be an evenly distributed flow of water 
to the pumps. 

Close attention must be paid to ensuring a streamlined flow and 
eliminating obstructions which cause eddy currents and promote 
the formation of vortexes. Stairways, for instance, should not 
be located in the flow to the pumps. Vortexes are a swirling 
action related to a partial vacuum in the pump bowl. They begin 
at the water surface and can become a hollow piping drawn down 
through the water until air can enter the pump below the suction 
bell. A placid water surface helps minimize vortexes. J.L. Dicmas, 
an independent researcher studying reduced submergence, related 
the effect of vortexes to suction bell velocity and submergence. 
This is illustrated in Figure 6-4 and described in Section 6-C. 

Vertical pumps are available with several different types of 
drive-shaft construction and lubrication. Pumps with oil­
lubricated lineshaft bearings in an enclosing tube are to be 
preferred, but pumps with open shafts and grease lubricated 
bearings have been successfully used. Vertical pumps in rectangu­
lar pits can be driven by electric motors or by engines. With 
the usual size of pump that would be suitable, the permissible 
center-to-center spacing with electric motors would be less than 
the ten-foot spacing recommended for access and clearance around 
engines. 

With the emphasis on absence of obstructions in the water flow 
in shallow pits, there may be some reluctance to provide 
interior columns to support engines, but without columns or 
other direct support, completely vibration-free operation is 
unlikely. To provide a satisfactory minimum value of Y 
(Figure 6-2), the pump pit may need to be lengthened more than 
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would be required to meet other minimums. Longer-than-normal 
drive-shafts between engine and pump gear-head are sometimes 
necessary so that the supporting column under the engine is far 
enough upstream from the pump. With electric motors dimensional 
criteria can usually be satisfied with a shorter pit than would 
be required for engines. Computations for sump dimensions to 
suit selected equipment are given in Chapter 15. - Station Design 
Calculations and Layouts. 

Rectangular pits are usually designed with a sump pump which 
can be used as needed to dewater the pit partially or completely. 
Sometimes there will be a continual minor inflow of water into 
the station so that the sump pump will operate frequently to 
discharge this. Sump pumps, sometimes termed low-flow pumps, are 
conveniently of submersible type and need have a capacity of 
only 300 - 500 gpm. Because this discharge very small compared 
with the main pumps, it is usual to install a high-level cut-off 
switch to shut off the sump pump when the main pumps are operating. 

Accumulations of trash upstream of the trash rack and deposits 
of mud and silt in the pit itself need to be removed as a 
maintenance function. Adequate access, working room and 
hoisting equipment must be provided, with good water supply. 

6-C. SUBMERGENCE, NPSH, NON-VORTEXING CRITERIA 
AND PUMP PIT DEPTH. 

The definition of several terms is appropriate at this point for 
proper understanding of the manner in which a vertical pump 
operates, and the necessity for maintaining conditions under 
which operation will be satisfactory. Referring to Figures 6-1 
and 6-3, the pump bowl and impeller will be observed. The im­
peller rotates inside the bowl and imparts energy to the water 
which is raised up the pump column. In order for this opera­
tion to be satisfactory, the submergence, which is the distance 
from the water level to the underside of the pump bell, must be 
equal to or exceed a dimensional value established and published 
by the pump manufacturer. The internal relationship of the 
impeller to the underside of the pump bell is determined by the 
pump manufacturer and need not concern the pump station designer. 
He works with the manufacturer's published dimension for sub­
mergence which has been determined to be the minimum sufficient 
to avoid cavitation. This phenomenon is the condition of 
partial vacuum which occurs inside the pump bowl due to insuf­
ficient net positive suction head caused by insufficient sub­
mergence of the bottom of the bowl below the water level. As 
a result a vortex forms and air is drawn into the pump with the 
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water. At the best, cavitation reduces the efficiency of the 
pump performance; at the worst, it can cause severe damage to the 
pump by erosion of metal from the pump impeller or bowl. 

Another definition required at this point is the difference 
between the term propellor as used in Figure 6-1, and impeller 
as used in Figure 6-3 and subsequently. A propeller, named 
because it is so shaped, is used in low-head axial-flow vertical 
pumps; an impeller, of more complex shape, is used in mixed­
flow pumps required to operate at higher heads. See Chapter 9 -
Pumps for Stormwater Applications. Submergence, cavitation, 
vortexing and NPSH apply fully to both propeller pumps and 
pumps with impellers. The terms propellor or impeller may be used 
interchangeably in this section. 

Net positive suction head, NPSH, is the pressure required to 
prevent cavitation at the pump impeller. This required or mini­
mum NPSH is determined by test and is stated by the pump manu­
facturer. The operating or available NPSH must be equal to or 
greater than the required NPSH if cavitation to be prevented. 

NPSH available = Pa ~ Pvp + s _ hf 

where: Pa = absolute pressure at water surface 

Note: Provision of 
sufficient NPSH should 
always be checked. 
It applies to all 
types of pumps. 

Pvp = vapor pressure of liquid being 
pumped corresponding to the tem­
perature at the pump inlet 

S = elevation difference between 
liquid level and impeller eye 
(positive or negative) 

= friction head between suction 
line and impeller inlet 

= density of liquid being pumped. 

The units in the above equation must be chosen so that each term 
represents feet of the fluid being pumped. For vertical wet-pit 
pumps, hf can be ignored, and r is 1.0 .. When.pumping 70°F 
water at sea level, an NPSH of 33 feet is equivalent to zero 
water depth over the impeller eye. If the NPSH required by the 
pump is greater than 33 feet, the difference is the required water 
depth over the impeller eye. Note that the manufacturer states 
his required submergence which the pump station designer must 
provide or exceed. The designer is not directly concerned with 
the numerical value of NPSH which is discussed here solely for 
better understanding of pump operation. It may be likened to a 
person drinking a fluid through a straw by creating internal 
suction. Within limitations, atmospheric pressure will force the 
fluid up the straw. 
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J.L. Dicmas in his work provided a relationship between the 
velocity of the water at the periphery of the suction bell, and 
the submergence requirement in terms of the suction bell diameter. 
In general, the greater velocity the greater the submergence 
required. Referring to Figure 6-4, it will be seen that Dicmas 
described three types of vortex: · 

Type I vortexes are the very start of vortex action as 
tiny bubbles of air are pulled into the pump. They are 
not detrimental to pump performance. 

Type II vortexes form for less than 30 seconds and pull 
air and floating debris into the pump, intermittently 
affecting capacity and horsepower. 

Type III vortexes are continuous and allow large amounts 
of air and debris into the pump accompanied by sucking 
noise. This is the cavitation condition, which is to 
be avoided. 

Pump operation should be in the no-vortex range if possible. 
However, excursions into the Type I range are permissible and 
may occur when the pump-pit depth is minimized by the use of 
suction umbrellas, as described in Section 6-B, and explained 
in more detail hereunder. 

The suction bell velocity is used in determining submergence 
requirements for non-vortexing. 4.0 ft./sec. is the usual 
maximum as shown in Figure 6-3, resulting in a required sub­
mergence of about l.SD, see Figure 6-4. 

The suction bell velocity is given by 

V = flow = B 
area 

cfs where: 

.785D2 

v8 = suction bell velocity, ~ps 

D = bell diameter, ft. 

The pump discharge at the minimum water surface elevation should 
be used in calculating bell velocity. This discharge and the 
resulting bell velocity will be less than at design water level. 
See Chapter 4, Section 4-I. Even so, it becomes evident that 
the standard manufactured pump bell is too small in diameter 
to provide the minimum submergence which is necessary to reduce 
the pump pit to minimum depth. Therefore a pump bell is 
frequently enlarged by the use of an umbrella, which is a dished 
or flat plate bolted to the underside of the pump bell. The 
umbrella is sized so that the velocity of water at its periphery 
is not more than 2 feet per second. Figure 6-5 relates standard 
umbrella diameters to pump capacity, based on this velocity. 
Other figures in Chapter 9. - Pumps for Stormwater Application~, 
illustrate the actual pumps and their components, and accessories 
such as umbrellas. 
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Therefore, as an alternate approach to the manufacturer's 
required submergence, the following non-vortexing criteria may 
be used. They apply only to rectangular pits with vertical 
pumps, and depend on suction umbrellas. The umbrellas are 
used to lower the inlet velocity and reduce the submergence 
requirements. They should be employed whenever the reduction 
in submergence will allow a more economical pump pit. When 
suction umbrellas are used, a submergence-to-bell diameter 
{S/D) ratio of 0.8 may be used, or 0.85 to be conservative. 

Sometimes the inlet velocity cannot be reduced to two feet 
per second because of insufficient pump spacing. In such 
cases, the umbrella may be made smaller in diameter but the 
submergence must be correspondingly increased. Two hypothetical 
operating circumstances meeting the no-vortex condition can 
be investigated: 

(a) 

(b) 

For a 24" mixed flow pump, bell diameter is 
33-1/2" and bell area is 6.12 ft.2. At a flow 
of 15,000 gpm {33.33 cfs) suction bell velocity 
V is 5.44 ft./sec. From Figure 6-4, a value of 
S'D of 1.80 is required for the no-vortex range. 
Therefore submergence requirement is 1.80 x 
33-1/2 = 60.3". Manufacturer recommends 59" 
minimum submergence. 

With the same pump use a suction umbrella 60" 
in diameter (see Figure 6-5) . Umbrella area 
is 19.63 ft.2 and VB is 1.69 ft./sec. Submergence 
can be reduced to 0.80 bell diameter, say ?1". 

There is therefore a possible saving on the pit depth of 
approximately 33 inches. 

A numerical example can now be constructed, based on the 
station shown in Figure 4-9, for which S·torage and cycling 
computations were made. The first pump {Pump No. 1) with 
27 cfs capacity at design head was shown with ~h = 1.96 feet 
and a pump-stop level of El. -9.01. A discounted Q of 
25 cfs may be used on account of operation at minimum water 
level being considered. Using 25 cfs and an umbrella diameter 
of 48 inches results in VB = 1.99 ft./sec. <2.0. This can be 
verified from Figure 6-5. A suitable pump selected from a 
manufacturer's catalog on the basis of design Q and design 
head has a bell diameter D of 34 inches. Using O.BD, the 
submergence required is 27.2 inches= 2.27 feet. Bottom 
clearance C (Figures 6-3) is O.SOD = 17 inches = 1.42 feet. 
Therefore, elevation of bottom of pump pit to suit Pump No. 1 
is El. -9.01 - 2.27 - 1.42 = -12.70 minimum. 

However, we are also concerned with the staging of the other 
pumps. Chapter 15.- Station Design Calculations and Layouts 
will show that Pump No. 2 stop-level is El. -8.05. This pump, 
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selected as above, has a bell diameter D of 48 inches and an 
umbrella diameter of 72". 0.800 Submergence is 3.20 feet and 
bottom clearance is 0.500 = 2.0 feet. Therefore, the elevation 
of bottom of pit to suit Pump No. 2 is El. -8.05 - 3.20 - 2.0 = 
El. -13.25 minimum. In the actual construction, a bottom 
elevation of -14.22 was used at the perimeter of the pump pit 
slab, sloping down to -14.50 to drain into the sump pump pit. 
An S/D ratio of .85 was used in the design but bottom clearance 
was allowed to govern and actual S/D was 1.04. 

A circumstance which also adds its complications is that different 
manufacturers often have different established diameters for the 
bowls of pumps of the same capacity, and different requirements 
for submergence. As an example, four different makes of mixed­
flow pumps delivering 23,000 gpm at 24.5 tdh had bowl diameters 
varying from 37 inches to 48 inches. Since any one of the makes 
would meet specifications, it was necessary in the design to 
provide for this variation. Also, for the same size of pump, 
bowls for propeller pumps are larger than for mixed flow pumps. 
Since a suction umbrella sizing based on velocity of 2 ft./sec. is 
recommended, it would be possible to rewrite backwall and bottom 
clearances in terms of umbrella diameters based on this velocity. 

To summarize, it will be realized that it is a complex procedure 
to effectively optinize storage, pumping equipment, drivers and 
pump pit dimensions when vertical pumps are to be installed in a 
rectangular pit of minimum depth. Model testing as recommended 
by the Hydraulic Institute may be desirable to verify satis­
factory operation prior to completion of construction plans and 
specifications, unless above criteria have been closely followed. 

6-D. VERTICAL ELECTRIC PUMPS IN CIRCULAR CAISSONS 

A caisson is a hollow structure below the surrounding ground 
level. It may be of circular, rectangular or more complex 
shape on plan and may be constructed in various ways using 
poured concrete, cast-iron rings, steel sheet piling or precast 
concrete pipe. In this example, we will consider the circular 
type constructed by pouring a concrete ring wall at or above 
grade, then excavating inside the ring to cause it to sink 
into the ground. By adding concrete and continuing to excavate 
the bottom of the exterior structure will reach the intended 
elevation. At this point, the bottom is sealed, and the 
hollow shaft or pit is created, with internal work as required. 
The above-grade construction may be of the same circular plan 
and dimensions if sufficient floor area is provided. Figures 2-8 
through 2-10 illustrate a small station of this type. 
Figures 2-11 through 2-13 show how the superstructure is 
readily enlarged to provide more area for equipment. Three to 
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I 

Qi 

MINIMUM 
ANGLE---, 

HIGH WATER LINE 

NOTES 

TRASH RACK 

CAISSON I. D 

INLET DIA 

UNIT 
PUMP 

G. P. M. 

2000 

3000 

4000 

5000 

6000 

7000 

8000 

9000 

!0000 

15000 

20000 

25000 

30000 

35000 

40000 

MAXIMUM 
STATION 

G.P.M. 

10000 

15000 

20000 

25000 

30000 

35000 

40000 

45000 

50000 

75000 

100000 

125 000 

150000 

175000 

200000 

- DEPTH OF WATER BETWEEN HIGH WATER LINE AND LOW WATER LINE SHOULD BE DETERMINED BY 
MINIMUM STORAGE REQUIREMENT TO ALLOW FOR NORMAL MOTOR •ON - OFF• CYCLING 

- INLET DIAMETER ANO TRASHRACK AREA ARE BASED ON MAXIMUM STATION GALLONS PER MINUTE 

- FACE OF BUTTRESS CAUSES BIFURCATION OF INFLOW 

CAISSON 
I. D. 

FT. 

17 

17 

20 

20 

20 

20 

20 

20 

20 

25 

30 

35 

40 

40 

40 

MIN. MIN. MAX. MIN. 
ANGL.£ INLET B c 
DEGR~ DIA.IN. INCHES INCHES 

30 36 18 9 

30 36 18 12 

30 6 24 12 

30 42 24 us 

30 42 24 15 

40 48 30 15 

40 48 30 15 

45 54 30 18 

45 66 36 21 

45 72 42 24 

45 84 48 24 

45 96 54 30 

45 96 60 30 

45 108 60 36 

45 108 60 36 

FIGURE 6 - 6. CRITERIA FOR SPACING AND SUBMERGENCE OF VERTICAL PUMPS IN 

CIRCULAR CAISSON-TYPE PUMP STATION 

MIN. MIN. TOTAL 

s 
INCtES AREA-FT2 

28 80 

32 90 

36 112 

40 !28 

42 150 

45 160 

48 170 

54 185 

60 280 

66 375 

76 465 

84 600 

90 650 

96 750 

96 800 
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five pumps, all of the same size, are usually installed. Upstream 
storage can be provided as shown in Figure 4-6 and in the 
example referenced, the usable storage is ample to satisfy 
cycling criteria. If storage were minimal and cycling a problem, 
there is no reason why a smaller pump should not be used to 
start. If two small pumps were used, symmetry could be 
preserved and alternating of starting could be arranged. 

Due to the layout of the pit, the inflow from the storm drain is 
forced to bifurcate and flow more or less equally in opposite 
directions around the circular centerline of the pumps, after 
passing through the trash racks. This effect and flow pattern 
is vastly different from the recommendations of the Hydraulic 
Institute in regard to rectangular pump pits, but the resulting 
operation is completely effective. It appears to depend 
primarily on providing ample submergence for the pumps which can 
be readily obtained by deepening the caisson. This is usually 
a minor cost. Criteria relating station capacity and 
dimensions, pump size and spacing, submergence and bottom 
clearance were lacking until developed specifically for this 
Manual by J.L. Dicmas, as shown in Figure 6-6. 

Many circular caisson wet-pit stations have been built without 
sump pumps to dewater them. The pump bowls and bells remain 
immersed below the low water level, unless a sump pump or 
ejector device is provided. Immersion is undoubtedly detrimental 
to the pumps, although no specific data is available. Of 
particular concern are periods of low flow where salt-laden 
run-off will stand in the wet well. Significant amounts of sand 
and silt may also accumulate. A preferred treatment is to remove 
the standing water. A sump pump may repay its cost by cleaning 
the station of accretions and by reducing wear and corrosion of 
the main pumps. 

Because of the relatively small trash and debris storage capa­
bility provided in the caisson it is important to design the 
trashracks so they can be easily maintained. Access ladders, 
manholes, power operated crane hoists and provision for debris 
disposal must be built into the design. It is also important 
to have access to the area around the pump intakes as sand and 
silt may collect there. 

The caisson has a very small hydraulic storage and maximum storm 
drain inlet velocities of the order of 7 feet per second may 
occur. Therefore a great deal of the sand and silt that enters 
a station of this type passes immediately through the pumps. 
For this reason, the pumps should have special features differing 
from pumps for a rectangular pit.. They should have a lineshaft 
enclosing tube packed with a light hydraulic grease instead of 
the usual drip oiler system, and should have individual grease 
lines with Alernite fittings for each pump bowl bearing, with 
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grease seals to limit entrance of silt. The usual pump bypass 
port should also be modified to accept a grease line and fit­
tings. Mixed flow pumps should be used exclusively at reduced 
speeds, if necessary, rather than axial flow propeller pumps. 
See Chapter 9 - Pumps for Stormwater Applications. Impellers 
should be cast in aluminum bronze or similar abrasion resisting 
alloy. Compared with the rectangular pump pit, the caisson 
configuration provides simpler design solutions, but much of the 
text in Sections 6-B and 6-C will help basic understanding and 
should not be ignored. 

Note also that the rectangular wet pit and the storage-box 
shown for the dry-pit stations in Figures 2-2 and 2-3 provide 
for depositing grit, debris and suspended solids upstream of the 
pumps. This results in a cleaner effluent, important where water 
quality is a consideration. By contrast, a downstream separation 
structure was required for the large caisson-type wet pit station 
shown in Figure 2-14 in order to satisfy environmental considera­
tions. 

6-E. CIRCULAR CAISSONS WITH ENGINE-DRIVEN VERTICAL PUMPS 

Two designs utilizing caisson construction with engine-driven 
pumps are illustrated in Chapter 2. - Review of Current Practice. 
See Figures 2-15 through 2-17 and 2-20 through 2-23. The spec­
ific criteria used for pump spacing and submergence in these 
stations is not known. Generous submergence appears to be the 
primary reason for the good performance level reported. Accommo­
dating the pumps in a circular caisson is not difficult, but 
when engines are used as drivers, more area is required. Conse­
quently the engines are housed in a separate above-ground rec­
tangular structure. This may be concentric with the caisson or 
may be suitably offset to provide necessary clearances. The 
design illustrated in Figures 2-15 through 2-17 utilizes true 
caisson construction; that is, the concrete sections are sunk 
into the ground. The invert of the storm drain inlet is set 
well above the bottom slab of the caisson and there is ample 
submergence for the pumps. A baffle wall is constructed on the 
centerline of the pump pit, thus limiting the influence of one 
pump on the other. A deflector wall constructed near the mouth 
of the storm drain inlet divides the flow between the two pumps. 

The design illustrated in Figures 2-20 through 2-23 utilizes a 
circular pit. Only minimal usable storage results in the 
example shown, which is in accordance with desiqn data. See 
Figure 4-7. Rapid cycling has been observed in-operation. 
However, if the first pump start level were raised closer to the 
assumed design water level, the usable storage and the cycling 
time could be substantially increased. Since pump start-stop 
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6-18 

FIGURE 6-7. 
CIRCULAR PIT 
Construction in 
open cut where 
soil is favorable. 

FIGURE 6-8. 
RECTANGULAR PIT 
Vertical pumps under 
test by recirculating 
through discharge 
manifold 
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elevations are easily changed as an operating and maintenance 
function, this may have been done. 

The pump bowls are set in a small pit or sump below the main 
bottom slab of the circular pit. This provides greater submer­
gence for the pumps, but also serves to accumulate sand, silt 
and grit with potentially harmful effects on the pumps. Grease 
lubrication and other features as set forth in Section 6-D would 
be recommended. The curved trash rack which is only large 
enough to cover the pump sump appears to be susceptible to 
blockage; a vertical or steeply sloped trash rack near the drain 
inlet is preferable. 

A submersible low~flow pump serves to dewater the sump, but the 
small diameter discharge riser is susceptible to blockage by grit 
and rock particles, particularly since it has several elbows 
which restrict the flow. Enlargement of the discharge line and 
the elimination of elbows would be helpful. There should also 
be a flexible hose or slip-joint connection with guide-pipes to 
facilitate sump pump removal for inspection and maintenance. 

A number of stations to this standard design have been con­
structed. Caisson construction may have been used or intended 
but Figure 6-7 shows construction in progress in open-cut. Hard 
soil which can safely stand on a steep cut is favorable to this 
type of construction. 

6-F. SCREW PUMP STRUCTURES 

Figures 2-24 and 2-25 illustrate an enclosed structure which is 
rectangular in side elevation. Inlet, trash rack and stairway 
will be observed for a two-pump arrangement. An inlet transi­
tion is recommended with splay walls at 45°, combined with a 
trash rack across the entire width of all the screws installed. 
Figure 6-9 gives general data drawn from manufacturers' catalogs. 
In the figure, the distance between the trash rack and the 
touch-point has been exaggerated to display the hydraulic rela­
tionship. Notes address other pertinent features. 

An access stairway is usually constructed between a pair of 
screws, or in the case of multiple screws, sufficient stairways 
are provided for access to each screw. All screws should be 
covered for safety and handrails must be provided on the stair­
ways. It would be possible to construct a pump station with 
screw pumps more or less concealed in the side slope of a cut 
section, with the storage box below the pavement, inflow basin 
at the shoulder, and low profile screw pump installation set 
in the side slope, without the rectangular structure. The motor­
room would be at the top of the slope, with frontage road access, 

6-19 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



en 
I 

I\) 
0 

INFLOW BASIN 
INFLOW BASIN SHOULD BE OF SUFFICIENT SIZE TO REDUCE 
VELOCITY OF INFLOW SO THAT SUSPENDED SOLIDS WILL 
BE DEPOSITED. BASIN MAY SLOPE TOWARDS TOUCHPOINT 
OF SCREWS AND MAY BE DRAINED BY SUMP WITH SMALL 
SUMP PUMP. 

SCREW PUMP OPERATION 
THE FILLING POINT IS THE INTAKE WATER LEVEL AT WHICH THE SCREW PUMP REACHES ITS FULL 
CAPACITY, BEST EFFICIENCY AND HIGH POWER CONSUMPTION. IF LEVEL RISES ABOVE THIS POINT, 
CAPACITY REMAINS UNCHANGED BUT POWER CONSUMPTION AND EFFICIENCY WILL DECREASE. IF 
LEVEL FALLS BELOW THE FILLING POINT, CAPACITY, EFFICIENCY, AND POWER CONSUMPTION 
WILL BE REDUCED. IF LEVEL FALLS BELOW THE TOUCHPOINT, PUMPING WILL CEASE. 

DISCHARGE WATER LEVEL 

----------------.---------;------+-'"'1-_,,,,.~--~"==~--- DELIVERY POINT 

·• 

INFLOW 

BASIN) 
TRASH RACK 

PUMP EFFICIENCY 

DRIVING POWER 

DISCHARGE VOLUME 

TOTAL LIFTING HEAD 

BASIC SUCTION LEVEL 

-----<>--

LIFTING HEAD 

HYDRAULIC AND CONSTRUCTION DETAILS 

. ,.. 

4
11 

TYP. 

3
11 

GROUT 

A'.1! ·,, . ·,;. 
~ ... ~· . 

'· :.i ... ·.-b : • 

CONCRETE FORMING DETAIL 
CONCRETE AREA CROSS-HATCHED SHOULD 
BE PLACED IN A FINISHING POUR AFTER 
SCREW INSTALLATION, AND SHAPED TO 
MATCH THE SCREW BY ROTATING SAME. 

FIGURE 6-9. HYDRAULIC AND CONSTRUCTION DETAILS FOR SCREW PUMPS 

.. .,, 

... " " £ • • " 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.
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similar to Figure 2-7. This would appear to be a cost-effective 
and reliable type of installation. 

There is some limitation on the operating head of the screw 
pumps which is a function of the length and deflection of the 
screw. Larger screws are capable of spanning greater lengths 
and lifting through greater heads. Twenty-five feet of static 
lift is considered to be a maximum; this would suit many highway 
conditions. 

A gravity discharge into a receiving channel or drain line is 
essential, since there is no capability of pumping through check 
valves into a manifold and discharge line under pressure. 

Although domestic manufacturers of this type of pump refer only 
to electric motor drive, a foreign manufacturer shows details 
of diesel engine drive through a reduction gear. An emergency 
generator could be installed, or it would be possible to 
install natural gas engines to drive screw pumps if this type 
of driver is preferred because of reliability. 

6-G. CAISSONS OR PITS FOR SMALL SUBMERSIBLE PUMPS 

Compared with the other types of pump discussed in this chapter, 
small submersible pumps create fewer problems and less expense 
in the construction of a suitable pump pit. Figure 2-28 shows 
the use of large diameter precast concrete pipe as a caisson to 
accommodate five pumps. In addition to providing for low-flow 
conditions, the setting of the pumps at different elevations 
is a precaution in case of build-up of sand or silt in the 
bottom of the pit, lessening the number of pumps subject to risk 
of damage from this cause. Usually there will be a minimum of 
two pumps, but conceivably there are circumstances where a 
single pump would be satisfactory. 

For very small stations with only one or two pumps, smaller cir­
cular pits can be constructed of concrete pipe, as illustrated 
in Figure 6-10. Pumps can discharge through flexible hoses, or 
through rigid pipe with a slip-joint connection at the pump. 
With either arrangement, any pump can be withdrawn as necessary 
for inspection or maintenance. In the one case, the pump is 
removed by raising it up vertical guide pipes reaching the full 
height of the pit. In the other case, the flexibility of the 
discharge line permits removal. Other illustrations in Chapter 2 
show a rectangular pit for four pumps of two different sizes, and 
a rectangular pit with a trash rack suitable for horizontal sub­
mersible pumps. 

With small design inflows and with little sand or silt, special 
design considerations can be minimal. Rectangular pits with 
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irregularly spaced inlets may be used, as shown in Figure 2-26. 
Setting the pumps at differing elevations is advantageous, pro­
vided a correct start/stop sequence is also developed. 

Since this type of pump is frequently used for sewage flows where 
the incidence of sand and silt is less, the designer should not 
be misled by illustrations in manufacturers' catalogs and attempt 
to apply details to stormwater which are more suited to sewage. 
These are small storage and retention time to avoid septicity 
and a lack of need to usually consider heavy sand and silt 
inflows. 

Submersible pumps are usually the vertical type which has a 
bottom suction and side discharge, the motor being mounted 
vertically above the pump volute. The impeller is directly 
mounted on the motor shaft extension. In a newer concept 
specifically applicable to stormwater, the motor is mounted 
horizontally and drives a propeller. Water is drawn axially past 
the motor and through the propeller into the discharge line. 
The ease of withdrawing any pump for inspection and maintenance 
and any necessary repair is a significant advantage with either 
type of submersible pump. However, this advantage is sometimes 
coupled with necessity, because if fluidizing precautions are 
not observed, then the sand, silt and other debris entering 
the station may cause the pumps to be damaged. 

Submersible pumps of the vertical type have impellers either of 
full or partially recessed type, or, in any case, of a non-clog 
type not general~y susceptible to damage by solids. However, 
sand or silt entering the pit or caisson through the inlet line 
presents a definite hazard in operation which is frequently 
overlooked. When this inflow build-up or accretion reaches 
sufficient quantity, the pumps may become entirely blinded-off, 
and the whole station rendered inoperable. 

Removal and repair or replacement of the pumps and cleaning-out 
of the station then becomes necessary. This is an expensive 
procedure, and the station would be out of service. In the case 
of the simple pit or caisson, it is obviously desirable to 
provide an agitating system to ensure that the pump always 
handles a fluid mixture and the pit is continually cleansed. 
This is quite easily done by piping potable water into the caisson 
and installing a spray ring system to agitate the sand and silt 
prior to pump start. If no piped water supply is available, 
then a very small submersible pump mounted well above the pit 
bottom can be used to recycle the stormwater for the same purpose 
before main pump start. In any case, the passage of sand and 
silt through the pumps must be tolerated as there is no attempt 
to settle out this foreign material nor to screen out large 
floating debris at the station, except with the horizontal type 
of pump where this is facilitated. Inlet gratings, as referred 
to in Chapter 4. - Collection Systems, must be relied on for the 
screening function. 
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Storage and cycling should be regarded differently when sub­
mersible pumps are used. Storage may be minimized because small 
submersible motors can tolerate much more frequent starting, as 
many as fteen times per hour. This is due to the cooling 
effect of the water on the motor which is not normally exposed 
to ambient air temperatures. Reduced storage and wet well 
dimensions lead to higher self-cleansing velocities which may 
reduce accretions, but the agitator spray ring is a simple device 
which is recommended. Details will be found in Chapter 14. - Con­
struction Details. 

6-H. PITS AND LARGE SUBMERSIBLE PUMPS 

Concurrently with the increasing size of submersible pumps, 
there has been effective research on configurations of rectan­
gular pump pits which provide the best possible conditions of 
flow into and through the pit, and consequently the best possible 
pump performance. 

There is a need to depart from the use of the very simplest pit 
or caisson configurations as the size of pumps and capacity of 
the station increases. An inlet chamber with baffle wall is 
recommended to prevent the inflow from directly splashing into 
the pump chamber and entraining air with it. A self-cleansing 
action is obtained both for the inlet chamber and the pump 
chamber based on minimizing dimensions as far as possible. The 
avoidance of eddy currents and vortices, the spacing of the pumps, 
and their clearance from walls has been as closely observed and 
researched as has been done for vertical pumps by the Hydraulics 
Institute. The research was sponsored by and is reproduced by 
courtesy of Flygt Corporation. 

The pumping station configuration which has been tested and is 
recommended by Flygt is shown in Figures 6-11 and 6-12. Dimen­
sional data related to pump discharge in gallons per minutes are 
shown in Figure 6-13. The pump pit volumes presented herein 
must be regarded as minimums for satisfactory operation under 
the most unfavorable conditions, namely when the inflow to the 
sump is half the output capacity of the pump. This case results 
in the maximum number of starts per hour. The maximum allowable 
number of starts may be as many as ten with large submersible 
pumps. This is not as many as with the small pumps, but still 
reflects the beneficial cooling effect of the water. This per­
missible increase in cycling leads, of course, to reduced storage 
requirements and so to less anticipated construction cost. Note 
that the pump pit is intended to be minimized in size to avoid 
settlement, at the expense of effluent quality. Of course, if 
settlement was to be encouraged, the pump pit could be enlarged 
and the possibility of agitator spray rings considered. 
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The distinction between what is a small submersible pump and 
what is a large pump is not clearly defined, but use of Figure 
6-13 appears to lead to values of B (pump spacing) less than 
the pump volute dimension as capacities decrease. It is 
assumed that this denotes a break-point above which the large 
pump criteria should be used. 

Other configurations have tested where the relationship of the 
inlet line to the pumps was less favorable, such as from 
one side of the station or from one side of the station and at 
the bottom of the pump pit. A symmetrical flared configuration 
similar to Figure 6-3 could also be used. This is illustrated 
in Figure 6-14. Note always that the emphasis is on self­
cleansing action, not sedimentation. 

Referring again to Figures 6-11 and 6-12, the inlet pipe need 
not be located centrally in the wall opposite the pumps though 
it is advantageous to locate it somewhere in the middle region. 
The overhang of the pipe should be selected so that the water 
which enters under conditions of high inflow strikes the vertical 
partition wall before it is deflected to the bottom of the 
inlet settling chamber. In the case of reduced inflows and low 
water level, the water must not fall directly onto the openings 
in the bottom of the inlet chamber. 

The vertical wall located in front of the inlet pipe prevents the 
incoming water from splashing directly into the pump chamber 
and entraining air with it. The kinetic energy of the water 

reduced when it strikes the wall, and satisfactory deaeration 
takes place in the inlet chamber. 

The top of the partition wall between the inlet chamber and 
the pump chamber should be slightly higher than the center 
line of the inlet pipe. Overflow weirs can~ if necessary, be 
provided on the sides to prevent the water from backing-up 
into the inlet pipe under conditions of high incoming flows 
and a high water level in the inlet chamber. See Figure 6-12. 

These overflow weirs also prevent any scum from collecting in 
the inlet chamber. When the water level is high, this floating 
material can flow over to the pump chamber and be pumped away. 

The design of the pump chamber ensures an even flow of water to 
the pumps without vortices or eddies. The inflow is distributed 
through the holes in the bottom of the inlet chamber opposite 
each pump. 

In order to prevent the formation of air-entraining vortices 
between the outer pump and the side wall, the wall has been 
brought closer to the pump for a vertical distance half that 
of the stator casing (Dimension F in Figure 6-12). 
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Any air bubbles which enter with the water into the pump 
chamber rise upwards along the sloping underside of the inlet 
settling chamber and escape from the surface of the water near 
the vertical partition wall. 

Since the water is in motion everywhere, there is little risk 
of sedimentation so long as the minimum recommended dimensions 
are not exceeded by a significant amount. 

The best dimension to increase in order to obtain a larger sump 
volume is the distance from the inlet chamber to the pumps 
(Dimension A, Figure 6-11). Since the water flows to the pumps 
over this path, sedimentation is unlikely. 

The model tests have shown that any bases or supporting 
structures in the form of walls etc., underneath the partition 
wall and the bottom of the inlet chamber cause eddy turbulence 
which then spreads to the pumps. Such structural components 
should therefore be avoided. 

The minimum water level in the pump chamber, i.e., the minimum 
stop level for the pumps, must be high enough so that the 
square holes in the bottom of the inlet chamber are always 
submerged (Dimension G, Figure 6-12). In addition, it should 
be noted that the lowest water level is determined by the required 
NPSH for the pump and in any event this should not be lower 
than the top of the pump volutes. 

Figures 6-11 and 6-12 show a plan and vertical section through 
a pump station, illustrating the design which has been verified 
by tests with one, two, three and four pumps. The dimensions of 
the station are determined by the number and physical size of the 
pumps, and by the output capacity per pump. Dimensions A, B, 
C, D and E are presented as functions of the output capacity per 
pump in Figure 6-13. They can be used to determine the plan 
area of the pump pit. If the available height is sufficient, 
the required sump volume is usually obtained by increasing the 
Dimension A. 

All dimensions fixing the location of the pump in relation to 
the discharge connection base and the distance between the 
bottom of the pump sump and the pump inlet are specified in the 
manufacturer's catalog. 

Figures 6-11 through 6-13, together with the preceding text on 
pits for large submersible pumps, introduce the dependence which 
the designer must place on acquiring and utilizing manufacturers' 
published data in the selection of equipment and the design of 
any pump station. The use of this data is continued in the 
following numerical example, where the dimensions of a hypothetical 
station with four large submersible pumps can be determined. 
Each pump is to be capable of discharging 23.5 cfs (10,550 gpm) 
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at a total dynamic head of 20 feet, making the example com­
parable with the assumptions made for the wet-pit station shown 
in Figure 4-7, which had a caisson 26 feet in diameter, and a Q 
of 94 cfs, with two pumps. 

From Flygt Corporation catalog, 20" C-3500 pumps are suitable. 
Bottom clearance is 16-3/4" and half-height of pump stator, 
Dimension F, is taken as 6'-3". From Figure 6-13, A= 12'-6", 
B = 5'-8", C = 2 1 -10", D = 1 1 -10 11

, E = 6'-0". Pump£ to riser£ 
= 5 1 -6 11

• Riser I: to backwall is taken as 3'-0". (I:= Centerline) 

Referring to Figure 6-11, tan 15° (E + 8" baffle wall) = l'-10" 

Station Width = 2 (l'-10") + 3B + 2C = 26 1 -4" 

Station Length= 12 1 -6 11 + 5'-6" + 3'-0" = 20'-6" 

Internal Area = 540 sq. ft. 

Internal Area of caisson= 262 x .7854 = 531 sq. ft. 

Therefore, the area of the rectangular pit and the caisson are 
virtually the same and an interesting comparison can be made 
between the different types of pumps and drivers. In Figure 4-7 
the cycle time for two pumps is shown to be very short (3.34 mins.) 
and not suitable for conventional electric motors. With the 
four submersible pumps, the critical inflow Qi would be reduced 
to 11.75 cfs and the cycling time correspondingly doubled to 
6.67 minutes. This would meet criteria for an allowable ten 
starts per hour with this type of submersible pump. In a sense 
this comparison justifies the claim that the shorter permissible 
cycling time of the submersible pump results in less cost of 
construction. 

An example of a very large station utilizing multiple sub­
mersible pumps is shown in Figure 6-14. This station would have 
a total discharge capacity of approximately 350 cubic feet per 
second, depending on the design water level. It is not known 
whether this station has actually been constructed, but the 
proposal is referenced to European practice, where it is claimed 
by the manufacturers that the submersible pump in its larger 
versions has now replaced the vertical centrifugal pump as the 
most favored type of pump for stormwater service. 

The pump spacing, backwall and bottom clearance, and the 
general configuration of the pump pit show a remarkable similar­
ity to the requirements and criteria for vertical pumps. How­
ever, the overall arrangement is simpler. There is an obvious 
advantage from an operating and maintenance standpoint of 
having multiple units of the same type, easily removable for 
maintenance without seriously reducing the capability of the 
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station. A trash rack is not shown, but the actual construction 
would presumably include such a feature, and other accessories 
of various sorts. 

Large capacity vertical axial-flow submersible pumps using a 
propellor in a vertical tube body are now becoming available 
and may be considered for heads up to about thirty feet. The 
concept, together with some relevant detail is shown with other 
submersible pumps in Chapter 9.- Pumps for Stormwater Applications. 
These vertical propeller-type submersible pumps compete directly 
with the conventional vertical pump. Research shows that pump 
spacing, submergence requirements and pit configuration are much 
as for the conventional vertical pump. However, the design is 
simpler and the installation less expensive, in part because of 
reduced cycling time and consequently less storage requirement. 

6-I. ACCESS, SAFETY AND MISCELLANEOUS EQUIPMENT 

~ost stormwater pump stations of the wet-pit type will have no 
open forebay or natural ventilation. Hydrocarbons washed off 
pavements are thus conveyed directly to the stations and the 
possibility of the creation of explosive mixtures exists. It 
is therefore essential that the motor room be completely sealed 
off from the pump pit or chamber. Gasketed floor plates or 
bulkhead doors are required, and means must be provided for 
operating personnel to test the atmosphere before entering the 
pump pit. 

Stairways are preferred to ladders for access into stations 
where the pump or engine room floor is not at grade. Stairways 
are preferable for access to pump pits or other lower chambers 
in the station. If ladders are used, safety cages and landings 
should be provided if needed for compliance with safety regula­
tions. 

Details of stairways, trash-racks, hoisting equipment and many 
miscellaneous items required in the construction of a pump 
station will be found in Chapter 144- Construction Details. 

* * * * * * * * * * * 
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CHAPTER 7. DRY-PIT DESIGN 

7-A. GENERAL 

Examples of dry-pit stations were illustrated in Chapter 2. -
Review of Current Practice. This chapter discusses the design 
of dry-pit stations with attention concentrated on the pump-
pit configurations developed by the State of California, where 
an adjacent underground storage box (or wet-well) is an integral 
and indispensable part of the design. Note that the storage-box 
(wet-well) is normally separated from the pump-pit (dry-well) 
by a distance of about forty feet, being connected only by a 
suction line for each pump. The forty feet corresponds to the 
side-slope of a depressed freeway section but the separation 
could be more or less depending on site conditions. Emphasis 
is placed on providing considerable storage in relation to run­
off, resulting in a significant reduction in pumping capacity 
and simplicity in mechanical and electrical details. 

Appropriate attention is also given to the type of dry-pit 
station which combines wet-well and dry-well integrally in one 
structure set deep below grade. Pumps with vertical shafts are 
located at the bottom of the dry-well and take suction directly 
from the wet-well alongside and upstream. Pump motors are set 
above grade and long shafts connect to the pumps. Although it 
is not typical of all cases, the station illustrated in 
Figures 2-5 and 2-6 has all pump discharges manifolded into a 
single discharge line to the receiving channel. The result is 
a complex electro-mechanical system in a massive subterranean 
structure, creating a solution too complicated, too expensive 
and unattractive for most highway applications. This type of 
installation would appear to be more applicable to pumping main 
sewerage flows rather than stormwater, but applications have 
been justifiable, therefore reasonable detail is included. 

As with Chapter 6, this chapter is primarily descriptive in 
nature, but some numerical examples are given based on the State 
of California design. Data in Chapter 8. - Pumping and Discharge 
Systems and in Chapter 9.- Pumps for Stormwater Applications 
will be also found appropriate. 

7-B. STORAGE BOXES FOR DRY-PIT STATIONS WITH 
HORIZONTAL CENTRIFUGAL PUMPS 

In the State of California design, the wet-well consists of a 
large storage box under or adjacent to the pavement (see 
Section 2-B). The storage box is similar to a multiple-barrel 
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culvert and settlement of solids takes place due to reduction in 
velocity. The cleanout box or sump at the low end is designed 
for trapping silt and other depris passing through the catch basin 
gratings at the highway pavement level. The pumps draw from the 
cleanout box through intake piping leading to the dry-well. 

Note the locations of the drain inlets and access shafts, which 
in conjunction with the openings in interior walls provide cross 
ventilation. 8-foot headroom and 10-feet width are provided in 
each barrel for access and removal of accretions, with two per 
cent slope for positive drainage to the cleanout box. Below 
the access grating at the shoulder, a short stair flight 
descends to the bottom of the sump. Clean-out is accomplished 
by a suction truck working from the shoulder. The capacity of 
the storage box illustrated in Figures 2-2 and 2-3 is approxi­
mately 220,000 gallons; some storm drain line storage may be 
added, giving at least 30 minutes of storage with both pumps 
running. This detention time results in the removal of a high 
percentage of suspended solids. 

Ductile iron pipe is used for the suction lines from the storage 
box to the dry-pit. A separate parallel line is provided for 
each pump. Because of the height of fill over the pipe and 
the cost and inconvenience of any replacement which might be 
necessary due to failure, it is usual to specify the pipe in 
its greatest available wall thickness, which is Class 6. This 
approximates a one-half-inch wall for pipe sizes between 10-inch 
and 16-inch diameters. These sizes should be the lower and 
upper limits of suction line sizes for this type of dry-pit 
station. Suction line velocities should be limited to a maximum 
of 9 feet per second at design head for 10-inch pipe, increasing 
at 1 fps for each two-inch increment of line size up to a 
maximum of 12 feet per second for 16-inch diameter. The maximum 
length of each line should be limited to about 45 feet. Where 
this length can be reduced, it is advantageous to do so in order 
to reduce head loss and obtain maximum NPSH for the pumps. The 
suction lines are preferably installed with about 1% slope to 
drain back to the storage box when pumping ceases. At the 
storage box, the line begins with a line-size long-radius 90-
degree suction elbow set vertically, with flared inlet at the 
bottom. A bottom clearance equal to the suction pipe diameter 
is provided, with the flanged connection to a cast-iron wall 
fitting determining the backwall clearance. The pumps will 
effect almost complete emptying of the storage box and sump 
with this configuration. From the storage box the lines should 
run straight to the dry-well, without any intervening elbows or 
offsets. 

A bubbler tube in conduit runs from the dry-well of the pump 
station to the top of the storage box and extends vertically into 
the sump. As the water level rises up the tube, the increased 
air pressure trips switches to start pumps. See Figure 7-1. 
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7-C. WET-WELLS FOR DRY-PIT STATIONS WITH VERTICAL 
CENTRIFUGAL ANGLE-FLOW PUMPS 

Figures 2-5 and 2-6 illustrate this type of station. In the 
example, the wet-well is of quite limited capacity; therefore it 
is assumed that adequate usable storage exists in the inlet line 
to meet pump cycling criteria. Pump suction elbows are similar 
in style to those as described in 7-B, except for size. It is 
recommended that the pipe inlet be centered on the wet-well and 
that construction be similar to the transition and trash rack 
for rectangular wet-pit stations as described in Section 6-B. 
This will ensure even distribution of inflow to all the pumps. 
The bottom of the wet well is suitably dished to drain to the 
pump suction elbow for the small pump. This can be extended 
vertically a small amount to suit necessary evations. 

7-D. DRY-WELLS FOR DRY-PIT STATIONS WITH 
HORIZONTAL CENTRIFUGAL PUMPS 

The dry-well is a simple rectangular structure in the State of 
California standard design. From Figure ,2-1 it will be noted 
that it may be about 36 feet from floor slab at grade to the 
bottom of the well. The well is rectangular on plan and only 
about 150 square feet in internal area as will be noted both 
from Figure 2-1 and from Figure 7-2. The plan area will be 
larger if three pumps are installed as was the case with the 
retro-fit shown in Figures 3-1 and 3-2. In that case minimal 
storage required more pumping capacity, but the standard design 
relies on two pumps only. A small sump pump is installed to 
handle water spilled as a result of piping or pump disassembly 
during maintenance or unplanned infiltration into the station. 
There may also be some pump packing gland leakage. Normally 
the whole pit is dry and clean because it is cut off from the 
outside atmosphere. 

Simplicity is the keynote of the California design and many of 
the features can be observed by study of the figures already 
referenced in this Chapter. A number of other figures appear 
in Chapter 10 - Electric Motors for Stormwater Pumps and in 
Chapter 12 - Electrical Systems and Controls. Note that the 
superstructure or control house is included in this Section and 
regarded for convenience as part of the dry-well. 

The small size of the centrifugal pumps enables them to be spaced 
at less than six feet on centers and the inside width of the pit 
to be less than eleven feet with adequate clearance being provided. 
Access shafts and switchgear require only a small portion of the 
area of the pit so that unless it is necessary to provide for 
garaging an emergency generator at the station the superstructure 
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can be small indeed, as illustrated in Figure 7-1. Figure 7-2 
shows a plan at the bottom of the dry-well to illustrate the 
compact layout and also shows the relative locations of sump 
pump, ladder and fresh air duct. In some cases the electrical 
switchgear has been placed below grade so that only the top slab 
of the rectangular shaft is visible. 

It will be seen from the figures that details vary from one 
station to another. For instance, the valves in the suction 
piping upstream of the pump may be rising-stem gate valves 
or may be butterfly valves. It is believed that the latter are 
preferable as causing less disturbance of the pump inflow. It 
is often recommended that a minimum distance of 6 pipe diameters 
should be allowed between a butterfly valve and the pump suction, 
to prevent the vena contracta caused by the valve from interfer­
ing with the pump performance, but this seems to have been safely 
ignored for intermittent stormwater service. 

Flow to the suction intake flange of the centrifugal pump should 
be of uniform velocity to avoid impeller disturbance. This ideally 
needs a straight run of suction piping at least 8 diameters in 
length immediately upstream of the pump suction nozzle but this 
is not usually provided. The suction pipe should be at least as 
large as the pump nozzle, a requirement which is easily met by the 
10-inch minimum pipe size. If a reduction from line size to pump 
suction is required, an eccentric reducer should be used with the 
bottom sloped to permit drainage. The suction lines leading to 
the pump inlet flanges should not have any elbows close to the 
pump in any plane, or other fittings which change the direction of 
flow or velocity and which may initiate any spinning effect or pr~­
rotation to the flow of water. Centrifugal pumps not designed for 
pre-rotation will suffer loss of efficiency and an increase in 
noise if it occurs. Rotation with the impeller can result in an 
increase in pump head and power requirement, with possible driver 
overload. However, no adverse effects are known due to the close­
coupled California design as illustrated. 

The elevations should be so planned that pump in the dry-pit will 
not start until the level of the water in the cleanout box sump 
is at least up to the center line of the pump, thus it will be 
self-priming. 

Available NPSH is 33.9 feet (due to atmospheric pressure) less 
suction lift (See Figure 7-1) and head loss in inlet line. Avail­
able NPSH must not be less than required NPSH for pump determined 
from manufacturers' performance curves. 

Pumps are of the horizontal centrifugal non-clog type. These do 
not operate at efficiencies as high as pumps having closely 
fitting impellers, but this type of pump is better suited to 
contaminated stormwater by being more resistant to wear from 
abrasion. Efficiency is not a significant factor in considering 
stormwater pumps, since their annual energy consumption is very 
low. Pumps are furnished right and left hand (clockwise and 
counter-clockwise rotation) to permit a symmetrical piping 
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I 

arrangement. Flexible bolted couplings are used in both suction 
piping and discharge risers to permit easy assembly and dis­
mantling. A separate riser is used for each pump; this is 
simpler than manifolding the two or three pumps into one discharge. 
The discharge piping is light gage galvanized steel, flanged, 
with cast iron fittings, and terminating in a flap valve. The 
latter is normally well above the outlet pipe from the receiving 
box or channel, to avoid accidental back-flow. 

Various examples of this type of station have static cheads rangiryg 
from about 23 feet to about 31 feet. Obviously, greater or 
lesser static head could easily be provided for. Line sizes, 
both inlet and discharge, range from 10 11 to 16 11 diameter for the 
stations studied. 20 HP or 25 HP motors are sufficient for the 
lower heads and smaller lines. For a station with 14" diameter 
discharge lines and a total dynamic head of 35 feet, it would 
be necessary to provide 60 HP motors if a pump efficiency of 
70% is assumed and the velocity in the discharge line is limited 
to 10 ft./sec., which are reasonable criteria. Assuming three 
pumps at 35 feet TDH and 70% efficiency, two with 14" discharge 
lines and one with a 10", then the total horsepower would be 
less than 150 for a discharge of 11,500 gpm. 

In another example, the pumping rate with 2 pumps at 20 HP each 
was 4,370 gpm average, at a static lift between 14.65 feet and 
24.25 feet. Storage was 11,950 cu. ft. in storage box and 
1,250 cu. ft. in collector pipes. The suction line was 10 11 

diameter and 48'-6" in length from bottom of suction bell flare 
to face of pump suction. The discharge lines were both 10" 
diameter and 37 1 -6 11 in combined vertical height and horizontal 
length, including one 90-degree elbow, and terminating with flap 
gate and free discharge into receiving channel. 

7-E. DRY-WELLS FOR DRY-PIT - STATIONS WITH VERTICAL 
CENTRIFUGAL ANGLE-FLOW PUMPS. 

The example in Section 2-C represents a far more complex solution 
than the previously described dry-pit with storage box, but there 
may be compelling reasons for its selection. 

Particular attention should be paid to the buoyancy of the 
massive box structure. It may well be that hydrostatic uplift 
is a serious factor for the structure as a whole. Foundation 
piles may be required, not primarily to carry such a structure, 
but to anchor it down, particularly when empty. Where seismic 
considerations are a factor, the combination of static and 
dynamic soil pressure becomes difficult to resist in deep struc­
tures. The necessary stiffening ribs lead to difficult structural 
analysis and reinforcing steel patterns, even if uniform concrete 
thicknesses are maintained to ease construction difficulties. 
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In the station illustrated, the motor sizes justify a power 
supply of 2,400 volts, rather than the conventional 480 volts. 

The vertical shaft centrifugal volute-type pump is called the 
angle-flow pump by some manufacturers. The suction elbow 
transitions from horizontal to vertical below the pump. This 
has been a standard type of pump for sewage applications for 
many years. It is able to pass solids, but has an inherent 
weakness in the long drive shaft required between pump and motor. 
This is frequently a source of trouble due to whirling and 
vibration, so that it is a point to be very carefully treated 
in the design. 

Pumps must be capable of isolation by butterfly valves or gate 
valves upstream and downstream when discharge is into a 
common manifold. Pump control valves are also necessary to 
insure that the pump starts and stops against a closed valve 
and also that the opening and closing time of the valve is 
controlled to prevent water-hammer. The required center-to­
center spacing of the pumps depends on their size, but is over 
8 feet in the example shown. This compares with a recommended 
10 feet center-to-center of gas engines. A small sump pump 
will usually be necessary in the dry-well to discharge water 
resulting from leakage from dismantling during maintenance or 
from infiltration through the structure. 

In conclusion, it is evident that this type of station is costly 
and requires a high standard of maintenance to insure that 
operational problems do not occur. Special site conditions or 
difficulties would appear to be necessary to jusity its selection. 

7-F. Access and Safety 

Forced ventilation of the lower portions of dry-wells is essential 
and fans and ducting must be provided. Fans must be operated 
for a specified period prior to personnel entry in order to 
insure compliance with OSHA regulations. It is suqgested 
that current regulations be reviewed at the time of design. 

Where ladders are used, it is necessary that vertical distances 
between landings be limited to avoid the use of safety cages. 
One or two intermediate landings will be required. Also width 
of ladder, rung size and spacing and toe clearance to adjacent 
wall must be made to comply with OSHA regulations. Ladder 
side rails must also extend above the landing or control room 
floor and should be splayed out to increased width if personnel 
must pass through. Safety chains may also be required at the 
opening. 

Refer to Section 6-I and to Chapter 14.- Construction Details for 
other comments on this subject. 

* * * * * * * * * * * 
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CHAPTER 8. PUMPING AND DISCHARGE SYSTEMS 

8-A. GENERAL 

The content of preceding chapters has been arranged in the most 
logical sequence which appeared possible, intended to guide the 
reader first through examples of existing stations and their 
siting. Collection systems, including storage and cycling were 
then discussed. In that chapter, it was necessary to step 
forward and give some explanations of pumps and their operation, 
but only sufficient to make clear the importance of the rela­
tionship between the collection system and the pumping system. 

The criteria and selection process was intended also to provide 
a check list on the many factors involved in pump station 
design, after which it was possible to treat wet-pit and dry-pit 
stations in more detail. 

We are now at the point where the complete pumping system can be 
examined, from the pumps through the details of the components 
of the discharge system. Pump performance, total dynamic head, 
manifolding of discharges and the resulting system head curves 
will be explained with the intent of amplifying and rounding­
out details which have of necessity only been partially covered 
in prior chapters. This chapter will complete the basics, 
leaving later chapters to cover the details governing selection 
of equipment and details of electrical systems, pump station 
construction, and calculations and station layouts. 

8-B. DISCHARGE CONFIGURATIONS 

The simplest system configuration is where each pump has its 
own discharge line, entirely independent of the other pumps. 
In the California dry-pit stations each centrifugal pump at 
the bottom of the pit discharges into a vertical riser and 
thence through an elbow and a more-or-less horizontal line to an 
exit flap-gate at the receiving channel. The same general con­
figuration will be observed for most of the wet-pit stations. 
The discharge line conveys pumped water from the pump discharge 
elbow to a channel or conduit. The discharge line frequently 
terminates in a flap gate to prevent backflow from the receiving 
channel such as would occur after the pump stopped, if the invert 
of the discharge line were below the maximum water surface 
elevation in the channel. The pump column and elbow, the dis­
charge line and the flap gate, all taken together, constitute 
the pump discharge system. Sometimes a check valve is also 
needed to prevent backf low from the discharge line and then 
this is also part of the system. Usually there is no need for 
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any gate valves or check valves, nor in some instances even 
any discharge flap gates. These are obviously construction 
economies and reduce items needing maintenance, while also 
reducing head losses and power requirements. 

However, this simplicity is only achieved at the expense of 
furnishing a complete length of adequately-sized discharge line 
from the pump to the receiving channel. When excessive length 
and cost makes individual discharge lines impractical, it is 
usual to manifold the individual pump discharges into a common 
discharge line large enough to carry the combined discharge 
at an acceptable velocity. To prevent recirculation, each pump 
discharge must have a check valve at the point where it enters 
the manifold, and the manifold itself may become a large and 
complex fabricated pipe section. In spite of these complica­
tions it is sometimes economical to manifold the discharges of 
a number of pumps. Figures 8-1 through 8-3 show details of such 
a manifold of 181 cfs discharge capacity. 

All of the foregoing components of the system have to be con­
sidered and their head losses computed, together with the velocity 
head. These are all added to the static head in order to 
determine the total dynamic head at which the pump must operate. 
The total of all these losses is usually a significant addition 
to the static head. They must never be ignored. Where there 

a manifold and common discharge line, there is more head loss 
and higher TOH as each pump adds its discharge to the common 
line. 

Operational factors must not be overlooked. For instance, in the 
conventional case a short discharge line from a vertical pump 
slopes up to some type of discharge structure at a higher eleva­
tion. When the pump stops, the column of water in the discharge 
line will also stop, then reverse flow to drain back into the pump 
pit. Since the quantity of water relatively small, it is 
readily handled by the small sump pump as part of the final 
clean-up. The sump pump requires a check valve in its discharge 
line to prevent backflow. This line is only a small size. 

The gravity flow of water from a discharge line as large as 
36 inches will have sufficient velocity and energy to rotate 
the pump in reverse. This is not usually harmful to the pump, 
but it could unscrew the pump drive shaft couplings. A non­
reverse ratchet tted to the motor would prevent this possi­
bility; however, the ratchet is a noisy mechanical device 
possibly subject to jamming or failure and, therefore, not 
regarded by all as completely satisfactory. 

Reverse rotation may be preferable to a non-reverse ratchet. 
However, a time-delay relay should be used so that motor cannot 
accidentally re-start while the pump is running backwards. In 
any case, with engine driven pumps a non-reverse ratchet is 
required on the right-angle gear to prevent engine backfire. 
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A special problem may occur when a significant length of the 
discharge line of a manifolded system has an elevation above 
the pump discharge elbow. When pumps are shut down the flow 
reversal toward the pumps could cause dangerous water hammer 
surges if regular check valves are used. A pump control valve 
is needed which opens and closes slowly and is controlled so 
that the pump always stops and starts against a closed valve. 
Under such a control system, the pump will operate at shutoff 
head for some seconds on start-up when water is in the line and 
the valve is opening. The shutoff horsepower must be considered 
when sizing the drivers for such an installation. Pump curves 
usually show shut-off horsepower requirements. 

Other accessories which may be required in the discharge system 
are air-release and vacuum valves, flexible couplings and tie 
rods, flange connections and fasteners, and steel-to-concrete 
pipe adaptors. They are described later in this Chapter, but 
they do not usually make much contribution to head loss. 

8-C. PUMP PERFORMANCE 

A pump is a machine which receives energy from its driver, either 
engine or motor. It converts this energy into useful work in 
raising water from the pump pit to the discharge. 

Chapter 4 - Collection Systems, made introductory reference to 
certain characteristics of pump performance, based on conditions 
encountered in stormwater service. Pumps must be capable of 
raising the water to the fixed discharge level regardless, 
within set limits, of whatever the water surface level may be in 
the storage or pump pit. This differential between the lower and 
upper water surfaces is the static head. 

When the pump is raising the water from the lowest level the 
static head will be greatest and the discharge will be the least. 
When operating at the highest level the static head will be the 
least and the discharge will be the greatest. The capabilities 
of a pump must always be expressed in both quantity of discharge 
and the total dynamic head at a given level. This is the Design 
Point for the pump. 

Total dynamic head was also explained in Chapter 4. It is the 
combination of static head, velocity head and various head 
losses in the discharge system due to friction. It is usual to 
minimize these various head losses by the selection of correctly 
sized discharge lines and other components. 

A pump is selected to operate with the best possible efficiency 
at its Design Point, corresponding to the Design Water Level of 

8-3 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



CX> 
I 

.s::. 

~ ~.P.· 

~/ 
V DETAILS NOT SHOWN 

TO BE SAME AS TYP. 
WELD DETAIL 

TYP. WELD DETAIL AT MITER 

t I 4'-

43'-B" 

IO~o" 

4'-ff' 

7'-o" 

54"; TO 4S1
f 

I E.C.C. REDUCER 

•1•- 4Y2 t ~J9PE FACE oFJ 
~---- ..,..,....,_..-~..:_==---!... ~t.=.t-"==lo=:b~ .PIT WAL~ c!:===i-.....1!...L __ 

5" II 

t I l'a FLANGE 
x 46" 0.0. 

t Y4 x 36" o.D. 

I 
11;t 

ENDEPOX~ 5• 
COATING ITYP.l 32-1.f'a f HOLES ON 

4234 BC. STRADDLE 

t'S TYP. FOR 3--~~"· 
1\lz", BOLTS 

fbANGE DETAIL 

30" HINGED FOR 3 FLEXIBLE 
I ACCESS D~ I COUPLING (TYP 

WITH CAM- *TOl~IT PUMPS AND 
LOCKED CLOSrE VAlVES FURNISHED 

PLAN OF DISCHARGE ,t.l«\NIFOLD 
ALL It. THICKNESS TO llE Y4 UNLESS 
NOTED I 

) I 

NORTH ELEVATION 

20-1318 , HOLES ON 

29Y~ B.C. STRADDLE 
It. ly4", BOLTS 

FIGURE 8-1. DISCHARGE MANIFOLD 

TYP 

, 

_, 
IO 

EL 7.00 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



Portion of Manifold Showing 3 6 " Inle t s 
and 30" Access Door 

Figure 8-2 

Installation of Manifold 
Figure 8-3 
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the station, and its performance is expressed as the required 
discharge in gallons per minute at the resulting total dynamic 
head. The efficiency of a stormwater pump at its design point 
may be 75 or 80% or even more, but this will depend on the type 
of pump. 

When the static lift is greatest {low water in sump) the energy 
required {horsepower) may be the greatest even though the quantity 
of water raised is less. This is because the pump efficiency may 
also be much less. The pump selection should be made so that 
maximum efficiency is at the design point. 

Pumps for a given station are selected to all operate together 
to deliver the Design Q at a Total Dynamic Head computed to 
correspond with the Design Water Level. Because pumps must 
operate over a range of water levels the quantity delivered will 
vary significantly between the low level of the range and the 
high level. Typically, a pump could be required to have a 
capacity of 23,000 gpm at a total dynamic head of 24.5 feet 
{the Design Point) and to operate between a range of 14.0 and 
26.5 feet tdh. The discharge at 14.0 ft. tdh would be found to 
be 28,400 gpm (123% of design point) and at 26.5 ft. tdh to be 
only 19,800 gpm (86% of design point). A curve of total dynamic 
head versus pump capacity is always plotted for each pump by 
the manufacturer. When running, the pump will respond to the 
total dynamic head prevailing and the quantity of discharge will 
be in accordance with the curve. More details will be found 
in Chapter 9.- Pumps for Stormwater Applications. 

8-D. TOTAL DYNAMIC HEAD 

Figure 8-4 illustrates a pump station with manifolded discharge 
system. All the items contributing to head losses are identified 
and representative calculations are given. This is an extreme 
case; most pump stations will have fewer items in the discharge 
system to be considered. Because of the length of the discharge 
line, it contributes almost half of the total dynamic head. 

Figures 8-5 and 8-6 show the method of determining head loss in 
various components of the system. Standard text-books and 
manufacturers' catalogs can also be consulted. 

To summarize, the Total Dynamic Head (TDH) is equal to 

TDH hs + hf + hv + Ehp where: 
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f 

hs is the Static Head or height through which the water must be 
raised, 

ht is the Friction Loss in the discharge line, 

hv is the Velocity Head, and 

Ehp is the loss due to friction in water passing 
through the pump valves and fittings and 
other items. 

The Manning formula expressed as hf = L [r. 4 8~ A xn R 2;~ 
2 

is 

generally used for discharge lines, where: 

Q = Discharge in cfs 

L = Length of pipe in feet 

n .013 for steel or concrete pipe 
A = Cross sectional area of discharge pipe in 

square feet 

R = Hydraulic Radius of discharge pipe in feet 
(R = diameter/4 for line running full) 

Friction losses can also be computed by the Darcy Formula. This 
requires computation of the relative roughness of the pipe, 
the Reynold's number and the friction factor. The more complex 
procedure does not appear to justify its use in lieu of the 
simpler Manning Formula. 

8-E. SYSTEM HEAD CURVES 

A system head curve is a graphical representation of total 
dynamic head plotted against discharge Q for the entire pumping 
and discharge system. It is useful for establishing the 
required design point of a pump and then after the pump curve is 
superimposed it gives a visual representation of both system 
and pump. As usually drawn, the system head curve starts from 
a low point on the x-ordinate representing the static head at 
zero discharge. It then rises to right as the discharge increases 
and the friction losses increase also. A design point can be 
selected on the system head curve and a pump can be selected to 
suit that point. The usual pump curve is the reverse of the 
system head curve so points of intersection are clearly identifi­
able. System head curves are often drawn for several different 
static heads, representing low, design and maximum water levels 
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SEE CHAPTER 15-STATION DESIGN CALCULATIONS AND LAYOUTS 
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in the sump. ~one, two or more pump curves can be plotted over 
the system head curves and conditions examined. If a change of 
discharge line size is contemplated, a new system head curve for 
the changed size (and changed head loss) is easily constructed. 
Figure 8-7 shows the same system with one pump and then with 
two identical pumps delivering into the same system. Note the 
increased head loss and reduced capacity of each pump when both 
are operating. 

8-F. DISCHARGE LINE SIZING 

When sizing the discharge pipeline or pipelines, a general guide 
is that construction costs are directly proportional to the 
pipe diameter. Friction loss, and therefore some element of 
pumping costs, are inversely proportional to the pipe diameter. 
Therefore, the optimum pipe size is not readily evident, but 
where a vertical pump is concerned, it is usual to make the 
discharge line the same size as the pump. For a 36" pump, a 
36" discharge line would be conventional. A smaller line size 
would result in too high a velocity and too much head loss, and a 
larger line would probably be unnecessary. Variables such as 
annual operating hours, choice of materials and future deteriora­
tion of the pipe must also be considered. 

Suggested criteria for design are that if the individual dis­
charge lines exceed fifty feet in length, they should be con­
structed of concrete pipe. Steel pipe or cast iron discharge 
lines should be limited to fifty feet or less. Velocities of 
water should be limited to twelve (12) feet per second in 
concrete pipe flowing full (under pressure) and to ten (10) feet 
per second in steel or cast iron pipe. 

If the distance from the pump station to the outlet structure 
exceeds two hundred feet, the combination of individual 
discharge lines by manifolding into one single larger line should 
be investigated. 

8-G. DISCHARGE LINE PIPE MATERIALS 

The choice of materials is usually between steel pipe and con­
crete pressure pipe, with the determining factor usually being 
the length and consequent cost of the discharge line or lines. 
Since it is relatively simple to provide an adaptor from steel 
to concrete pipe, there is no special merit in using steel only. 

Discharge heads or pressures are normally relatively low (less 
than 50 feet) so that a nominal one-quarter inch thickness of 
steel pipe wall will suffice. However, the stresses due to 
both internal pressure and external loading of backfill need to 
be checked. Pipe of ASTM A53 quality is satisfactory, or where 
fabrication is required, such as for a manifold, ASTM A36 steel 
is normally used. Although on occasions, ASTM A 283 Grade C has 
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been specified for discharge lines and manifolds, its use is not 
usually justified if any premium price is involved compared with 
A36. 

Steel pipe and accessories require galvanizing or epoxy lining 
and coating as protection against corrosion, the former being 
preferable for interior and exterior coating of lines up to 
about sixteen-inch diameter, whether exposed inside the station 
structure or buried outside. Coal tar coating and pressure 
sensitive tape wrap are also used to protect buried steel pipe. 
For larger lines, the coatings mentioned are sometimes replaced 
by cement mortar, which is particularly applicable to manifolds 
buried outside the station. See Figures B-1 through 8-3. 

Buried flanged joints in steel pipe are frequently a source of 
leaks or internal corrosion in later years and should be avoided 
if possible by fabricating the discharge lines in one piece, or 
making field welded joints. Internal corrosion and rough sur­
faces increase the friction and head loss. 

For longer lines, concrete pressure pipe is usually more econ­
omical than steel and is less subject to corrosion damage. 
Bevelled pipe ends or elbow specials are standard with the con­
crete pipe industry, so that vertical or horizontal bends are 
readily laid. Thrust blocks to avoid separation of the line 
should be provided at bend points where resultant forces are 
significant. Joints should be of rubber-gasket type to with­
stand the internal pressure of the water and avoid lea~a~e. 
The pipe wall thickness and pipe strength mus~ ~e suff :cie~t to 
withstand external pressures. Rubber~gasket Jointed pip7 is also 
very suitable where differential settlement of pump station and 
discharge line may be anticipated. 

Ductile iron or asbestos cement pipe can be considered for use 
as discharge lines and if economically favorable may be used, 
although the applications are likely to be limited. 

8-H. FLANGES, FLEXIBLE COUPLINGS AND STEEL-TO-CONCRETE 
PIPE ADAPTORS 

. . . teel pipe is by forming or 
The most common method of JOi~in~ ~he pipe and then by bolting 
attaching a flange to each en o 'th a ~ompressible gasket 

together face-to-face, wi . . · t 
the flanges flanges to form a water-tight Join . 
interposed between the 

. construction, mild steel ring flanges 
For stormwater pump statioz:i These have flat faces. 
of moderate rating are satisfact~r~:on) Standard C207-55, Clas~ D, 
AWWA (American Water ~o:ks ~ssoc~~t~ such flanges being electri­
is an applicable spec:fication,. . g At least one pair of 
cally-welded to the discharge pipin . 
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flanges is usually required in a wet-pit station, such as when 
a check-valve is included in the discharge line. However, on 
occasions, flanges are not required. 

Bolts and nuts (fasteners) required to make up flanges inside 
the pump station may be specified as carbon steel, but the 
exposed threads should be thoroughly cleaned and coated to 
prevent corrosion and remain workable in the event dismantling 
is required. The added cost of stainless steel fasteners is not 
usually warranted. Gasket material should be specified as cloth­
impregnated neoprene. 

To facilitate assembly of the steel piping system and to allow 
for dimensional clearances and variations, it is necessary to 
include one or more flexible couplings in each line. These 
couplings are frequently known as Dresser couplings, relating to 
the name of the original manufacturer of couplings of this type. 
See Figure 8-8. 

In general, the coupling consists of two flange rings spaced 
apart by a sleeve and connected by a series of long parallel 
bolts around the periphery. The sleeve fits loosely over the 
adjoining spigot ends of the line pipe and rubber ring gaskets 
are compressed between the flanges, the sleeve and the line pipe 
to form a water-tight joint which is tolerant of some clearance 
and misalignment of the spigot ends; hence the description 
flexible. Just as the flexible coupling is essential for making 
up the system, it permits ready disassembly of the system when 
required. The flanges and sleeve should be epoxy coated (or 
galvanized). To prevent corrosion, the bolts (or fasteners) 
are often of stainless steel. The cost savings of mild steel or 
galvanized finish is a judgment factor for the individual 
designer. 

The flexible coupling is limited in its resistance to longitudi­
nal forces or thrusts. It is often necessary to provide tie 
rods ~arallel t~ it on each side. These are sometimes more-or­
less. integral with.the.co~pling and attached to the line pipe, 
but in a pu~p station it is often convenient to provide the same 
eff~ct ~ ti~-bolts betwe~n the pump and the structural concrete 
~g~in 7 ~acing the coupling. The sizing of the tie rods is / 

t~ee~~~~~urnb~i;~~across-sectional area of the discharge line and 
rods or other rest~~~npressure of the pump: With proper tie 
flexible coupling will tr fro~ the pump stat~on structure, the 
subjected to shock vibra~~ain se~led.and tight indefinitely while 
the discharge lin~. on, pu sation or other adjustments of 

A steel-to-concrete pipe ad . . 
change of material is inclu~~~ofnis requi:ed whenever such a 
ofte~ conveniently located in the the design. The adaptor is 
station. This enables the steel concrete back wall of the pump 

adaptor to be adequately 
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anchored in the thickness of the wall, often with a circumferen­
tial ring or flange set on the center of the wall to serve also 
as a water-stop. Inside the station, the adaptor may have either 
a steel flange or a spigot-end according to need. At some point 
in its length, the steel pipe size of the adaptor is enlarged 
and at the downstream end a specially-sized bell ring is welded 
on. The sizing of the bell ring is performed by or for the con­
crete pipe manufacturer so as to match the spigot end of his 
concrete pipe with allowance for the necessary rubber gasket 
ring which ensures water-tightness under the discharge head. 
Internally for a part of its length, the adaptor is cement mortar 
lined, and the remainder is epoxy coated. 

The exterior of the adaptor which is inside the station is also 
epoxy coated, while the portion which is embedded in the wall 
or projecting outside is coated with a cement mortar jacket. 
Figure 8-8 shows details of an adaptor. A similar design was 
used for the downstream end of the manifold shown in Figure 8-1. 

8-I. AIR AND VACUUM VALVES 

In many cases it is necessary to provide an air release valve 
at the high point of a vertical pump discharge elbow, because 
the pump column will contain air which should be discharged 
to permit smooth starting of the pump and passage of a full body 
of water through the check valve. This valve should be the 
combination air and vacuum type, so that on pump shut-down, 
the valve also permits entry of air to avoid the harmful forma­
tion of a vacuum in the pump column. The sizing of these 
valves depends on the pump capacity and the volume of air to be 
released, and reference accordingly must be made to manu­
facturers' catalogs. Appendix D. - Specifications, gives the 
manner in which these valves may be specified, and a simple 
illustration is included in Figure 8-9. 

Some very short pump discharge lines terminate with a flap-gate 
at the outlet structure. In such cases, a standard weight gal­
vanized steel vent pipe installed vertically on top of the end 
of the discharge pipe at the outlet structure may serve as a 
suitable substitute for the air-vacuum valves. The pipe should 
be capped on top to prevent entry of foreign objects, and should 
have holes drilled as air ports in the upper part of the pipe 
before galvanizing. An illustration of this type of air vent is 
shown in Figure 8-13. 

8-J. CHECK VALVES 

Check valves are of two distinct types to suit different require­
ments -- those required in the discharge lines adjacent to the 
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main pumps, such as where the system includes a manifold, and 
those which are required in the discharge lines of sump pumps. 

The check valves for the main pumps ensure that when any given 
pump is not operating, the flow of water being delivered to the 
manifold by other pumps cannot flow back through the non-operating 
pump. Besides this recirculation being possibly harmful to the 
pump, it would be wasteful of energy in proportion to the amount 
recirculated compared with that actually flowing out of the 
discharge line to the receiving channel. The flow velocity 
through the main check valves and consequently the head loss 
that they add to the system should be minimized. Therefore, it 
is usual to specify the main check valves to be the same size 
as the columns and discharge elbows of the vertical pumps they 
protect. 

Vertical pumps predominate in wet-pit stations, where discharge 
into a manifold is more likely to be found. Assuming that such 
a pump delivers 25,000 gpm, a column diameter and, therefore, 
a valve diameter of 36 inches is required to meet a maximum 
velocity criteria of 10 ft./sec. Valves of this size are readily 
available from domestic or foreign sources, but their price is 
considerable. At 1978 prices, the installed construction cost 
for valves, manifold and ttings required to combine several 
pumps totalling 181 cfs discharge into a single discharge line 
would have cost approximately $200,000. Appendix C - Con­
struction Costs will show the various unit costs. 

Despite this relatively high cost per cubic foot of water 
pumped, it will be found that significant savings result if the 
discharge line downstream of the manifold is of necessity of 
considerable length. 

The slanting-disc type is preferable, with an oil dash-pot feature 
to ensure slow-closing (non-slam) action of the flapper. See 
Figure 8-10. Another feature that should be provided is a hand­
hole for cleaning. This allows inspection and maintenance of 
the movable parts at any time between pump operation. It is, 
of course, very necessary that the plant operator be sure that 
the valve has re-seated and is providing a water-tight seal, 
or if this is not the case, he can remedy the situation by removal 
of any debris which may have lodged in the valve. 

Check valves are also required on the discharge lines of sump 
pumps. Any regular non-slam check valves with cast-iron body may 
be used, but again the possibility of clogging is a considera­
tion. Rubber seated or rubber flapper swing check valves in 
accordance with Figure 8-9 are recommended, while the ball-type 
check valve illustrated in Figure 8-11 is a suitable alternate. 
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WEIGHT 97 LBS. 
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DIA. 
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11 
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ARE AVAILABLE FROM 2'' TO 3<)''. DIMENSIONS 
AND WEIGHTS VARY ACCORDINGLY 

BODY: CAST IRON: ASTM Al59-72 CLASS 35 
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HOLES STRADDLE CENTER LINE. 
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SINKING TYPE: SP. GR. GREATER THAN I. 
FLOATING TYPE: SP. GR. LESS THAN I. 

WORKING PRESSURE: 150 PS.LG. MAX TEMP.: 185° MAX. 

SERVICE: GENERALLY USED FOR SEWAGE. FOR OTHER 
FLOWING MEDIA, VARIOUS TYPES OF COATINGS 
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,. 

8-K. FLAP-GATES 

A flap-gate is a simple 
pipe discharging into a 
heavy metal casting, or 
top from a body in such 
charge pipe by gravity. 
line will raise the flap 
ever, in so doing, there 

device intended to close the end of a 
receiving channel. It consists of a 
lid, circular in shape, hinged at the 
a manner as to close the end of the dis­

Wa ter being pumped through the discharge 
sufficiently to permit discharge. How­
will be a head loss. 

Due to corrosion and debris, flap-gates cannot be relied upon to 
close tight. Flap~gates should not be partially submerged in 
normal operation unless the intent is only to prevent the entry 
of fish or wildlife or to protect against waves or tidal action. 
Figure 8-12 shows a typical flap-gate. Where possible, the outlet 
should be above the flood level of the receiving channel or 
reservoir. 

Where the discharge is into a tidal waterway and the discharge 
line is set to drain at low tide, leakage around the flap-gate 
is likely. Tide water will enter the discharge line and as the 
tide rises, air will be expelled at or near the station through 
an air valve. See Figure 8-4. Should a pump start up during 
high tide, the discharge line will be rapidly filled and the 
pump will churn or operate at shut-off head until-it has 
accelerated the static tide water and the pump discharge, and 
flow has been established out of the discharge line. The 
horsepower required at the pump shut-off head is greater than 
at the normal design point and where such a condition could 
occur the motor and pump must be selected accordingly. 

Flap-gate bodies and lids are normally cast from grey iron con­
forming to ASTM A 48, Class 30, with hinge bars or links of 
cast steel conforming to ASTM A 27, Grade 30 - 60. Alternately, 
flap-gates may be fabricated from structural steel conforming 
to ASTM A 36. The entire flap-gate body, hinge bars or links, 
pivot lugs and lid should be epoxy coated. 

8-L. SUMP PUMPS 

It is always necessary to provide a small sump pump in a dry-pit. 
(Section 7-D) Sump pumps in wet-pit stations are optional, 
although certainly recommended. In semi-arid areas, a sump pump 
minimizes mosquitoe breeding. After the rainy season, the sump 
can be flushed clean of all debris and dry-weather inflows can 
be pumped out as they occur. 

Areas which experience year-round rainfall apparently find that 
complete emptying of the sump between storms is not essential, 
especially in caisson-type stations where the deposition of 
suspended solids is less and the pump bearings are grease­
lubricated to inhibit damage from abrasives. 
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Where sump pumps are installed in wet-pit stations, it is 
recommended that they be of submersible type with recessed 
impeller to readily pass small solids. They should be protected 
by the agitator spray ring accessory. Illustrations of the 
agitator spray ring will be found in Chapter 14 - Construction 
Details. 

A check valve should be placed in the sump pump discharge line. 
The ball-type or rubber seated flapper-type check valve is 
preferred over the swing-disc type because it is less prone to 
jamming. (See Figures 8-9 and 8-11). 

The sump pump discharge line should be a minimum of six inches 
in diameter. Sump pumps used for wet-pit service should be able 
to pass spheres or cylindrical objects up to three or more 
inches diameter. Therefore, the discharge line must be larger 
and free from elbows or reverse bends which could obstruct the 
passage of these objects. 

The sump pump is sized after the sump has been designed. Once 
the sump area is known, the volume of water in the sump below 
the lowest pump suction bell can be calculated. The sump pump 
should be capable of pumping this volume in approximately one­
half hour. Usual sump pump capacities range from 500 gpm to 
1,000 gpm. 

It is desirable to limit the sump pump motor size to about 30 
horsepower. Consequently, the one-half hour limit may be ex­
ceeded in extremely large sumps. Where the pumping time exceeds 
one and one-half hours, more than one pump may be required. See 
Chapter 9 - Pumps for Stormwater Service, where suitable sump 
pumps are described. 

8-M. VARIABLE SPEED PUMPING 

In some pumping applications, sewage or wastewater, for example, 
it is advantageous to equip pumps so they may operate at two 
different speeds or even a variable range of speeds, with either 
electric or gas motors. 

Provided that the speed regulation is done manually by the 
station operator, no additional equipment is required. Normally, 
engines will start automatically and unattended, then run at a 
pre-determined speed, such as 1,200 rpm, which is the normal 
maximum permissible speed for larger engines. With a smaller 
engine, by taking manual control, the operator could decrease the 
speed to 1,000 rpm or increase it to 1,400 rpm with resulting 
decrease or increase in pumping capability. Howeve~ due to the 
operation of what are known as the Laws of Affinity, the pump 
performance and horsepower requirements change more dramatically 
than the linear change in speed. Pump ,delivery varies directly 
as the change in speed, head capability varies as the square of 
the change, and horsepower requirements vary as the cube of the 
change. 
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When a gas engine is run at higher speed, its developed horsepower 
is obviously greater, but the greater pumping horsepower required 
increases faster than the engine's power output. Therefore, a 
speed increase from the design level of 1,200 rpm to a maximum 
of 1,400 rpm is sufficient to raise the horsepower requirement 
to the intermittent range. Prolonged operation at this speed is 
harmful. Nevertheless, in some emergencies and for a short 
period of time, the increased pumping capability could be safely 
utilized by manually increasing the speed of the engines. 
Devices for automatically changing the throttle setting in 
response to water level have also been developed. 

The exact significance of being able to increase the pumping 
capability is that if a retention basin or storage box were 
utilized, it would be possible to pump it down in less time. 
On the other hand, assuming that the system design is based on 
a 50-year storm, then if this intensity of storm were exceeded, 
the additional pumping capability could be utilized. 

Variable speed pumping is not usually of significance, but is 
an option that can be exercised with gas engine drivers without 
incurring additional capital cost. Two-speed or variable-speed 
electric motors do not normally find an application in storm­
wa ter pumping. More details on the Laws of Affinity will be 
found in Chapter 9 - Pumps for Stormwater Applications. 

8-N. THE MERITS OF SIMPLICITY 

Much of the complexity and high capital and maintenance costs of 
a pumping station can be avoided by using the natural laws of 
hydraulics. The force main shown in Figure 8-14 slopes upward 
from the station to the discharge channel, and a whole array of 
manifolding, slow-closing check-valves, non-reverse ratchets and 
the like is envisioned. However, use of a simple gravity stand­
pipe is also possible. Each pump could have its own vertical 
riser, with free discharge over a weir at the top. The water 
would then flow in the common discharge line to the receiving 
channel. When pumping stops, the force main could drain back 
into the pump pit. A sump pump with a check valve to retain the 
flow in its own small force main could be used to remove the 
water. 

The sump pump also could discharge over the standpipe weir. 
Although these discharges would contain a high proportion of 
silt and suspended matter, the flushing action of discharge from 
the main pumps would later remove this material. The result 
would be a simple and efficient system. The only objection 
might be on grounds of aesthetics if the appearance of the 
standpipe was judged incompatible with the surroundings. 

Another simple installation has recently been designed for a West 
Coast port. The necessity was to drain a large paved area utilized 
for storage of imported automobiles; and to discharge into tide­
water. The area had been filled, but drainage was away from a 
dike at tidewater to inshore areas slightly below highest tides. 
The pump station is located near the dike and gravity drain lines 
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form a collection system, one line extending over 4,000 feet to 
the station from the furthest upstream catch basins. A rec­
tangular wet-pit station where pump pit depth was minimized was 
designed with three pumps, all of equal size. Station Q is 160 cfs 
at 12.5 feet TDH. The discharge from the station to tidewater 
is a single gravity line, no manifolding of the three pumps being 
necessary. The tidal range of approximately 10 feet influences 
the level to which the pumps may be required to discharge when two 
or more are operating. This is accomplished very simply by 
utilizing a submerged discharge into a discharge basin when two 
or all three pumps are operating at highest tide levels. At lower 
tide levels there is a free discharge at slightly lower head, 
with consequent energy savings. Figures 8-15 and 8-16 illustrate 
the major details. See Figure 6-1 also. 

The design criteria required the simplest possible station capable 
of functioning properly. Due to the industrial nature of the 
area no enclosing structure was considered necessary, though one 
could have been provided. See Chapter 1. - Introduction. Three 
vertical pumps all of the same size in a rectangular wet-pit 
station of minimum depth represent the simplest possible choice: 
with two pumps only it might not have been possible to satisfy 
cycling criteria. There is no trash rack in the station structure 
because full advantage is taken of the pre-screening effect of the 
inlet gratings. There is no inflow to the system other than through 
these gratings. A flap-gate on the free discharge of each pump 
serve to prevent backflow into any pump not operating. If 
slight leakage occurs due to uneven seating, this is unimportant. 
A non-reverse ratchet on top of each motor prevents counter-
rota tion and insures that each motor can start when called on. 

Pump pit dimensions meet the criteria set forth in Chapter 6. -
Wet-Pit Design, and pumps are equipped with suction umbrellas to 
permit submergence to be limited to 0.8 bell diameter. This reduced 
the pit depth and facilitated construction by the caisson method, 
especially since no waterproofing membrane outside the pit was 
considered necessary. Soil reports showed sandy clay or silty 
clay suitable for caisson construction, with a late-winter water 
table at El. -3.0. With bottom of pump pit slab at El. -8.0, the 
factor of safety of empty pit against buoyancy was 3.30. Incoming 
lines were properly joined together with junction structures 
outside the station, while inside the station a 45° transition 
and sloped bottom slab provided for reduction in velocity and 
streamlined flow to the pumps. The structure is concrete through­
out with no steelwork other than galvanized embedded bases for 
pumps, grating, handrails, pit access ladder and work platform. 
Free ventilation is provided to eliminate danger from possible 
gasoline spills. The only floor grating used is behind each pump. 

Some minor accessories and features were felt necessary. These 
were a sump pump to completely dewater the pump pit after storms. 
A water-supply is provided to an agitator spray ring for pro­
tection of the sump pump, which is of recessed impeller type. A 
conveniently located work platform in the pump pit enables the pit 
to be ~osed down and all accretions to be removed by the sump pump. 
Solenoid valves control the spray ring and the oil-lubricators 
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for the enclosed-shaft pumps. An emergency generator is provided 
to be operative in the event of power failure. Electrically, the 
system is simplified, because each pump motor is only 100 hp. No 
expensive reduced voltage starting is needed and switchgear is 
housed in a weathertight enclosure. 

Simplicity only evolved after an unsatisfactory initial concept. 
Development proceeded along the lines reommended in this Manual, 
the content of which provided a very suitable guide for the work. 
Chapter 5. - Selection of Type of Station and Equipment, contains 
an example modelled on this station, though the example and the 
end result are not identical. Of particular interest and value 
was Chapter 4. - Collection Systems. Computation of usable storage 
was carried out with considerable care because it was found to be 
critical in regard to pump sizing and cycling requirements. The 
computation involved several trial and error cuts, leading to a 
first pump start level of El. +2.0, second pump start of El. +3.0 
and a third pump start (Design Water Level) of El. +4.0. The 
design water level thus becomes three feet below the lowest inlet 
grating, which is acceptable (See page 4-11). Low water shut-off 
of first pump is El. 0.0 to limit TDH to 14.5 and avoid overload 
of motor. In making the calculations of usable storage, the 
design Q of the pumps (53.33 cfs each) was not discounted because 
the TDH of 12.5 ft. occurs at first pump start, then reduces as 
water level rises, but can occur again with three pumps operating 
under highest tide conditions. Taking Qi as 26.7 cfs (see page 4-12), 
a proportioning of this amount between the several lines tributary 
to the station was necessary in order to compute usable storage 
and minimum cycling time. Sufficient information is given on 
Figures 8-15 and 8-16 fo~ the reader to verify the storage and 
cycling time shown. The tedious trial-and-error procedure can be 
eliminated by using the known values given herein and the exercise 
will be found most instructive in understanding the close inter­
relationship between the design of the collection system and of the 
pump station. Figures 4-5 through 4-9 should be used to gain a 
thorough understanding of computing usable storage, even accounting 
for the usual system complications, such as line size and slope 
changes. During the actual design, a program was written for a 
small programmable calculator and this proved very useful. 

To sum up, where only two pumps of equal size are used, the limited 
usable storage in the collection system may easily lead to cycling 
problems. When three pumps of equal size are used, cycling cri­
teria can be more readily met. However, it is not unusual to find 
two large and two small pumps installed instead of three, simply 
to meet cycling criteria. Even when engines are used as drivers, 
computations of usable storage should be thoroughly made so that 
the whole system characteristics are thoroughly understood and 
can be adjusted if necessary for best results. 

The late 1981 construction cost of the station has not yet been 
finally determined, but it is expected to be less than $500,000. 
This includes structure, pumps, electrical work and discharge 
basin, but excludes inlet line junction structures, gravity dis­
charge line and emergency generator. At $3,000 per cfs pumped, 
this cost is as low as could be expected. 

* * * * * * * * * 
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I 

CHAPTER 9. PUMPS FOR STORMWATER APPLICATIONS 

9-A. GENER'\L 

Large pumps that operate at relatively low heads are usually 
needed for stormwater pumping. The main types of pumps used 
are described in this Chapter. These are: 

(a) Vertical Pumps - propeller and mixed flow types; 
(b) Submersible Pumps - vertical and horizontal types; 
(c) Centrifugal Pumps - horizontal non-clog typei 
(d) Screw Pumps; and 
(e) Volute or Angleflow Pumps - vertical type. 

Electric motors are generally used as drivers for all the forego­
ing types of pump, but diesel or gas engine drivers are 
sometimes used for vertical pumps and could be used for screw 
or angleflow types. 

Vertical pumps have been used more frequently than the other 
types. They are available in a wide range of capacities and 
discharge heads. Single-stage propeller pumps are used for low 
heads and mixed-flow pumps for higher heads. Two-stage propel­
ler pumps are also manufactured. The two-stage propeller 
approximately doubles the head capacity of a single stage. A 
typical vertical stormwater pump is shown in Figure 9-1. 

Next in importance are submersible pumps. These are usually a 
vertical type, although horizontal submersible pumps are also 
manufactured. Except for small stations, submersible pumps 
up to the present have been generally considered accessory pumps 
to deal with low (dry weather) flows, groundwater infiltration, 
and clean-up and pump-out of the pump-pit after a storm. This 
role has been changing as the available size of submersible 
pumps has increased. It is now possible to design large 
stormwater stations with sole reliance on submersible pumps. 

Centrifugal pumps of a special type are used in dry-pit stations. 
In order to be resistant to suspended solids and debris which 
passes the screens, these pumps must be the end suction, non­
clog type, with enclosed impellers and hand-hole on the casing 
which permits inspection and removal of foreign material. Small 
centrifugal pumps combined with upstream storage are well-suited 
to small catchments. 

Screw pumps have not been used extensively in the United States, 
but their simple principle of operation and their performance 
in other countries justifies their consideration. The compati­
bility of the slope of the screw pump and the side slope of a 
depressed section of highway forms an interesting subject for 
innovative design with possibilities for economy. 
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I 

The fifth and final type of pump considered is the volute or 
angleflow pump, sometimes described as a dry-pit angleflow 
pump, or a single-suction centrifugal mixed-flow pump. It 
can be mounted in a horizontal or, more usually, vertical position, 
with the motor above the pump room operating floor and the 
pump mounted as much as twenty-five feet below. Only the 
vertical setting is considered here because the horizontal 
setting would be similar to the end-suction centrifugal pump 
already described. Volute or angle flow pumps, mounted 
vertically, have for many years been a standard for sewage 
pump station installations. However, due to the complex 
accessories needed with these pumps, they are not recommended 
for stormwater pumping unless operating head necessitates their 
use. 

9-B. PUMP CHARACTERISTICS AND PERFORMANCE CURVES 

All pumps possess a characteristic termed specific speed, N8 , 

denoted by the equation: N
8 

= RPM VfJ!M . 
H3/ti 

Pump impellers for high heads have low specific speeds, and 
impellers for low heads usually have high specific speeds. 
Figure 9-2 shows the relationship of different types of impellers 
to the useful range of specific speeds. 

Pumps of the axial-flow type have impellers shaped like ship 
propellers, and as the name implies, the flow of liquid is 
discharged axially through the impeller. 

Pumps of the mixed-flow type have impellers with vanes integral 
with a conical hub. The pumping head is developed partly by 
centrifugal force and partly by a lifting action of the vanes. 
The application of the mixed-flow pump is similer to that of 
the vertical axial-flow propeller type of pump, but each type 
has its own range of operating heads and capacities. Pumps of 
the centrifugal type have impellers which develop head entirely 
by centrifugal force. 

As an example, find the type of pump necessary to deliver 
2,500 gpm at 81 ft. head using a speed of 1,760 rpm (usual for 
conventional electric motors) . Specific speed is found to be 
3,259, corresponding to the centrifugal type of pump. At 85% 
efficiency, a 60 horsepower motor would be needed, because 
Horsepower {HP) = GPM x 8.33 lbs./ft.

3 
x Head in feet 

33,000 x Efficiency 

The example illustrates work performed being expressed in horse­
power, with a factor being introduced to account for the 
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efficiency of the pump. All stormwater pumps must operate over 
a range of heads. Every pump has a performance curve developed 
by its manufacturer. More precisely, a family of curves is 
shown for each pump, because any pump can .be fitted with various 
sizes of impeller. The impeller is the rotating element which 
imparts energy to the water and it can be modified or "trimmed" 
exactly to suit performance requirements. Trimming refers to the 
process of machining the impeller to the proper dimensions to 
provide the performance required. 

Superimposed on the pump performance curves are other curves 
showing the efficiency of the pump. If a pump were 100% efficient 
in imparting energy to the water, the work done would be the 
product of the weight of the water and the head. In fact, a 
stormwater pump selection with an efficiency of 75% would be about 
average. In some cases, efficiencies at design point of 85% or 
more may be achieved; in qther cases, efficiencies at design 
point may be below 70%. With continuous pumping, the energy loss 
due to low efficiency is a significant cost factor. However, 
since stormwater pumps operate relatively infrequently, the cost 
penalty of less efficiency is usually not significant. Pumps need 
not be specified to have efficiencies in excess of 75% at design 
point. To do so would unnecessarily reduce competition between 
various manufacturers. The required horsepower is usually shown 
on any pump performance curve. This is used in selecting a 
driver, either electric motor or engine. 

Because vertical pumps are the most commonly-used type for storm­
water pumping, and because they can be either propeller or mixed 
flow, this type of pump is used as the basis for the rest of 
the text in this Section. However, the principles explained are 
applicable to all the other types of pump ref erred to in 
Section 9-1. 

Vertical pumps for stormwater pumping stations for highway 
facilities will almost invariably be of the single-stage axial 
flow (propeller) type or the mixed-flow type. This is based on 
the assumption that individual pump capacities will be between a 
minimum of 1,000 and a maximum of 30,000 gallons per minute and 
that total dynamic heads will be between 8 and 50 feet. Pump 
manufacturers' curves are expressed in feet of head and discharge 
in gpm. Cubic feet per second is not used as a measure of pump 
capacity except as an interface with the collection and discharge 
systems. 

Published pump performance curves of a well-known manufacturer 
are shown in Figures 9-3 through 9-6. The curves are for one 
pump of propeller type (16PO) and for two pumps of mixed flow 
type (24MS and 24LS). Two different speeds of rotation are shown 
for the 16PO, while the 24MS delivers greater quantity at higher 
head than the 24LS, with same diameter impeller and with both 
operating at the same speed. Reading at the "eye" (point of 
maximum efficiency on the curves) for the 16PO at 1,180 rpm and 
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for the 24LS at 590 rpm, the specific speeds can be computed 
to be 13,288 and 6,225 respectively, representing mid-range of 
the speci c speeds shown in Figure 9-2 for these types of pumps. 

A comparison of the curves for the two types of impeller shows 
that the individual propeller pump covers a broader range of 
gpm and head than the mixed-flow. The mixed-flow pump delivers 
at a higher head than the propeller pump. 

In pump selection, it is desirable that the design point be as 
close to the eye as possible, or else to the left of the eye 
rather than to the right of or above it. For a design point or 
condition of 8,500 gpm at 16.5 ft. TDH, the 16PO propeller pump 
at 1,180 rpm would be an ideal selection. For a design point 
of 11,000 gpm at 22.5 ft. TDH, the 24LS would not be a suitable 
selection. The 24MS rotating at the same speed has a curve which 
produces a slightly higher head and this pump would be an 
acceptable selection. A different impeller is used and the lower 
efficiency at the design point gives a correspondingly higher 
horsepower requirement. Again, performance should always be in 
the constantly rising portion of the curve. Avoid conditions 
where the pump is operating at a dip in its curve because its 
output will drop sharply and become unstable. 

The effect of the Laws of Affinity can be observed by comparing 
the 16PO propeller pump running at different speeds, see 
Figures 9-3 and 9-4. When running at 875 rpm instead of 
1,180, the discharge is reduced in direct proportion from 8,500 
to 6,250 gpm. The head is reduced by the square, from 16.5 
to 9.1 ft. and the horsepower requirement by the cube, from 42 
to 17. 

Figures 9-3 through 9-6 show two different methods used to 
describe impeller size. Horsepower requirements are also shown 
in two ways, either by commercial motor size or by actual brake 
horsepower required. Net positive suction head (NPSH) require­
ments are also shown for the mixed flow pumps, but for practical 
purposes the submergence requirements shown are sufficient guide. 
As additional information which is sometimes needed, shut-off 
head and horsepower are shown on the Johnston curves. The 
significance of shut-off head is that if the pump was pumping 
against a closed valve, the head and horsepower requirement 
would rise to the values shown. Whereas the head and corres­
ponding pressure would not overstress the pump elbow and piping, 
the motor, if not of sufficient horsepower, would be overloaded. 
Sometimes in stormwater pumping stations, conditions are such 
that pumps may develop shut-off head, and in such cases the motors 
or other drivers must be zed accordingly. 

Proper selection of pu.~ps requires some practice. The following 
examples are presented for illustration, using curves specially 
drawn in simplified form. Two further methods are used to describe 
impeller size. 
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CURVE NUMBER 1 

36"• COWMN 

10 12 14 MS I 20 22 24 26 28 30 
THOUSAND US. GAL LONS PER MINUTE 

FIGURE 9-7. PERFORMANCE CURVE FOR 36 INCH 
PUMP ROTATING AT 590 R.P.M. 
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CURVE NUMBER 2 

I-

~ 
~ 

5l 
~30-+---~~+--+---+>---+<-------'1---1:-r---f----T 
(,) 

I 
..J 

~ 
~25~+--+--~--'--l---+-~-4----l~~-+--'>.-4--1---.4--~-4-+---l--

55° 

-+--··--+---+---+-------+---+----- -L 

12 13 t4 15 16 17 18 19 20 21 22 23 

THOUSAND U.S. GALLONS PER MINUTE 

FIGURE 9-8. PERFORMANCE CURVE FOR 24 INCH MIXED 
FLOW PUMP ROTATING AT 700 R.P.M. 
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~ 
:E 
c( 
z 
~ 
a 25-+--+~---+~--t~---!~~+--+--b~~+'-<----'~-~~+-
b .... 

20 --+----+ .. 
37 83 666 

15 

-+---+ 

4t 72 566 
47° 66 509 
52° 61 470 

PERFORMANCE CURVE 
FOR 3611 MIXED FLOW 
PUMP ROTATING AT 
500 R.P.M. 

30 32 34 36 38 40 42 44 46 48 50 52 
THOUSAND U.S GALLONS PER MINUTE 

FIGURE 9 -9. 

9-13 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



Referring to the three curves shown, Curve No. 1, Figure 9-7 is 
for a 36" propeller pump, Curve No. 2, Figure 9-8, is for a 
24" mixed flow and Curve No. 3, Figure 9-9, is for a 36" mixed 
flow. Note that the column and elbow for the first and third 
pumps may be identical, but the bowl, shafting and motor are 
different. The example first compares two pumps of different 
sizes selected to pump the same quantity of water, but at different 
heads; and then compares two pumps of different sizes selected 
to pump different quantities of water, but at the same head. The 
comparisons are made using the Design Points shown on the curves. 

Curve No. 1 

Curve No. 2 

Curve No. 3 

The 36" propeller pump rotating at 590 rpm 
delivers 18,000 gpm at 13.0 ft. TDH. Impeller 
trim is .78 and a 75 HP motor is required. 
Efficiency at design point is 82.5%. 

The 24 11 mixed flow pump rotating at 700 rpm 
delivers 18,000 gpm at 31.0 ft. TOH. Impeller 
trim is 43° and a 200 HP motor is required. 
Efficiency at design point is 86%. 

The 36" mixed flow pump rotating at 500 rpm 
delivers 43,500 gpm at 31.0 ft. TOH. Impeller 
trim is 43° and a 400 HP motor is required. 
Efficiency at design point is 86.5%. 

Impeller trim and efficiency are interpolated between curves 
plotted. Motor size is always the next larger commercial size 
than the bare requirement read directly or by interpolation. 
Different manufacturers have different nomenclatures for impeller 
size or trim: this may be numerical or decimalized, or shown by 
angular degrees, or by the actual dimension of the impeller 
diameter, or by a series of letters. Study manu£acturers' curves. 

If unfamiliar with pump curves the reader should solve the follow­
ing: 

Curve No. 1 
{36" Prop.) 

{a) Find motor size and impeller trim required to 
deliver 14,000 gpm at 16 ft. TDH, and deter­
mine efficiency at this design point. 

{b) Find motor size and impeller trim required to 
deliver 26,000 gpm at 8 ft. TOH and determine 
efficiency at this design point. 

{c) With .78 impeller trim as in the example, 
determine discharge in gpm at 17 ft. and 
6 ft. TDH, with corresponding efficiencies 
and motor sizes required. 
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Curve No. 2 
(24" MF) 

Curve No. 3 
{36 11 MF) 

Answers: 

{a) Find motor size and impeller trim required 
to deliver 15i000 gpm at 40 ft. TDH and 
determine eff lciency at this design point. 

(b) Find motor size and impeller trim required 
to deliver 22,000 gpm at 15 ft. TDH and 
determine efficiency at this design point. 

(c} With 43° impeller trim as in the example, 
determine discharge in gpm at 40 ft. and 
15 ft. TDH, with corresponding efficiencies 
and motor sizes required. 

(a) Find motor size and impeller trim required to 
deliver 44,000 gpm at 30 ft. TDH and determine 
efficiency at this design point. 

(b) Find motor size and impeller trim required to 
deliver 35,500 gpm at 35 ft. TDH and determine 
efficiency at this design point. 

(c) With 420 impeller trim, determine discharge in 
gpm at 20 ft. TDH with corresponding effi­
ciency and motor size required. 

Curve No. 1 (a) 100 HP, . 70 imp., 7 5% efficiency. 

(b) 75 HP, 1.05 imp., 70% efficiency. 

( c) 13,800 gpm, at 17 ft. TDH, 100 HP, 72% 
efficiency. 

22,500 gpm, at 6 ft. TDH, 50 HP, 67% 
efficiency. 

Curve No. 2 {a) 200 HP, 41° imp., 81% efficiency. 

(b) 150 HP, 42° imp., 64% efficiency. 

} 
)See 
) Note 
)Next 
)Page 

(c) 13,800 gpm, at 40 ft. TDH, 200 HP, 77.5% 
efficiency. 

21,800 gpm, at 15 ft. TDH, 150 HP, 65.0% 
efficiency. 

Curve No. 3 (a) 400 HP, 430 imp., 85.5% efficiency. 

{b) 400 HP, 47° imp., 85.0% efficiency. 

(c) 50,200 gpm, 70% efficiency, 350 HP. 
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Note: For Curve No. 1 (c) it could be that the range over which 
the pump must operate would be from low water in the pump 
pit (maximum TDH 17 ft.) to high water (minimum TDH 6 ft.). 
Although at design point a 75 HP motor would suffice, a 
100 HP motor is required to pump from the low water level. 
This is frequently the case and more likely with propeller 
pumps than with mixed flow. 

The designer must always specify requirements which can be satisfied 
by pumps readily available on the commercial market. The pumps of 
any given manufacturer are normally available in a range of sizes 
and types so that capacities and heads can be tailored to suit 
most conditions. However, not every manufacturer can furnish an 
equally suitable pump for every condition. It is necessary for 
the pump station designer to refer to the catalogs of a number of 
manufacturers in developing non-proprietary specifications. 

9-C. VERTICAL PUMPS - PROPELLER AND MIXED FLOW 

Manufacturers normally make pumps of various material qualities 
and features according to their standards, but the standard 
products may not be entirely suitaple for all conditions or in 
accord with recommendations made in this Section. It is necessary 
to specify the materials and components of pumps adequately so 
that deficiencies will not cause operating problems. 

Discounting any provision or devices for varying the speed, the 
pump shaft and the impeller of a vertical pump will always rotate 
at the same speed as the motor, since the shaft is directly 
coupled to the motor. Standard electric motors rotate at a fixed 
speed depending on the supply voltage and the winding. Motors 
for vertical pumps within the range we are considering rotate at 
1,760 rpm, 1,170 rpm, 875 rpm, or lesser speeds, reducing in 
steps to as low as 220 rpm. These numbers are sometimes quoted 
a little differently, e.g., 880 in lieu of 875 rpm, but this is 
not significant. Pumps are designed to operate at these standard 
motor speeds. Speeds, of course, become less and less as pump size 
increases, and as a general principle the lower the speed, the 
longer the life of the equipment. Where an engine is used as the 
driver, the normal engine speed will be 1,200 rpm, and the right­
angle gear drive must have a suitable ratio to rotate the pump at 
its correct speed. 

The pump assembly of vertical pumps is suspended below the base­
plate by the necessary length of discharge column and elbow, with 
the pump bowl being adequately submerged into the liquid being 
pumped. An oil or grease lubrication system must be provided since 
the silty stormwater is not a suitable lubricant. 

The bowl assembly is the heart of the vertical pump and consists 
basically of a suction bowl or bell, discharge bowl, impeller, 
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DES~IPTION 
SUCTION BOWL 
DISCHARGE BOWL 
PUMP SHAFT 

BILL OF 

SHAFT ENCLOSING Tl.aE: 
DISCHARGE BOWL BEARING 
T~UST COLLAR RETAINER 
SUCTION BOWL BEARING 
IMPELLER 
SUCTION MANIFOLD PLUG 
THRUST COLLAR 
DIFFUSER CONE 
BOLTS 
NUTS 
TRANSITION 
IMPELLER KEY 
BOWL TUBE BEARING 
SEAL RWG 

SHAFT ENCLOSH3 TUBE 

TRANSITION OR COLUMN 

BOWL 

W""yr1'1Dfr+~.tj---THRUST COLLAR 

THRUST COLLAR 
RETAINER 

-----;t't""-....._-SUCTION BOWL 

BEARING 

GREASE PLUG 

MATERIALS 

MA!ERIAL 
ASTM A 48, CLASS 30 
ASTM A 48, CLASS 30 
AISI TYPE 410 
ASTM A 120 PIPE OR TUBING 
ASTM B 144, ALLOY 3A 
ASTM B 143, ALLOY 2B 
ASTM B 144, ALLOY 3A 
ASTM 8 143, ALLOY 2B 
STEEL 
AISI TYPE 410 
ASTM A 48, CLASS 30 
300 SERES STAINLESS STEEL 
300 SERIES STAINLESS STE EL 
ASTM A 283 GRADE D 
AISI TYPE 410 
ASTM B 143, All..OY 2B 
ASTM B 144, ALLOY 3B 

FIGURE 9-10. TYPICAL AXIAL - FLOW PUMP BOWL 
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SHAFT ENCLOSING Tl.EE 

BOWL TUBE BEARING 

TRANSITION OR COWMN 

----~--DISCHARGE BOWL 
UPPER BEARING 

DISCHARGE BOWL 

KEY 

-----+-+---THRUST COLLAR 
RETAINER 

SUCTION BOWL BEARING 

BILL OF MATERIALS 
DESCRIPTION MATERIALS 

SUCTION BOWL 
DISCHARGE BOWL 
PUMP SHAFT 
SHAFT ENCLOSING TUBE 
DISCH. BOWL UPPER BEARING 
DISCH. BOWL LOWER BEARING 
THRUST COLLAR RETAINER 
SUCTION BOWL BEARING 
IMPELLER 
SUCTION MANIFOLD PLUG 
THRUST COLLAR 
BOLTS 
NUTS 
TRANSITION 
IMPELLER KEY 
SEAL RING 
BOWL TUBE BEARING 

ASTM A 48, CLASS 30 
ASTM A 48, CLASS 30 
AISI TYPE 410 
ASTM A 120 Pll"E OR TUBING 
ASTM B 144, ALLOY 3A 
ASTM B 144, ALLOY 3A 
AST M B 14 3, ALLOY 2B 
ASTM B 144, ALLOY 3A 
ASTM B 143, ALLOY 2B 
STEEL 
AISI TYPE 410 
300 SERIES STAINLESS STEEL 
300 SERIES STAINLESS STEEL 
ASTM A 283 GRADE D 
AISI TYPE 410 
ASTM B 143, ALLOY 2B 
ASTM B 144, ALLOY 3B 

FIGURE 9-11. TYPICAL MIXED-FLOW PUMP BOWL 
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[ 

pump shaft, pump shaft bearings, and necessary parts to secure 
the impeller to the shaft. The suction and discharge bowls are 
separate units, provided with flanges accurately faced and drilled 
for connection to each other and to the discharge column. 
Figures 9-10 and 9-11 show that this applies to both axial-flow 
(propeller) and mixed-flow pumps. The suction bowl is designed 
to permit proper distribution of the liquid to the impeller and 
has a bell-shaped bottom designed to reduce entrance losses. All 
bowls must be designed to withstand not less than twice the 
maximum operating pressure of the pumps, when operating at the 
design speed. Diffuser vanes are integrally cast into the bowls 
above and below the impeller. The number of vanes must be 
sufficient to support the lower guide bearings as well as to 
sustain the weight of impeller and pump shaft when dismantling 
the pump. When oil lubrication is used, by-pass ports are pro­
vided in the discharge bowl upper guide vanes to drain excess oil 
from the shaft enclosing tube. The impeller must be firmly 
secured to the shaft by means of a key and thrust collar which 
should be the split type allowing the impeller to be removed 
from the bottom of the pump. The impeller must be balanced 
statically and dynamically to minimize vibration and wear, and 
the top of impeller hub should be equipped with a special seal 
ring to prevent rope, rags and other fibrous debris from wrapping 
around shaft above the impeller. 

The pump shaft is that section of shafting which supports the 
impeller in the bowl assembly and extends to a point immediately 
above the discharge bowl bearing and connects to the line shafting. 
The shaft dimensions must be large enough to transmit maximum 
driver horsepower and must operate without vibration or distortion. 
The pump shaft must be accurately turned, ground and polished pre­
cision shafting. The pump bowl must have bronze bearings immedi­
ately above and below the impeller, with the lower bearing pro­
tected by a sand collar covering the locking collar. This prevents 
sand or grit from entering. The suction bowl bearing must be 
packed with waterproof grease, and a shaft seal must be provided 
immediately above the impeller, with the bypass ports to drain 
excess oil from the shaft enclosing tube provided above the seal. 

The discharge column assembly consists of the driver support 
pedestal, baseplate, elbow, necessary sections of column, flanges, 
shaft enclosing tube, enclosing tube adaptor, line shafting, line 
shaft couplings, line shaft bearings, and enclosing tube tension 
device. On occasion, as illustrated in Figures 2-9, 2-18 and 
9-15, the discharge is above the floor of the pump station. In 
such cases, stiffening plates may be needed. Normally, the 
column is designed for suspension from the pump baseplate. The 
column, baseplate and elbow must be proportioned to safely support 
the bowl assembly and withstand the hydraulic pressure, dynamic 
forces, thrust, and any other load that it may be subjected to 
during transportation, erection or operation. Velocity of flow 
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ACCESS WINDOWS FOR 
COUPLING ADJUSTMENT 

DRIVER 

IN OPPOSITE SIDES OF 
PEDESTAL---"'.=::--IL 

~-r--DRIVER SHAFT 

OIL LUBRICATION 
SYSTEM 

' 

Lit£ SHAFT 

TENSION BODY 
LOCK NUT 

TENSION NUT 
BASE PLATE 

--44---TENSION BODY BUSHING 

TOP COLUMN 

ltilz:C:::.======:::::j==========:::;:tf-FLANGED CONNECTION 

INTERMEDIATE COLUMN­
~--~1--~-~1--~~ MAX 101 LENGTH 

PUMP PEDESTAL DESIGN 
DIAGRAMMATIC - NOT TO SCALE 

SHAFT 

SHAFT COUPLING 

SHAFT ENCLOSING 
TUBE 

SHAFT 

TUBE ANO BEARING 

ARE THREADED 

IE§§::f.J..._._5HAFT ENCLOSING 

TUBE SECTIONS 

SHAFT COUPLING SHAFT BEARING 

DETAIL DETAIL 

FIGURE 9-12. PUMP SHAFT DETAILS 
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in the pump column and elbow should be limited to a maximum of 10 
feet per second to avoid erosion of protective coating and 
unnecessary head loss and to minimize vibration. 

If more than one section of column is used to connect the bowl 
assembly to the discharge elbow, the diameter of any intermediate 
section must be the same as the diameter of the discharge end of 
the elbow. The lowest section of column may be a tapered transi­
tion to make connection to the bowl assembly. In the normal 
below-baseplate configuration, the section of column above the 
elbow and connecting the discharge elbow to the baseplate may 
be less in diameter than the diameter of the elbow at the discharge 
end, but the thickness of the material used in that portion of 
the column above the elbow should be equal in thickness to the 
material used for the elbow. 

The elbow and column may be fabricated from standard weight pipe 
or from steel of a corresponding thickness and should be 
machined between centers for perfect alignment and concentricity. 

The elbows should be long sweep elbows to AWWA standards with up 
to three intermediate sections. Elbows may have plain ends for 
flexible couplings, or may be flanged for direct connection to a 
check valve. There need be no guide or diffusion vanes in the 
column or elbow with the velocity and criteria given here. 

No portion of the pump assembly should be more than 10 feet in 
length to facilitate disassembly at the station, if this is 
planned, and the elbow and each of the column sections should be 
provided with lifting lugs or lifting eyes to facilitate the 
handling of these parts during removal and reinstallation. All 
parts except the suction umbrella should be removable through 
pump floor openings, and the pump column should be provided with 
a flanged connection between the baseplate and the discharge 
elbow as shown in Figure 9-1. 

The vertical pump baseplate should be set in a recess in the con­
crete floor slab with top of the plate set flush with the 
finished floor and with continuous even bearing to the supporting 
surface. An embedded steel frame is recommended. 

The electric motor or right angle gear pump drive should be 
mounted on a heavy fabricated steel pedestal, see Figure 9-12. 
Pump pedestals are essential for vertical pump installations. 
The pedestal is provided with diametrically opposite openings 
to permit access to the pump head-shaft coupling and enclosing 
tube tension device for adjustment, or to permit removal of the 
electric motor or gear drive. The pedestal should be integrally 
welded to the baseplate. A short section of pump column may be 
welded to bottom of baseplate with a flange for connection to 
pump extension above discharge elbow if in-station disassembly is 
contemplated. The pedestal should be fitted with lifting lugs 
of sufficient strength to support the weight of the complete 
pumping unit. This facilitates original installation and subse­
quent removal. 
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ONE GALLON OIL 
RESERVOIR 

BY-PASS SIGHT 
FEED VALVE 

SOLENOID VALVE MAIN SIGHT 
FEED VALVE 

PUMP 
LINE SHAFT 

UPPER 
BEARING 
RETAINER 
a TENSION 
BODY 

UPPER BEARING--

SHAFT ENCLOSING 
TUBE----

INTERMEDIATE 
BEARING~--~ 

FIGURE 9-13. TYPICAL OIL LUBRICATION SYSTEM 
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MIXED-FLOW PROPELLER 

VERTl-LINE VERTICAL PUMPS 

ENCLOSED 
LINE 

SHAFT 

1. Head Shaft 
2. Sight-feed Lubricator 
3. Head Shaft Coupling 
4. Discharge Head 

Assembly 
5. Below Surface 

Discharge Baseplate 
6. Tubing Tension 

Assembly 
7. Shaft Enclosing Tube 
8. Line Shaft Bearing 
9. Line Shaft 

10. Pump Shaft Coupling 
11. Pump Shaft 
12. Flanged Joints 
13. Cast Discharge Case 
14. Discharge Bowl 

Bearing 
15. Shaft Lip Seal 

(Optional) 
16. Impeller/Propeller 
17. Thrust Ring Retainer 
18. Suction Case Bearing 
19. Cast Suction Bell 

COURTESY OF AURORA PUMP • A UNIT OF GENERAL SIGNAL 

FIGURE 9-14 
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The pump drive shaft connects the motor or gear drive with the 
pump bowl and transmits power from one to the other. Due to the 
pump setting, the drive shaft may be as long as 40 feet (see 
Figure 2-22). However, in most cases it will be less. To remain 
within practical limits of size, the shaft will need intermediate 
bearings and these are normally provided at a spacing of 5 feet. 
This spacing enables the shaft diameter to be limited to levels 
dictated by the torque-induced shear without concern for the 
centrifugal (whirling) effect. The stretching of the shaft due 
to the force induced by the lifting of the water is also taken 
into account by the pump manufacturer. Drive shafts are sometimes 
furnished without an enclosing tube, but this is not recommended 
for stormwater pumping, unless grease lubrication is provided. 
With no enclosing tube, the intermediate bearings are supported 
from the sides of the pump column, and may be lubricated by the 
passage of the fluid being pumped. As previously stated, this 
is not desirable with silt-laden stormwater and a positive grease 
seal must be provided. Some agencies have found this grease 
lubrication satisfactory, while others specify a shaft enclosing 
tube. The tube performs the multiple functions of providing a 
stiff structure to support the bearings, a means of isolating the 
bearings from detrimental fluids being pumped, and a down-flowing 
conduit for the oil lubricant. 

The shaft enclosing tube is designed to support the line shaft 
bearings and to prevent leakage of the pumped fluid into the 
shaft assembly. The tube may be threaded internally to receive 
a combination tube coupling and line shaft bearing, and may be 
fabricated in lengths not over five feet. The shaft enclosing 
tube may connect directly to the bowl assembly or may be 
connected by means of an adaptor or diffuser cone. The enclosing 
tube adaptor or diffuser cone should be cast iron or be fabricated 
from steel plate. Details relating to the shaft enclosing tube 
and bearings are also shown on Figure 9-12. 

The pump, if so constructed, is unquestionably a superior piece 
of machinery. However, its cost-effectiveness is questionable 
due to the small number of annual hours of operation of a storm­
water pump station and the relative ease of providing effective 
grease lubrication. Fresh-water flushing of bearings is also a 
viable alternative where there is a municipal water supply. 

Calculations relating to pump drive-shaft sizing are regarded 
as a manufacturer's responsibility. The pump station designer 
should limit his responsibilities to the overall project, with 
appropriate assurances from others that their components meet 
specified requirements. 

It follows that all vertical pumps must be equipped with effec­
tive lubrication systems. The recommended type is the oil 
system which supplies oil to the line shaft bearings. In this 
type, the pump shaft is totally enclosed in an oil tube which 
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extends from the pump baseplate to the top of the pump bowl. 
When the pump starts a solenoid valve opens and admits oil to the 
line shaft from bearing to bearing by means of passing through 
a groove in each bearing. The rate of oil dripping is controlled 
by an adjustable sight-feed valve. A metal reservoir should be 
furnished to provide enough oil for a minimum of one month 
operation or as recommended by the maintenance management program 
for the facility. 

A typical oil lubrication system is shown in Figure 9-13. It 
should be noted that a by-pass sight-feed valve also provided 
to provide oil to the shaft bearings manually before operating 
the pump. This should be done regularly between periods of 
idleness or at planned exercise runs. Other methods of lubrica­
tion may be used such as pressure greasing of each bearing 
through a pressure grease system and grease lines to each bearing, 
or by packing the entire enclosing tube with grease. 

A peculiarity in regard to the use of vertical pumps is that 
where the pump pit depth, and therefore the submergence, are to 
be held to minimum levels, then the manufacturer's standard item 
is incompatible. In order to hold to the above minimum, the pump 
must be equipped with a suction umbrella to reduce the peripheral 
bell velocity and, therefore, control the inflow to the pump to 
avoid vortexing. Note that the name umbrella refers to the shape 
of the appendage accessory -- actually a flat plate of equivalent 
diameter has proved to be equally effective. The principal con­
sideration is that on account of its size, the single, two-or four­
piece umbrella must be bolted to the underside of the pump suction 
bell and must be removable prior to any attempt to remove the pump 
from the station. Stainless steel clamps, bolts, studs or nuts 
may be jus fied. (See Figure 9-18). 

Two more important factors in vertical pumps design are pump 
thrust and bearing life, both of which are primarily the manu­
facturer's responsibility. The pump station designer should only 
be required to specify necessary performance in discharge and 
head and receive assurances that the pump will perform satisfactor­
ily for a span of years under these conditions. However, manu­
facturers' literature does provide the criteria on which pump 
thrust and bearing life are computed. The minimum life of a 
bearing is equal to the number of hours or years o continuous 
operation when 10% of all the bearings operating under identical 
conditions will have failed. The minimum, or as it is more 
commonly called, the B-10 life( is the life expectancy which is 
normally used in specifications. 20,000 hours is a normal standard. 

Protective coating of the metal elements of the vertical pump is 
very important, since a large surface area of the pump is exposed 
to detrimental environments. Operational factors extend from 
continuous immersion of the pump bells in a brine solution result­
ing from run-off of road salt to abrasion of the column protec­
tion due to passage of silt-laden water at high velocities. 
Epoxy coating is recommended. 

9-29 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



Manufacturers' catalogs always provide a wealth of information 
which should be closely studied. Dimensional data for a range 
of small pumps has been extracted from a catalog and is shown 
as Figure 9-15. Pump column, elbow and velocity head losses, 
important in calculating total dynamic head, are shown in the 
extracts used for Figures 9-16 and 9-17. Note that not only the 
numerical values, but also the presentation will vary from one 
manufacturer to another. 

9·-D. SUBMERSIBLE PUMPS 

Submersible pumps are a relatively new type of pump to qualify 
for consideration for performing the total pumping function at 
a stormwater pump station in the average capacity range. This 
is because the physical size and role of submersible pumps 
has been so greatly expanded beyond their previous limitations. 
Previously they could serve only as sump and clean-up pumps 
with relatively low capacity, or be the main pumps in only the 
smallest stations. Future developments will include the pro­
peller type in both horizontal and vertical configurations. 

Regardless of size, submersible pumps may be manufactured in 
two different ways: in the first way, one manufacturer makes 
both motor and pump; in the second way, the pump manufacturer 
utilizes a proven submersible motor and couples it directly to 
a pump which he has manufactured. In general, the first way 
represents European practice, while the second represents U.S. 
practice. However, both types are manufactured in the U.S. 

Motors vary in that the motor of European origin is air-filled, 
while the domestic motor is oil-filled. In either case, there 
is an oil seal between motor and pump which is critical, and 
is usually monitored to determine whether any infiltration of 
the pumped fluid into the motor is occurring. 

Other points of difference are that one type of pump has a com­
pletely recessed impeller, out of the stream of pumped fluid, 
while the other has a specially shaped non-clog impeller. In 
principle, the latter is much as described in Section 9-E for 
the horizontal centrifugal pump. A difference in mounting is 
that one type engages a tapered metal-to-metal seating where the 
pump casing discharges into the discharge elbow and riser. The 
removal method is to slide the complete pump up guide pipes out 
of the pump pit. By contrast, the other type of pump has a 
base which enables it to sit upon the concrete floor of the sump, 
with a flexible discharge hose leading upwards and out of the 
sump. The pump can be lifted out of the sump flexing the 
discharge line. 
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Although intended to operate with both pump and motor completely 
submerged, there are occasions when the motor will not be 
surrounded by water, with its cooling effect. Some submersibles 
have the motors with the capability to run dry for extended 
periods without overheating or damage. Other submersibles have 
limited capability to run in this condition without damage, or 
they may be fitted with cooling sprays fed from the pump which 
allow the pump to pump down and break suction on every cycle so 
as to virtually empty the sump completely. The ability to pump 
dry is more important in sewage applications than in stormwater. 
Most manufacturers' literature on submersible pumps places more 
emphasis on sewage and wastewater than on stormwater applications. 
The designer should not misinterptet factors applicable to sewage 
and apply them to stormwater installations. 

Figure 9-19 shows the smaller and more familiar submersible pump 
with the Reliance motor which is of U.S. manufacture. The 
Essco pump has a recessed impeller with flat back or shroud. In 
Chapter 14 - Construction Details, Figure 14-20 shows the flexible 
hose discharge connection with a call-out of all the necessary 
fittings. The range of these smaller pumps now extends to about 
1,500 gpm at 60 feet total dynamic head. The limitation is the 
available motor size, and the fact that the efficiency of the 
recessed impeller is about 50%. 

By contrast, Figure 9-20 is reproduced from a photograph of a 
20" Flygt CP 3500, showing ease of handling by mobile equipment. 
When fitted with a Type 4 impeller and a 100 HP motor rotating 
at 502 rpm, this pump will deliver in the range of 10,000 gpm 
at 25 feet total dynamic head. These figures are interpreted 
from the pump performance "envelope" shown in Figure 9-21, and 
must be verified from manufacturers' published performance curves 
for each pump and impeller. A performance chart fo: the . 
Flygt CP 3300 showing differing sizes of ~mpellers.is ~hown in 
Figure 9-22. Note that the pump size varies to suit high head, 
standard or high volume conditions. 

In general, the in-flow non-clog impeller wil~ show substan­
tially higher efficiencies than the recess~d impel~er, and these 
are obtained and usable in stormwater pumping provi~ed adequate 

· · 0 is made for properly fluidizing the abrasive stream 
provisi n d Th' . done by the use 
to which the stormwater pump is expose . . is is 
of an agitator spray ring, which releases Jet~ of water a~d 
flushes away and fluidizes the blankets of 9rit ~r.mud whi~h ~ay 
b ild u around the pump during periods of inactivity. This is 
p~rticularly important with small submersible pumps used as sump 
or clean-up pumps. 

rin is controlled by a solenoid valve in the pump 

~~=r~l~~ycirc~it, with a time~delay relay fort~h=t~~~: ~~:r~~ray 
Then, when the pump c~ntro~tsii~a~~i~~ea~~~~n for ten to fifteen 
will commence and per ormti st uBy this means, the pump is 
seconds before the pump s ar s. 

9-35 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



Lifting handle 

Inlet 

FLYGT 7000 SERIES 
PROPELLER PUMP 

FIGURE 9-23. 
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i 
r 

protected from the harmful effect of grits and sands entering the 
pump without sufficient dilution by water. Where large sub­
mersible pumps are used (see Chapter 6 - Wet Pit Design) the 
flushing action of the water makes such precautions unnecessary. 

A final illustration is the propeller-type vertical submersible 
shown in Figure 9-23. This pump is becoming available in various 
sizes and horsepowers to compete directly with the conventional 
vertical pump. 

A specification for a submersible pump will be found in Appen­
dix D - Specifications. However, certain features such as the 
recessed impeller are required in the referenced specification, 
which should be used as a guide only, and should be adapted as 
necessary to suit the judgment of the designer. 

9-E. HORIZONTAL CENTRIFUGAL NON-CLOG PUMPS 

This type of pump is a particular configuration of the non-clog 
dry-pit pump which has been found suitable for use in small 
stormwater pump stations. Refer to Figures 2-1, 7-1 and 7-2. The 
origin and principal use of this pump is to pump sewage; therefore, 
capacities in gpm are limited, but the available total head exceeds 
250 feet for some models. The non-clog feature evolved from the 
necessity of passing solids when pumping sewage, and this has now 
been successfully utilized in pumping silt-laden stormwaters. An 
effective capability for settling out solids in the storage box 
has been provided, with a consequent reduction in the solids 
passing through the pump. Less wear on the pump should result. 

Pumps of this type are furnished with motors in various speeds 
from 1,750 rpm down. Consistent with other types of pump, the 
higher speeds are more applicable to smaller pumps or higher heads. 

When there is more need for quantity than head, the slower speed 
pump is more suitable. Pumps with six-inch to twelve-inch diameter 
suction and six-inch to ten-inch diameter discharge have been 
utilized, which with motors wound for 1,150 or 870 rpm deliver 
about 1,500 to 5,000 gpm at forty feet total dynamic head. 

Non-clog pumps are fitted with two-port closed impellers as 
standard. These have two water passages and contoured leading 
edges for optimum clog-free operation, the solids passing through 
the impeller. As an alternate, vortex impellers can be furnished 
which rotate clear of the water flow. The vortex action does not 
require solids to actually pass through the impeller and this 
type is sometimes offered as the best solution to extreme problems 
with the pumping of fluids containing waste and grit. 

Neither type of impeller is very efficient, the two-port rating 
about 70% average, and the vortex type rating 50% or less. 
However, reliability of equipment is far more important than 
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FIGURE 9-24. 
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Horizontal Centrifugal Pump Components 
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efficiency. In this regard, the dry-pit station, storage box 
combination with the horizontal centrifugal non-clog pump, repre­
sents mechanical and electrical simplicity with high reliability. 

Figure 9-24 illustrates a typical horizontal centrifugal non-clog 
pump. The motor is directly coupled by flexible coupling to the 
pump, and both are mounted on a fabricated steel or cast-iron 
base which provides an integral drip rim and drain connection. 
Any dripping from the pump seal then drains away freely. The pump 
casing can be plainly identified in the figure. It is cast from 
high-grade gray iron Class 30 and should be complete with suction 
and discharge gauge taps and drain taps. It should also be pro­
vided with a contoured hand-size clean-out, to allow inspection 
at any time and removal of debris. Highway debris of the floating 
type may find its way through the gratings or trash bars and lodge 
in the impeller of the pump. The hand-hole will permit removal 
of the obstruction without dismantling the complete pump. 
Although the discharge can be furnished in other positions, the 
vertically upward position is required for the dry-pit station, 
as illustrated. 

The pump must have a seal where the rotating shaft enters the 
casing. A mechanical seal should be specified for the most severe 
service, but in stormwater applications, a stuffing box has been 
found satisfactory. See Figure 9-25. The grease and water 
slinger seals which protect the bearings at each end of the bearing 
frame are also shown, together with an illustration of the two­
port impeller. 

By comparison with the vertical pump, the horizontal centrifugal 
non-clog pump is a relatively simple piece of machinery to 
select and specify. Reference to manufacturers' literature will 
amplify the outline given here. An effective specification 
follows, which may be used verbatim, merely requiring insert~on 
of the number of pumps and their required performance. 

Pumps for Dry Pit Service 

General 

Pumps for dry pit service shall be single-stage, horizontal 
shaft, nonclog, end inlet, top discharge, centrifugal type. 
The pumps shall have volute casings with flanged suction 
and discharge •..•.. pumps shall be furnished having a 
capacity of ..••. U.S. gpm at a total head of ..•.. feet, 
and a secondary capacity of •.... U.S. gpm at a total 
head of ••... feet. Shut-off head shall not exceed 
..... feet. Motor horsepower shall be not less than .•••• HP 
and speed shall be •...• rpm. 

Casings 

The volute casing shall be a substantial casting to with­
stand the abrasive action of sand and other foreign 
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matter contained in the stormwaters, and shall be equipped 
with a hand-hole or access to the suction side of the 
impeller. 

Solid casing pumps shall be built so that the shaft, 
impeller and bearings may be removed by unbolting the 
backhead. Horizontal split casing pumps shall be split 
on the horizontal axis. 

Each casing shall be provided with eyebolts or lugs for 
lifting and handling with the shaft in a horizontal position. 
Suitable feet and sole plates with anchor bolts or baseplates 
shall be provided for each pump. The feet and sole plates 
for the pump shall be designed to support the entire weight 
of the equipment on the foundation without strain on the 
suction or discharge flanges. Suction and discharge 
nozzles shall be flanged with drilling and dimensions meet­
ing the requirements of ANSI Bl6.l, Class 125. 

Impellers 

Impellers shall be of the enclosed type, bronze, dynami­
cally balanced, and designed to prevent clogging and to 
pass trash and stringy material in the stormwaters. 
Impeller vanes shall have well rounded entrances, finished 
all over, and all water passages shall have smooth contours 
free from sharp edges. The impeller shall be secured to 
the shaft by a key, and shall be held in place by an 
impeller nut. After the impeller nut is tightened, it 
shall be held in place by an ample sized set screw in a 
tapped hole, and embedded at least 3/8" into the impeller 
or the pump shaft. It is the intent to secure the impeller 
to the shaft in such a manner that the impeller cannot 
become loosened due to torque resulting from rotation in 
either direction. The nut shall be recessed into the 
impeller hub and shaped to provide smooth flow at the eye 
of the impeller. The arrangement, however, shall provide 
for easy removal of the impeller. 

Shafting Assembly 

The pump shaft shall be made of AISI type 416 stainless steel, 
ground and polished, and key seated for mounting of the 
impeller and coupling between motor and pump. The shaft 
shall have a replaceable stainless steel shaft sleeve with 
a ceramic coating (600 Brinell) where it passes through 
the stuffing box. 

The pump shaft shall be of sufficient diameter to carry the 
~aximum load imposed, and to assure rigid support of the 
impeller and to prevent excessive vibration at the operating 
speed. 
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Bearinss 

Each pumping unit shall be provided with guide bearings of 
the anti-friction ball or roller type of ample size to 
carry the radial loads, and a thrust bearing at the 
coupling end of the frame. Bearings shall be oil or 
grease lubricated and shall be entirely independent of 
the casing and stuffing boxes and shall have sufficient 
space to allow packing of the stuffing boxes without 
disturbing the bearings. All bearings shall be made to 
limit gauges to assure interchangeability of like parts. 
All removable bearing housing supports, or brackets 
affecting alignment shall be shoulder fitted and provided 
with adequate dowel pins. Holes with grease relief 
fittings or brass plugs shall be furnished to facilitate 
greasing. The relief holes shall be readily visible and 
accessible. 

All bearings shall be accessible and be designed for 
convenient repair or replacement, and shall have a B-10 
life of 50,000 hours. 

Lubrication 

Anti-friction bearings shall be either oil or grease 
lubricated. If grease lubricated, ~revision shall be 
made to maintain a reserve of grease to assure positive 
lubrication. 

Each bearing shall be individually piped to a fitting 
conveniently located. 

If oil lubricated, a reservoir system or other approved 
method shall be used. All bearings shall be provided 
with oil reservoirs to insure a constant supply of clean 
oil and with suitable gauges to give visual indication 
that an adequate supply of lubricant is available and is 
being supplied to the bearings. 

Stuffing Boxes 

Each pump shall be provided with a stuffing box to 
exclude air from the casing and to reduce water leakage 
to a minimum. Each stuffing box shall be provided with a 
water seal and bronze split type gland designed to 
facilitate adjustment and repacking. Stuffing boxes 
shall be properly packed with suitable packing material. 

General Construction Features 

The pump shall be built so the shaft, impeller and bearings 
may be removed by unbolting the back head and not dis­
turbing the piping. 
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A spacer coupling shall allow the removal of the pump 
without disconnecting the motor. The pump shall have 
axial external impeller adjustment to adjust the case 
impeller clearance without disassembling the unit and 
shall not depend on shims or spacers. 

Wearing Rings 

Removable wearing rings shall be installed at the inlet 
side of the impeller and at the casing of the pumps. 
Wearing rings shall be made of series 400 stainless steel. 
The Brinell hardness shall not be less than 300 for the 
casing rings and 350 for the impeller rings. Wearing 
rings shall be secured in a manner to prevent loosening 
in normal operation or by reverse pump rotation. Wearing 
ring clearances shall be not less than 1/1000 of an inch 
per (1) one inch of wearing ring diameter. The casing 
ring shall be drilled and tapped to allow flushing from 
an external source. Replaceable wearing plates meeting 
the requirements of the above specification may be furnished 
instead of wearing rings. 

Pump and Motor Base 

The base for each main pump and motor shall be of cast 
iron or welded steel construction and of such rigidity 
as to keep the pump and motor in alignment permanently. 
The base shall be furnished by the manufacturer of the 
pump and the pump and motor assembled thereon and aligned 
by him. The units shall be connected with a flexible 
coupling of a type recommended by the pump manufacturer. 
The coupling shall be equipped with a guard that meets 
OSHA requirements to prevent accidental contact. 

Installation 

The pumping unit shall be set in place on levelling devices. 
All suction and discharge piping shall be in place and 
all flange bolts tightened. The nuts of expansion type 
anchor bolts shall be tightened against the base. The 
space under the base shall be packed with non-shrink grout 
and the void within the base shall be completely filled 
with non-shrink concrete and the anchor bolts retightened. 

Testing and Guarantees 

Any requirements considered necessary for performing 
testing, guarantees or the like should be added to suit 
the specifying agency. 

Protective Coating 

The required standard of protective coating must also be 
specified. 
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9-F. SCREW PUMPS 

The principle of pumping water with a screw pump has been known 
since its invention by the Greek mathematician, Archimedes, in 
the third century, B.C. After the piston pump was developed 
in the nineteenth century, and later the centrifugal pump, the 
screw pump was considered obsolete because of its lower head 
capacities. 

Since 1950, the screw pump has been redeveloped because it offers 
many advantages over centrifugal pumps. Screw pumps are non­
clogging, require no pre-screening and pass any debris as large as 
the gap between the screw flights. They operate at slow speeds 
and require only minimum repair and maintenance. They are 
highly efficient over most of their operating capacity and pump 
from zero to full capacity according to inflow to the station. 
Twenty of lift to a free discharge is readily obtained and 
this range will be found suitable for many highway pumping 
requirements. Pumps are manufactured with one, two or three 
flights, the greater number of flights increasing the capacity, 
but reducing the head. Several angles of inclination are avail­
able, but the 30° slope is most applicable for highway use. For 
economy and reliability, two or more screw pumps are usually 
installed in a given pump station. 

Figure 9-26 shows the general arrangement and principal parts of 
the three-flight pump. Figure 9-27 shows a tabulation of pump 
characteristics and typical performance curves. Hydraulic and 
construction details for screw pumps are shown in Figure 6-9, 
Chapter 6. - Wet Pit Design. 

The following general description of screw pump components and 
features will be found suitable as a guide for the writing of a 
specification, the number of pumps and required head and capacity 
being stated as necessary. Although electric motors are normally 
used for screw pumps, gas engines driving through reduction 
gears have been utilized. 

Screw Pump Components and Features 

Lower Bearing 

The lower bearing is a grease lubricated sleeve bearing 
that is totally enclosed, hermetically sealed, and auto­
matically lubricated. Radial forces are absorbed by the 
lower bearing, which is fitted into a fabricated housing 
of special design. A mechanical lip seal keeps water from 
the bearing. An automatic grease pump lubricator driven 
by a 1/3 HP motor feeds grease to the bearing housing 
during operation. The shape of the bearing housing assures 
an even flow of lubricant. 
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!!Q, PART NAME 

GEARED MOTOR 
2 FLEXIBLE COUPLING 

3 UPPER BEARING 

4. LOWER BEARING 

5. UPPER BEARING STAND 
6 LOWER BEARING STAND 

7 

8 

9. 

10. 

It 

UPPER SHAFT 

LOWER SHAFT 

SCREW SHAFT 

SCREW BLADE 

SHAFT COUPLING COVER 

THREE-FLIGHT TYPE 
OF SCREW-PUMP 
INCLINED AT 30° 

FIGURE 9-26. GENERAL ARRANGEMENT 
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GALLONS SCREW DIAMETER, INCHES MOTOR HORSEPOWER 

PER HEAD, FEET HEAD, FEET 

MINUTE 5 10 15 20 25 5 10 15 20 

160 12 12 16 314 1h 
16 16 16 I 2 3 

500 20 20 20 2 3 

eoo 24 3 5 
"Tl 1200 24 30 3 7Y2 -Ci) 30 30 5 10 

<D c 
2100 36 36 36 5 10 

I ::0 
7~ ~ ITI 3000 36 36 36 15 20 

O> 
<D 

4200 42 42 42 42 10 20 25 40 

I 5400 48 48 48 48 54 15 25 40 50 
I\) 7000 54 54 54 54 60 20 30 50 60 :--.I 

9000 60 60 25 

11000 60 60 60 

14000 72 72 

16000 72 72 72 

22000 84 84 84 

28000 96 96 96 

SCREW PUMP CHARACTERISTICS 
300 INCLINATION 
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I 

0 0 0 500 1000 1500 
CAPACITY, GPM 

PERFORMANCE CURVES FOR 30-INCH SCREW 
PUMP LIFTING WATER AT 1500 GPM THROUGH 
15 FT. HEAD AT CONSTANT SPEED- FREE 
DISCHARGE 
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The sleeve bearing compensates for changes in overall 
le~gth of the screw caused by temperature changes. A 
~hield shall be provided in front of the bearing in the 
influent chamber to prevent floating debris from winding 
around the shaft . 

Upper Bearing 

The upper bearing carries the weight of the screw and water 
and absorbs the thrust of the pumping action. It is a 
dual bearing fitted into a special split housing. The 
split housing permits easy access of the two bearings. 
A thrust bearing absorbs the thrust from the pump; a radial 
bearing absorbs radial loads. The housing is double 
sealed to protect the bearing from foreign materials. 

Drive 

The screw pumps shall be motor-driven through a double 
reduction helical gear reducer and flexible coupling or 
shaft mounted reducer. The gear reducer steps down motor 
speed to screw speed and is connected to the motor by 
V-belts. Loading is low because the screw is empty while 
starting. Backstops are required on all units to prevent 
reverse rotation if the screw is shut down. All screws 
should be furnished with backstops as standard equipment. 
Neither a variable speed drive nor complex electrical 
controls are needed. Automatic operation can be arranged 
with electrodes. or pneumatic water level controls. 

Screw 

The spiral screw consists of a hollow revolving steel tube 
to which is mounted helically shaped flighting made of 
steel and continuously welded on both sides to the tube. 
For varying operating requirements, the screw can be 
designed for 1, 2 or 3 flights. End plates should be 
welded to the tube ends, to which the bottom and upper end 
bearing stub shafts are bolted. Screw length is limited 
by deflection. All screw pump parts corning into con~act 
with the waters should be sand blasted and sprayed with a 
special corrosion-resistant coating. A steel deflector 
plate mounted on the screwtrough should curve around the 
upper section of the screw to prevent spills as the screw 
rotates. 

Safety 

The screw should revolve in an open tro':1gh (part of which 
is located in a pit), and every precaution ~hould be taken 
to prevent personnel from entering the pumping.area. The 
pit should be covered with grating, and handrails should 
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be installed between the trough and the service stairs, 
all as shown on plans. The control equipment for the 
drive motor should be interlocked so that the screw cannot 
be started accidentally. 

9-G. ANGLEFLOW PUMPS - VERTICAL TYPE 

This type of pump is illustrated in Figures 2-5, 2-6, 9-28 and 
9-29. The first two of the figures show a typical arrangement 
with the pumps taking suction from the wet-well through 7lbows 
and piping to the bottom flange of the casing. The vertical 
drive shafts to the motors will also be observed. The second 
two figures show details of pump construction and are extract~ 
from a manufacturer's catalog. Note that these pumps are avail­
able in a wide range of sizes and capacities. They can also 
deliver at high heads. There is great similarity between this 
pump and the horizontal non-clog centrifugal. 

Typical specification data is included as Figure 9-30 contin­
ued with Figure 9-31 to show alternate materials which are 
available for impellers and other parts. 

This type of pump is sometimes mounted on a cast-iron base which 
incorporates a suction elbow turning from horizontal to vertical. 
Also the motor is sometimes mounted on top of another metal 
support frame attached to the top of the pump. This eliminates 
the long vertical shaft as shown in Figure 2-5. 

Some manufacturers refer to this type of pump as a sewage pump. 
It is of the non-clog type and depending on size can pass spheres 
up to six inches in diameter. This may be of value where trash 
screening is inadequate. 

An advantage claimed for this type of pump is the small floor 
area required to accommodate it. For the small dry-pit station 
illustrated in Figure 2-1 and elsewhere this type of pump could 
be considered, mounted vertically. A disadvantage would be the 
two additional elbows required, one in the suction and one in 
the discharge compared with the piping arrangement shown in 
Figure 2-1. 

When this.type of pump is being considered the catalogs of 
several.different manufacturers should be studied in order that 
the vario~s features of the pump are fully understood. From the 
data herein and from the catalogs an adequate specification can 
then be developed. 

* * * * * * * * * * * 
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VERTICAL DRY-PIT ANGLEFLOW PUMPS 
COURTESY OF CROSS-SECTION AND PARTS 

5713. 14" 

REF. DESCRIPTION NO. 
1 IMPELLER 
4 SHAFT 
9 NUT, IMPELLER 

10 RING, WATER SEAL 
14 SLEEVE, SHAFT 
16 WEAR RING, CASING 
17 WEAR RING, IMPELLER 
18 COLLAR, BEARING 
19 GLAND HALF 
30 VOLUTE 
33 FRONTHEAD 
34 BACKHEAD 
70 COLLAR, SHAFT 
90 FRAME 

102 KEY, IMPELLER 
126 DEFLECTOR 
139 HOUSING, BEARING OUTER 
139A UP SEAL 
140 COVER, OUTER BEARING HOUSING 
140A LIP SEAL 
156 GASKET, VOLUTE 
158 HOUSING, BEARING INNER 
158A UP SEAL 
159 COVER, INNER BEARING HOUSING 
159A LIP SEAL 
161 LOCKNUT, BEARING 
162 LOCKWASHER, BEARING 
163 BEARING, INNER 
166 GASKET 
168 BEARING, OUTER 
168A BEARING, OUTER 
186 SHIM 
186A SHIM, BEARING OUTER 
202 COVER, VOLUTE HAND HOLE 
203 GASKET, HAND HOLE COVER 
212 PACKING 
219 CUP, GLAND 
223 COVER, SUCTION HAND HOLE 
272 KEY, COUPLING 
290 COVER, SUCTION HAND HOLE 
291 GASKET, SUCTION HAND HOLE 
311 GLAND RING 

FAIRBANKSMORSEPUMPS~~~~~~~~~~~~~~~~~~~~~~~--

FIGURE 9-28. 9-49 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



6711 - 8" THROUGH 16" 
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COMBINATION BASE- ELBOW 
5711·12", 14" AND 16" 

l<IOA 

6711 -42" 

VERTICAL DRY-PIT ANGLEFLOW PUMPS COURTESY OF 
FIGURE 9-29. CROSS-SECTl_ON AND PARTS FAIRBANKS MORSE PUMPS .:...:.::=.::.::..:....----~~~.:.:==-=~9~-~5~0~~~-
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GENERAL 

5711 
VERTICAL ANGLEFLOW PUMPS 

TYPICAL SPECIFICATIONS 

Co.ntractor shall furnish and install a qu~ntity of __ Fairbanks Morse __ .. x __ "Model 571 __ vertical dry pit angleflow pumping 
units. Pumps are to be connected to drivers by !flexible) (solid) shafting with guide bearings as required. Drivers shall be mounted on heavy duty 
ring bases which provide access to the motor shaft coupling. 

CONDITIONS OF OPERATION 

Each pump shall be capable of providing the following hydraulic conditions: 
Design Condition of __ GPM, __ 'TH __ %Efficiency, at __ RPM. 
Secondary Point: __ GPM, __ 'TH. 
Maximum shutoff head shall be __ 'TH. 
Net Positive Suction Head Available (NPSH-AI at center of pump impeller is __ 'at __ GPM. 
Liquid is __ with a maximum temperature of __ OF. 

PUMP COMPONENT CONSTRUCTION 

Each pump shall be constructed as follows: 

IMPELLER 

Impeller shall be __ vane, enclosed, single suction, non-clogging type designed to pass a minimum sphere size of __ ". Wiper vanes on 
the impeller back shroud are not allowed. The impeller is to be dynamically balanced and secured to a straight fit on the shaft by means of a 
key and locknut with setscrew. 

VOLUTE 

Volute is to be one-piece cast (30" and up, splitl with side flanged tangential discharge. Discharge flange shall be rated 125# per A.N.S.I. stand· 
ards. Volute design to permit front or back impeller removal and be capable of rotation in 45° increments to accommodate piping orientation 
independent of the base location. Diffusion vanes are not permitted. A volute handhole for inspection and cleanout at the impeller is required. 
Nominal casing thickness is to be __ ". Casing shall be hydrostatically tested to two times the design head or 1.5 times the shutoff, 
whichever is greater. 

FRONTHEAD AND BASE 

Units 36" and smaller shall have the base cast integrally with the fronthead. (NOTE: Integrally cast base, fronthead and suction elbow is 
available in 12", 14" and 16" sizes.) Suction flange shall be rated 125# per A.N.S.I. standards. Fronthead shall incorporate a handhole for 
inspection and a __ "flanged suction. 

BACKHEAD 

Backhead shall be provided with an integrally cast stuffing box. The stuffing box is to accommodate a minimum of __ rings of packing and 
a seal cage. A split gland shall be furnished. Provisions are to be made for draining stuffing box leakage. 

FITS 

Volute, suction, backhead, and frame shall be manufacutured with concentric shoulder fits to assure accurate alignment. 

SHAFT 

Shaft shall be made from high quality steel, of sufficient diameter to carry the maximum load imposed and to prevent vibration and fatigue. 
Shaft is to be accurately machined along its entire length. A renewable straight or hooked type shaft sleeve, positive adhesive sealed, shall 
protect the shaft through the stuffing box area. 

WEARING RINGS 

Annular type removable wearing rings are to be provided on both the impeller and suction head. They shall be made to withstand abrasion, and 
provide a seal between the impeller and suction head for reduction of recirculation. The impeller wear ring shall be approximately 50 Brinell 
softer than the suction head ring. 

FRAME 

Frame shall be of rugged design, completely enclosing the shaft between bearings. Bearing supports are to be of heavy duty construction and 
line bored for accurate and permanent bearing alignment. Bearing housings shall be dust proof incorporating lip seal in contact with the pump 
shaft for units 18" and larger. Provisions for external impeller adjustment shall be provided. 

COURTESY OF 
------------------------FAIRBANKS MORSE PUMPS 

FIGURE 9- 30. 9-51 
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BEARINGS 

Size 8" Thru 16": Radial (inboard) bearing shall be grease lubricated single row, deep grooved · ball type. Thrust (outboard) bearing shall 
be grease lubricated, angular contact, duplex mounted ball bearings. Bearings to be designed for a minimum B 10 life 
of __ hours in accordance with AFB MA. 

Size 18" Thru 54": Radial (inboard) bearing shall be grease lubricated spherical roller type, self-aligning. Thrust (outboard) bearing shall 
be grease lubricated, tapered roller. Bearings to be designed for a minimum B 10 life of __ hours in accordance 
with AFB MA. 

PUMP MATERIALS OF CONSTRUCTION 

Pump components shall be made from the materials as shown on the material specification page. 

REF. DESCRIPTION MATERIAL SPECIFICATION 
NO. 

219 CLIP, GLAND BRASS COMMERCIAL 

223 COVER, SUCTION HAND HOLE CAST IRON A48, CLASS 30 

272 KEY, COUPLING STEEL AISI 1018 

290 COVER.SUCTION HANDHOLE CAST IRON A48, CLASS 30 

291 GASKET,HANDHOLECOVER RUBBER -

311 GLAND RING BRONZE B145 (836) 

BOLT, VOLUTE STEEL SAE BOLT STEEL 

NUT, GLAND BRASS COMMERCIAL 

BOLT, GLAND BRASS COMMERCIAL 

OPTIONS 

1 IMPELLER BRONZE B145 (836) 

4 SHAFT MOLYBDENUM STEEL A332-C4140 

14 SLEEVE, SHAFT STAINLESS STEEL A296 GR CA-40 (4) 

16 WEAR RING, FRONTHEAD STAINLESS STEEL A296 GR CA-40 (5) 

17 WEAR RING, IMPELLER STAINLESS STEEL A296 GR CA15 (2) 

19 GLAND, HALF BRONZE B145 (836) 

NOTES: 1. ALL MATERIAL SPECIFICATIONS ARE ASTM UNLESS OTHERWISE NOTED, 

COURTESY OF 
FAIRBANKS MORSE PUMPS 

FIGURE 9-31. 

AND ARE FOR DESCRIPTION OF CHEMISTRY ONLY. 

2. 300 TO 350 BR I NELL HARDNESS 

3. 193 TO 223 BR I NELL HARDNESS 

4. 400 TO 450 BR I NELL HARDNESS 

5. 450 TO 484 BR I NELL HARDNESS 

VERTICAL ANGLEFLOW PUMPS 
TYPICAL SPECIFICATIONS 
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CHAPTER 10. ELECTRIC MOTORS FOR STORMWATER PUMPS 

1 OA. GENERAL 

The purpose of this Chapter is to familiarize the pump station 
designer with electric motors sufficiently to ensure that re­
quirements can be understood and properly specified. Three 
types of motor need to be considered. These are the vertical, 
horizontal and submersible types. 

It is not necessary to consider direct current (D.C.) motors 
because electricity supply in the United States is virtually all 
alternating current (A.C.). This is transmitted from generating 
stations at high voltages, stepped down by transformers to lower 
voltages suitable for power supply to large motors and to even 
lower voltages suitable for small motors and domestic appliances 
and lighting. The supply is 60 cycle frequency, or hertz. 

In order to increase efficiency, power is generated in separate 
circuits or phases. These are interconnected to produce a 
polyphase supply with desirable system characteristics. Inter­
connection into a three-phase system is used the most extensively 
and is the only system necessary of consideration here. Con­
ventional three-phase 480 v. A.C. supply may utilize three or 
four-wire service. The matter of supply voltage and three or 
four-wire service is dealt with in greater detail in Chapter 12 -
Electrical Systems and Controls. 

Domestic lighting and power in the United States is alternating 
current (A.C.) transformed for safety to only 110 to 120 volts, 
and only a single phase is used. Most appliances are manu­
factured for this voltage range. Some domestic appliances require 
from 208 to 240 volts, which can be delivered either single phase, 
or three-phase. However, because of limitations on the combina­
tion of voltage and current, only motors of very low horsepower 
can be operated at these low voltages. For the motor horsepower 
range required for stormwater pumps, three-phase alternating 
current at or about 480 volts is necessary. Sometimes where 
larger motors are used, the supply voltage may be higher. 

The speed at which a motor will run depends on the supply voltage 
and the style of the stator windings. The speed is determined 
by design and manufacture and is not usually variable. The 
power in watts needed to operate a motor is a combination of 
voltage (intensity or pressure) and amperes (flow or current). 
Larger motors need a combination of more voltage and amperes, but 
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there is a practical limit on the amperage or current due to the 
physical size of the copper conductors. Therefore, a higher voltage 
is necessary for larger motors. 

For motors below 5 horsepower, single-phase A.C. service at 120 
volts or three-phase service at 208 v. or 240 v. is approprate, but 
three-phase service at higher voltage is preferred, especially 
where there are larger motors at the same location. For motors 
between 5 and 400 horsepower, three-phase A.C. service at 
480 volts is appropriate. Few motors over 5 HP are manufactured 
for other than three-phase service at 480 v. and this may be 
regarded as standard for stormwater pump stations. For motor 
horsepowers in excess of 400 horsepower, three phase A.C. service 
at 2,300 v. or 4,160 v. is appropriate. Several pump stations 
illustrated in Chapter 2. - Review of Current Practice, have 
motors operating at 2,300 volts. 

Electric motor construction is frequently described by the type 
of winding employed to create the magnetic field and rotational 
effect. Types include synchronous, wound-rotor induction and 
squirrel-cage induction. The following text deals only with 
squirrel-cage induction motors, since this type of motor is the 
most suitable for stormwater pumping, and is invariably used. 
Squirrel-cage induction motor windings may be arranged in various 
different patterns so that different speeds result at the same 
input frequency. Dual-speed or variable-speed motors have little 
or no place in stormwater pumping; therefore, they are not dis­
cussed. Because of necessary details of construction, the 
vertical pump motor is far more expensive than a horizontal motor 
of the same horsepower. Usually, the cost of the vertical motor 
exceeds that of the pump. Similarly the submersible motor would 
be the most expensive part of the entire submersible pump. 

How motors are started is important. Depending on connected 
load, system capacity and other factoFs, the utility may permit 
motors to be started "across-the-line", that is, by being 
directly exposed to the line voltage when stationary. This is the 
most economical since it avoids the use of an expensive starter. 
The alternative to across-the-line starting is known as reduced 
inrush starting in which the starter acts to reduce the voltage 
at the time of starting and increases it over a short period of 
time to the actual line voltage. The serving utility has to 
approve across-the-line starting installations on an individual 
basis and, where not compatible with the system capabilities, the 
serving utility will not approve and reduced inrush starting must 
be used. 

Motors are manufactured in accordance with NEMA (National Electri­
cal Manufacturers Association} Standards. ANSI (American 
National Standards Institute} and IEEE (Institute of Electrical 
and Electronic Engineers} also have standards. Testing of motors 
is performed in accordance with standards developed by the IEEE. 
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With motors, as with pumps, the pump station designer must place 
reliance and responsibility on the manufactur~r. 

10-B. PERFORMANCE AND CHARACTERISTICS 

Motors are manufactured in standard horsepowers, stated in round 
numbers which increase by 5, 10, 15, 25 and 50 HP intervals as 
sizes increase. An exception is a certain make of submersible 
pump where an irregular progression of motor sizes prevails to 
over 100 HP, tailoriing the motor exactly to the maximum impeller 
input HP required. Only three-phase induction motors need be 
considered. They have good dependability, simplicity of design 
and are relatively low in cost. Induction motors have two 
mechanical members, one stationary and one rotating. The members 
are normally separated by a small air gap, but this is oil-filled 
in some submersible motors. On the stationary member or stator, 
a primary three-phase insulated winding connected to the main 
electric-power lines sets up a synchronously rotating magnetic 
field in the air gap. The rotating field induces currents in 
the rotor or secondary winding, provided the rotor runs slower 
than the synchronous speed. Thus, torque is developed to turn 
the rotor and drive its connected load. The amount by which 
the rotor runs slower than the synchronous speed is known as rotor 
slip, and is expessed as a percentage of synchronous speed. Slip 
is greater at full load than at no-load. 

The squirrel-cage induction motor gets its name from the rotor, 
built similar to a squirrel-cage running wheel. The secondary 
winding is embedded in slots near the periphery of the rotor. 
The winding consists of uninsulated slot-embedded copper, copper 
alloy, or other suitable bar or rod materials. The starting 
torque, current and full-load speed are fixed, depending on the 
manner in which the cage-type rotor is built. 

Motor performance data gives the properties associated with the 
motor design and load requirements. Motor performance must 
suit the requirements of the drive to assure economical and 
successful operation. 

Every motor carries a nameplate marked with the following minimum 
information: 

Manufacturer's name and motor serial number; 
Horsepower output, (H.P.); 
Supply voltage, (v); 
Cycle frequency or hertz (usually 60 hz.); 
Number of phases (usually 3 ¢); 
Current in amperes (amps) at rated load (horsepower output); 
RPM at rated load; 
Service Factor; 
Temperature rise; and 
Type of enclosure. 
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All performance data is based on supply voltage and frequency 
values stated on the motor nameplate, unless otherwise specified. 

The service factor is a multiplier which when applied to the 
nameplate horsepower rating indicates the maximum permissible 
loading on the motor without being harmful. A common service 
factor is 1.15, and this is recommended for pump It\Otors. 

The allowable temperature rise depends upon the class of insula­
tion. The nameplate shows the allowable temperature rise when 
measured by thermometer applied to the surface of the hottest 
accessible part. Temperature measurements made in this manner 
should not exceed the nameplate value, plus a standard ambient 
temperature of 4o0 c. The standard ambient temperature is warmer 
than usual room temperature, to provide for satisfactory opera­
tion under warmer than normal conditions. Overheating and 
damage to the insulation of the windings is the principal cause 
of motor failure. 

The efficiency or power factor of a motor is an important con­
sideration. When a motor is connected in a circuit and running, 
the voltage and current may be out of phase, so that the product 
of volts and amperes, called volt-amperes or apparent power 
will be greater than the watts consumed by the circuit. The 
ratio of actual watts consumed by a circuit to the volt amperes 
of apparent power of that circuit is called the power factor. 
Using the terms kilowatt (kw) for units of 1,000 watts input and 
kilovolt-ampere (kva) for output, the power factor of a motor is 
the ratio of the kilowatt (kw) input to the kilovolt-ampere (kva) 
output, expressed as a number usually between 0.8 and 1.0. Power 
factor for squirrel-cage motors usually is highest at rated load 
and drops off with decrease in load. As high a power factor as 
possible is desired because this is one of the items considered 
by the serving utility in determining its billing to the user. 
There is a cost penalty for low power factor. Capacitors are 
sometimes used in a circuit to improve power factor. 

Full-load torque is the torque necessary to produce rated 
horsepower at full load speed. The horsepower multiplied by 
5,252 and divided by the full-load rpm gives the full load torque 
in foot-pounds. Locked-rotor torque (static torque) is the 
minimum torque the motor will develop at rest for all angular 
positions of the motor with rated voltage and frequency applied. 
Pull-up torque is the minimum torque developed by a motor during 
the acceleration period from rest to the speed at which breakdown 
torque occurs. Breakdown torque is the maximum torque a motor 
will develop at rated voltage and frequency without an abrupt 
drop in speed. See torque curves for NEMA Design B in 
Figure 10-1. 
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DESIGN B,C, a D SQUIRREL-CAGE INDUCTION MOTORS 
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Locked rotor current is the steady-state motor current taken 
from the line with the rotor locked at rated voltage and 
frequency. Locked-rotor current at full rated voltage should be 
kept low, consistent with required locked-rotor torque and 
breakdown torque, to minimize supply-voltage dip and large KVA 
demand. Locked-rotor current may be specified in amperes, as 
percentage of full-load current or by means of a code letter. 

Motor application data for centrifugal pumps must be accurately 
defined because pump characteristics vary widely, but the 
responsibility of matching motor and pump is that of the pump 
manufacturer, not the pump station designer. 

The electrical design classification for a standard squirrel­
cage induction motor with normal starting torques and normal 
starting currents is generally identified as NEMA Design B. 
This design is ideal for typical pump loads. It has high full­
load speed, high efficiency, standard starting torques and 
relatively low starting current. 

Starting torque requirements of centrifugal pumps are quite 
moderate. 10 to 20 per cent of full-load torque will usually 
start these pumps from rest. Refer to Torque Curves, Figure 10-1. 
One exception is low-speed vertical pumps. They have high thrust 
loading and m~y require 40 per cent starting torque. 

Normal starting torques range from 60 to over 100 per cent of full­
load torque, depending on horsepower and speed. As horsepower 
rating increases for a given speed, the starting torque tends to 
decrease. Breakdown torque is between 175 and 200 per cent of 
full-load torque and occurs at approximately 92 per cent of full 
normal speed. Normal starting current is approximately 550 to 
700 per cent of full-load current. Motor slip is low in a NEMA 
Design B, approximately 0.1 to 2.5 per cent from no load to full 
load. Deficiencies in motor torque during starting must be con­
sidered when voltage or frequency deviations are anticipated. 
Torque varies as the square of the voltage and inversely as the 
square of the frequency. Thus, if voltage is raised 10 per cent, 
torque increases 21 per cent, or if frequency is lowered 5 per 
cent, torque is raised 11 per cent. 

Service conditions should be included in the motor specifications, 
especially those that may deviate from normal or standard, such 
as unusual voltage variations, ambient temperature above 40°c 
or below lo0 c, and operation above 3,300 ft. elevation. 
Increase in supply voltage will increase the synchronous speed 
of a motor. Squirrel-cage motors will withstand about 
20 per cent overspeed of their synchronous speed without 
mechanical damage. Thermally, the motor capacity is increased 
about one per cent for each degree the ambient is below 40°c 
and decreased for the same amount for each degree it is above 
this value. 
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10-C. INSULATION 

The electrical-insulation of an electric motor is one of its 
most important components. While the insulation is often con­
sidered a non-wearing part, thus non-aging, it is probably the 
part of a motor most easily damaged during handling or main­
tenance and the most susceptible to degradation from normal and 
abnormal operating conditions and from environmental conditions. 
Use of insulation with high dielectric-strength is the most 
important, especially in motors operating at 460 volts and above. 
Insulation in motors large enough to drive stormwater pumps is 
expected to be serviceable for upward of 20 years with minimal 
maintenance. To project long life is exceedingly difficult, 
primarily because of the inability to anticipate and control 
damage due to the corona activity and the effect of heat. 

NEMA design standards provide for a number of classes of insula­
tion, depending on size and service of motor. These classes 
specify the hot-spot temperature which the insulation can resist 
without damage as follows: 

Class A 
" B 
" 
II 

F 
H 

Hot-Spot Temperature 
n II n 

II II n 

II n II 

los0 c 
130°c 
1SS0 c 
180°c 

Usually, large motors are Class B insulated, with a trend to 
Class F. A motor may not require a high hot-spot rating. 
However, an insulating system that can operate at higher tem­
peratures will provide greater reliability for a longer time 
because it can more effectively withstand the damaging heat of 
short-time overloads. 

Since starting current is from five to seven times the full-load 
operating current, each start temporarily overheats the motor 
insulation, and the life of the motor is reduced by the number 
of starts. Normal motor overload protective relays will not 
protect a motor against damage from too frequent successive 
starts, so it is necessary to limit the number of starts over a 
given period of time. NEMA design standards state that large 
motors should be capable of withstanding two successive starts 
from ambient temperature and one start from rated operatifilg 
temperature during each hour, providing the design load condi­
tions are not exceeded. If the motor can come up to speed with 
little or no load, the heating effect is much less. 

In unattended pump stations, it would be possible to have a 
malfunction in the water level controls which would cause 
cycling of the motor on and off without tripping the motor 
overload relays, thus causing damage to the motor windings. To 
prevent the motor from exceeding the thermal limits, it is 
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advisable to provide a restart permissive timer in the automatic 
control circuit to ensure a sufficient cooling-off period 
between starts. The timer should be connected so that starts 
will not be prevented after a sufficient running period. Also, 
the timer should function to prevent re-starting while the pump 
is back-spinning from reverse flow. 

10-D. BEARINGS 

Motor bearings, plain or antifriction, support and control the 
motion of a rotating shaft while consuming a minimum of power. 
Plain bearings are either sleeve or thrust types that depend on 
a lubricating film to reduce friction between the shaft and the 
bearing. When properly designed and lubricated, plain bearings 
develop oil films which have tremendous load-carrying capabili­
ties. Antifriction bearings operate on the principal of rolling 
contact between elastic circular bodies. The resistance of 
this rolling action is quite low. At low speeds, ball and 
roller bearings develop so little resistance through rolling 
that they are superior to plain bearings. Individual anti­
friction bearings can support, at the same time, both radial and 
thrust loads in varying degrees -- a characteristic not typical 
of plain bearings. Antifriction bearings require only small 
amounts of lubrication and they are relatively insensitive to 
viscosity changes. When too much grease is used, the turning 
action of the rolling element produces excessive fluid friction, 
thus overheating. 

The life of ball or roller bearings depends on fatigue strength 
of the material and decreases as speed and load increases. 
Labyrinth and rotating seals and other mechanical and chemical 
devices help protect against unfavorable environmental condi­
tions, such as vibration, poor fits, corrosion or abrasive dirt. 
Normally standard horizontal motors up through 125 horsepower, 
1800 rpm, are furnished with radial deep-groove ball bearings 
which permit the motor to be mounted in any position, including 
vertical, providing the downward thrust on the shaft is less 
than the weight of the motor. Bearings in vertical motors 
require special considerations. Both ball and roller, as well 
as sliding element-type, are used to carry the weight of the 
motor rptating element and in some cases the weight of the pump 
shaft and impeller. Data on Page 9-29 explain bearing life 
criteria. 

10-E. ENCLOSURES 

Motor enclosures, or types of frame design, may be open, totally 
enclosed, or submersible. 
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Open-type motors have ventilating openings to permit the un­
restricted passage of air over the windings, and are of three 
types: protected motors which have each opening limited in size 
and shape, generally not to exceed one-half square inch; drip­
proof motors which are constructed so that drops of liquid or 
solid particles which 1 at an angle of 15 degrees from the 
vertical are prevented from entering; and splashproof motors 
which have openings so protected that drops of liquid impinging 
at an angle not greater than 100 degrees from vertical cannot 
enter the motor directly. 

Totally-enclosed motors prevent the exchange of air between the 
inside and outside of the motor, but are not completely r­
tight. These also are of three types: Nonventilated (TENV) 
motors which have no provisions for external cooling other than 
fins or radiating surfaces on the frame; fan-cooled (TEFC) motors 
which have integral fans for external cooling of enclosing parts; 
and explosion-proof (TEXP) motors which can withstand explosion 
of vapor within the motor and prevent the ignition of gas vapor 
outside the motor by this explosion. 

Submersible motors are designed in one of several special fashions 
for operation while totally submerged in water having a temper­
ature not exceeding 25°c. 

Most motors in pump stations are air cooled and of the open­
type, ther forced or self-ventilated. The manufacturer, in 
conforming to NEMA Standards, will make provision for passage 
of sufficient air to cool the motor. 

The motor stator frame should be of steel or normalized cast 
iron, accurately machined and drilled to receive the end 
brackets and bearing supports. The motor should be balanced 
after assembly to an overall vibration amplitude peak-to-peak 
of not more than .001 inches. 

All vertical motors of one hundred horsepower and over should 
have the thrust bearing and lower guide bearing oil lubricated, 
with visible means for checking oil level and quality. Motors 
below one hundred horsepower may be grease lubricated, but the 
system must provide for flushing out and replacing old grease. 

Enclosures for motors will be found to vary in physical shape 
and appearance. A comparison of Figures 10-3 through 10-5 will 
show the variation for horizontal motors of different manufac­
ture. As motors increase to the very large size, they will 
assume a more rectangular shape, due to ventilation requirements. 
Figures 10-2, 10-6 and 10-11 will make this clear. 

Operating conditions at many pump stations will subject electric 
motors to a prevailing dampness, and possibly extremely low 
ambient temperatures. If so, space heaters should be used in 
open-type motors to prevent condensation of moisture on cores, 
windings and wiring while the equipment is not in use. 
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Heater units of strip-type are located in the bottom of the motor 
enclosure so convention currents carry the heat upward. It is 
usually desirable to turn the heaters on with a normally closed 
contact on the motor starter. A pilot light should be used to 
indicate that the heater is energized. The heater elements 
should be located so that they can be replaced without dismantling 
the motor. 

Another precaution with open-type motors is the provision of 
rodent screens. Varnish on the winding insulation is attractive 
to rodents. 

The usual voltage of heaters is 240 v., and a separate junction 
box may be provided to allow for easy connection, as shown in 
Figure 10-2. The heater elements must always be insulated 
electrically from the motor frame. The power requirements can 
be estimated roughly as 0.5 to 1.0 kilowatts per 1,000 horsepower. 

Motor noise is more noticeable with open-type motors than totally­
enclosed. It is impossible to eliminate noise completely. 
Housing in a concrete or masonry structure is probably the most 
effective means of reducing it. Procedures for determining motor 
noise is described in IEEE Standard #85 Test Procedure. 

10-F. STARTING 

The starting of an electric motor from rest usually requires 
relatively expensive accessory equipment. It is rarely a simple 
matter of wiring through a three-pole switch to the motor, which 
is known as full-voltage or across-~he-line starting. Motor 
starting characteristics must be compatible with the electrical 
utility distribution system and with the requirements of the 
motor application. 100 h.p. is often the limit for across-the-line. 

The two methods of starting squirrel-cage induction motors are 
either full-voltage, across the line, which is the most 
economical and simplest method, or reduced inrush starting which 
can be effected in a number of ways with additional wiring and 
equipment. This extra gear may cost more than the motor itself. 

Using across-the-line starting the motor current will be many 
times the rated full-load current and the power factor will 
be low during starting. The approximate ratio of starting 
inrush current to full-load current is 6.25:1. This puts a 
high-current surge on the electrical distribution system until 
the motor has accelerated to rated speed. Most utility com­
panies have definite restrictions on permissible starting 
current (sometimes referred to as locked-rotor KVA) • This is 
because in some locations the resulting dip in line voltage due 
to starting inrush would produce objectionable light flicker 
or other disturbances. 
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10-11 

FIGURE 10-2 

Very large (700 HP) vertical 
motor mounted on above-floor 
discharge vertical pump, 
I-696 Station. 

Detroit, Michigan 

(See Figure 2-14) 

FIGURE 10-3 

Horizontal :r.Dtor 
(25 HP) driving non­
clog centrifugal 
pump in dry-pit 
station. 

IDs Angeles, CA 

(See Figure 2-1) 
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10-12 

FIGURE 10-4 

Typical Horizontal 
Motor (25 HP) for 
non-clog horizontal 
pump in dry-pit 
station. 

Los Angeles, CA 

(See Figures 3-1 
and 3-2) 

FIGURE 10-5 

View of same pump 
station equipped 
with two 25 HP and 
one 10 HP motors. 
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Reduced inrush starting is of various types and may be effected 
by step-switching the motor starter winding, such as with part­
winding and wye-delta starting, or by voltage reduction as in 
reactor, resistor and auto-transformer starting. The various 
types of starting are illustrated in Figure 10-7. 

Closed transition starting is now practically a standard require­
ment. This means a method of starting that will not open the 
circuit between the motor and line during starting. The starting 
methods in the tabulation below are all closed transition. A 
brief explanation of the types follows: 

Full Voltage 

Part-Winding 

Characteristics of Types of Starting 
In Per cent of Rated Starting Values 

Motor Motor Line 
Voltage Current Current 

100 100 100 

High Speed 
100 70 70* 

Low Speed 
100 55 55* 

*Figures above are for 2-step part-winding 

Torque 

100 

50* 

50* 

starting and are approximate. Actual values 
will vary with the motor design application. 

Reactor or Resistor 80 80 80 64 
65 65 65 42 
50 50 50 25 

Auto-Transformer 80 80 64 64 
65 65 42 42 
50 50 25 25 

Wye-Delta 100 33 33 33 

Torque 
Per KVA 

100 

72 

90 

80 
65 
50 

100 
100 
100 

100 

Full voltage starting gives the highest starting torque 
efficiency -- that is, the highest torque per starting KVA. Full 
voltage starting should always be used unless power system dis­
turbance makes reduced current inrush necessary, or torque in­
crements are required in starting. See Figure 13-1 also. 

Part-winding starting is effected by connecting the sectionalized, 
parallel stator windings to the line in two or r.'.lore steps. This 
type of starting requires no auxiliary current reducing device 
and uses simple switching. If the motor can be designed for 
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MOTOR PRIMARY CONNECTION 
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FIGURE 10 - 7. TYPES OF STARTING 
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part-winding starting, resultant starting torque and reduced in­
rush possibilities may meet the requirement of the load and system 
at least possible expense. 

Reactor or resistor starting requires inserting an impedance 
(reactor) or resistance (resistors) in the circuit during motor 
starting. Torque per KVA is lower than with auto-transformer 
starting. For increment starting, more than two resistance steps 
may be used. 

Auto-transformer starting requires the use of an auto-transformer 
to reduce voltage to the motor. Addition of switches in the auto­
transformer interconnection provides closed transition in transfer 
to full voltage. Ratio of starting torque to starting KVA is 
highest with this type of starting. 

Wye-delta starting results from switching the windings on a motor 
designed for wye-delta connection, and provides closed transition 
by use of a small resistor inserted during transfer. When wye 
connected, winding voltage is 58% rated value. 

Any reduction in starting KVA will be accompanied by at least an 
equal reduction in break-away torque and accelerating torque. 
Therefore, requirements of the driven equipment must be compatible 
with the starting method utilized. 

10-G. TESTING 

All motors are tested by their manufacturers. The designer may 
specify that test results be certified and furnished as part of 
the shop-drawing procedure, showing compliance with NEMA and other 
specifications. 

Test procedures should be made in accordance with IEEE Proce­
dure 112A, and motor tests may be routine or complete. 

The routine (or commercial) test consists of: 

a. Measurement of winding resistance; 
b. No-load readings of current and speed at normal 

voltage and frequency; and 
c. High-potential test for motor insulation. 

Each motor intended for use in a pump station should be required 
to be subjected to commercial test and be accompanied by a 
complete test report of a duplicate motor in accordance with 
NEMA test standards. The commercial test report should be sub­
mitted to and approved by the pump station designer before the 
motor is shipped to the pump company for laboratory testing of 
the pump. 

The complete test includes routine test as above: full-load 
temperature rise, speed, efficiency and power-factor, torque values 
for locked-rotor, pull-up, breakdown and full-load speed~ noise 
rating; and vibration at no load and full-load. 
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FIGURE 10- 8. 
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10-H. SUMMARY 

Vertical motors are electrically similar to horizontal motors 
and are primarily designed for driving vertical pumps. To 
provide greater torque capability at less weight, the hollow 
shaft has been adopted as standard. It also allows adjustment 
of the pump shafting at the top of the motor, where it is 
easily accessible instead of a hard-to-reach and expensive 
adjustable flanged coupling in the pump pedestal. 

Vertical motors are frequently mounted on the pump head. However, 
in stormwater pump stations with vertical pumps, the motor 
should be mounted on a pedestal above the pump baseplate. Refer 
to Figure 9-12 in Chapter 9. In addition to standard motor 
requirements, vertical motors are classified primarily by their 
capacity to carry external axial thrust. The vertical motor 
bearing system is usually designed to carry the weight of the 
motor rotor, the dead weight of the rotating pump parts and the 
hydraulic thrust produced by the pump. Pumps generally develop 
downthrust at their operating design point, but can and do at 
various points on their operating curve produce a momentary or 
continous upthrust condition. The possibility of exceeding 
this capability, however, makes it imperative that a complete 
description of all thrust conditions which might be encountered 
in the operation of the pump be considered to assure a bearing 
arrangement suitable for the application. 

Figure 10-8 is a cut-away section of a large vertical motor as 
manufactured by U.S. Motors. The heavy-duty thrust bearing 
near the top of the motor and the provision of cooling water 
to this vital motor element can be seen. This motor does not 
have a non-reverse ratchet. Figure 10-9 is a photograph of the 
identical make of motor mounted on top of a combination gear drive. 
Differences in configuration will be noted compared with the 
motors of another manufacturer shown in Figure 10-10. 

Horizontal motors are designed to operate with the shaft in a 
horizontal position. The best overall efficiency of a drive 
system is obtained when the motor is positioned as close to the 
pump as possible. Most horizontal motors are supplied with 
foot for mounting to a base. See Figure 9-24. If a motor designed 
for horizontal use were to be mounted vertically, special con­
sideration of the bearing arrangement and lubrication would be 
required. Typical horizontal motor applications are shown in 
Figures 10-3 through 10-5, and a very large motor is shown in 
Figure 10-6. Most submersible motors are filled with highly 
refined transformer oil which serves to lubricate the bearings, 
insulate electrical parts and dissipate heat. Spring-loaded 
rotary shaft seals are used. Submersible air-filled motors are 
also produced. Reference to Figures 9-19 and 9-22 will show 
details of construction. 

* * * * * * * * * * * 
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10-19 

FIGURE 10-9 

Large Vertical Pump 
(U.S. Motors, 200 HP) 
mounted on combination gear 
drive. 

U.S. 59, Tex as 

(See Figure 2-15) 

FIGURE 10-10 

Vertical Motors 
(General Electric, 
20 EP) mounted on 
above-floor discharge 
vertical pumps. 

Detroit, Michigan 

(See Figure 2-8) 
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FIGURE 10-11. VERY LARGE VERTICAL MOTOR 
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CHAPTER 11. ENGINES AND ACCESSORIES 

11-A. GENERAL 

Internal combustion engines are used extensively as drivers for 
vertical pumps. Occasionally they may be used to drive screw or 
angleflow pumps. The primary factor in selecting an engine for 
any pumping application is that it be suitably sized to avoid over­
loading when continuously producing sufficient brake-horsepower, 
which is the measurable horsepower of the engine at the output 
shaft available for driving the pump. Engines may also drive 
electric generators at pump stations, usually on a stand-by or 
emergency basis. See Chapter 13. - Emergency Generators. 

The engine fuel may be gasoline, natural gas, diesel, or liquefied 
petroleum gas (LPG). Most smaller engines are able to use gasoline, 
natural gas or LPG interchangeably. These engines run at speeds 
up to 2,400 revolutions per minute, and the largest models in this 
range are rated at a maximum of about 110 brake-horsepower. They 
are sometimes referred to as automotive type due to their oil pan 
being of the type used in automotive applications. 

Automotive type engines may have sufficient horsepower to drive 
smaller stormwater pumps, but a larger stationary type of engine 
is usually required. These have a base type oil pan giving better 
access to crankshaft and bearings. As the engine size increases, 
the revolutions per minute decrease, 1,200 rpm being the con­
ventional maximum speed of larger engines used for pumping 
applications. Natural gas and LPG are the predominating fuels 
for these larger engines. Four-cycle engines only are discussed. 

Diesel engines of four-cycle type are usually available in the 
same sizes or cylinder displacements as the gas engines. However, 
for pumping applications, natural gas engines are preferred over 
diesel engines for several reasons; mainly, they are more 
economical to operate, require less maintenance, and start more 
reliably when unattended. Therefore, the discussion which 
follows refers principally to engines fueled by natural gas, includ­
ing LPG as an alternate. 

Engines require a drive shaft and some form of gear drive to 
transmit power from the horizontal crankshaft to the vertical or 
inclined pump shaft. These items are described as accessories 
and discussed appropriately. 
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SMALL ENGINES 

PRINCIPAL 
ENGINE DATA 
Max HP•@ 
Indicated RPM 

Max Torque· <e­
tnd1ca1ed RPM 
Bore and S1roke 

Number of Cylinders 
Displacement 

Number of 
Main Bearings 
Lube Oil Svs1em, 
Capacity 

With Filter. 

Jacket Water System, 
Capacity 

Weight, Orv, 
Approx . 
w/o PTO 

MODEL 
VRG155U 

Gasoline Nat. Gas 
42@ 2200 32@ 2200 

11 801200 101 @ 1200 
3.625 x 3 75 

192 mm x 95 mm) 
4 

155 Cu In. 
(2 54 hrers) 

6 .0 Quarts 
(5.7 liters) 

20.0 Quarts 
(18.9 liters) 

720 lb. 
~327 kg) 

MODEL 
VRG232U 

Gasoline Nat. Gas 
60 @ 2200 51 @ 2200 

175@ 1200 142@ 1200 
3.625 x 3.75 

192 mm x 95 mm) 

6 
232 Cu. In . 
(3.8 hters) 

7.0 Ouarts 
(6.6 liters) 

23 .0 Ouans 
(2 1.7 lt1ersl 

1060 lb 
(48 2 kg) 

MODEL MODEL 
VRG265U VRG283U 

Gasoline Nat. Gas Gasoline Nat . Gas 
85@ 2200 67 @ 2200 108 @ 2400 84 @ 2400 

223@ 1200 179 @ 1200 253@ 1600 201 (jjl 1800 
3.75x40 3.875 )C 4.0 

(95 mm x 102 mml (98 mm x 102 mml 
6 6 

265 Cu. In. 283 Cu. In. 
(4 .3 titers) 14 .6 lnersl 

10.0 Quarts 10.00uans 
19.5 liiersl 19.5 liters) 

23.0 Quarts 24 .0 Quarts 
121 .7 liters) f22 .7 11tersl 

1130 lb. 1190 lb. 
(51 4 kg) (541 kg) 

VRG3 10U ln line 
6 Cylinder Gasoline 
Open Power Unit with 
Optional Accessories 

MODEL 
VRG310U 

Gasohne Nat . Gas 
112 @1 2400 88 ii 2400 

272. 1600 214 @1 1400 
3B75 x: 4 .375 

198mmx11lmm) 

6 
310 Cu. In 
(5. 1 hters) 

10.00uarts 
!9.5 liters) 

24 .0 Quarts 
(22.7 liters) 

12 10 lb. 
!550 kg) 

• Horsepowt>r and Torque ratings corrected 10 29 92 in. 1760 mm) Hg . and 60° F (16°C) 

Courtesy of Waukesha Engine Division 

FIGURE 11-1 
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, 
11-B. ENGINE TYPES AND SIZES 

There is a very small number of manufacturers of natural gas 
engines of the sizes usually required. As a result, manufacturers' 
illustrations in this Chapter are limited to two firms only. 
Drawings and photographs of actual installations supplement the 
manufacturers' data. 

A range of small engines of the so-called automotive type is the 
VR series manufactured by Waukesha Engine Division of Dresser 
Industries, Inc. These range from the smallest engine with a 
maximum rating of 32 bhp, to the largest engine of the series 
with a maximum rating of 88 bhp, using natural gas. The same 
engines running on gasoline will develop about one-third more 
power. Figure 11-1 is an illustration of the Waukesha VR series 
showing the principal engine data. Note that maximum horsepowers 
quoted are peak figures which must be reduced for either inter­
mittent or continuous service. Ratings are corrected to standard 
barometric and temperature conditions. Torque, another impor­
tant measure of output is also stated. Note that maximum torque 
is at much less rpm than maximum bhp. 

With Waukesha engines, the model number of the engine refers to 
its displacement in cubic inches. Thus, the smallest engines 
numbered by model from 155 to 310 have displacements ranging 
from 155 to 310 cubic inches. 

The next model illustrated and referenced is the Waukesha Fll97, 
with 6 cylinders and 1,197 cubic inch {19.61 liters) displacement. 
Figure 11-2 shows performance for this engine with various fuels 
and compression ratios. Note maximum, intermittent and continuous 
bhp ratings, and corresponding torque values. 

A further step larger is the Waukesha Fl905 series engine, another 
6-cylinder model made by this manufacturer. Catalog information 
included is Specifications and Optional Accessories, Figure 11-3 
and Dimensions for Model Fl905GU with Power Ratings, Figure 11-4. 
Some of optional accessories, such as the radiator fan, slightly 
reduce the power available from the engine. A selection of 
accessories is essential to the proper functioning of the engine, 
however. Figures 11-5 and 11-6 show two Fl905 engines being 
installed. 

Other models increasing in size are 6-cylinder in-line or V-8 con­
figurations, but the V-12 arrangement is used for Waukesha 
Model L3711 and larger engines. The L3711 is rated at a maximum 
brake-horsepower of 648 at 1,200 rpm. With accessories and at 
continuous rating the output is approximately 454 brake-horsepower. 
This could be considered to be largest engine likely to be used 
for pump station applications. 
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PERFORMANCE CURVES FOR WAUKESHA MODEL F1197GU 

Curve A: 
Curve B: 
Curve C: 

Maximum Rating of Engine with Accessories 

Intermittent Rating of Engine with Accessories 
Continuous Rating of Engine with Accessories 

Model F1197GU Power Unit 
Naturally Aspirated 

All ratings corrected to 29.92 in. (760 mm) Hg. 
and 60° F ( 16° Cl. 

9:1 Compression Ratio - 1000 BTU Dry Natural Gas 

Model F1197GU Power Unit 
Naturally Aspirated 

7:1 Compression Ratio -1000 BTU Natural Gas 

~ 200 
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7000 
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1~ 1~ 
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Courtesy of Waukesha Engine Division 

FIGURE 11- 2 
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SPECIFICATIONS FOR WAUKESHA MODEL F1905GU 

Engine - lnline 6, overhead valve, 4-cycle gas engine. 

Air Cleaner - One dry type. 

Cooling System - Gear driven water circulating pump. 
170° F (77° C) thermostats, bypass type. 

Connecting Rod - Steel forging, angle split for easy re­
moval through cylinder liner. Rifle drilled for full piston 
pin lubrication and piston crown cooling. 

Crankcase - Rigid one piece ferrous alloy casting with 
integral cylinder frame. Deep section main bearing caps. 

Crankshaft - A multi-plane forging of high alloy steel, with 
precision ground and hardened main bearing and crankpin 
journals. Dynamically balanced. Generous overlap of main 
bearing and crankpin journals for increased crankshaft stiff­
ness. Seven (7) large diameter main bearings. 

Cylinder Head - High strength deep section casting. Alloy 
steel intake valves and valve seat inserts. Stellite faced ex­
haust valves and solid stellite valve seat inserts. Valve guides 
of alloy iron. Forged steel rocker arms. 

Cylinder Liner - Removable precision honed wet cylinder 

liners. 

Engine Rotation - Counterclockwise when facing flywheel. 

Exhaust System - Water cooled exhaust manifold. 

Flywheel and Ring Gear - Flywheel machined for TD 2 
plate 18" (457 mm) clutch, adapter ring included. 

Flywheel Housing - SAE No. 00. 

Fuel System - Carburetor, natural gas, 2.5" (63.5 mm) 
downdraft, gas pressure test gauge. 

Governor - Built-in centrifugal type. 

Ignition - Low tension fixed spark magneto and cables. 
One coil and one spark plug per cylinder. 

Instrument Panel - Engine mounted including ignition 
switch, water temperature, oil pressure, and vacuum gauges. 

Lubrication - Full pressure system with high capacity gear 
type pump. Externally adjustable relief valve for accurate 
pressure control. Full flow oil filters. 

Oil Cooler - High capacity shell and tube type. 

Oil Pan - Base type with access openings to permit inspec­
tion, maintenance and removal of connecting rod bearings 

and main bearings. 

Pistons - Heavy section contour ground aluminum alloy 

pistons. Floating piston pins. 

Safety Controls - Low oil pressure, high water tempera­
ture. Manual reset type. 

OPTIONAL ACCESSORIES 

(Available as original equipment when specified) 

Controls - Woodward Hydraulic Governors. Solenoid fuel 
shut-off. Waukesha Engomatic® Control System. Tacho­
meter drive overspeed shut-down. 

Cooling - Radiator, heat exchanger, ebullient cooling. 

Electrical - 24 volt 40 or 45 amp., 32 volt 45 amp. alter­

nator. 

Elements - Lubricating oil, for high sulphur fuel appli­
cations. 

Filter- Sweet or sour natural gas, sewage gas, not mounted. 

Flywheel and Ring Gear - Available for other applications. 

Ignition - Low tension radio shielded and/or low fire 

hazard magneto, coils and cables, low tension solid state, 

and C.S.A. approved system. 

Instruments - Ammeter, tachometer, hourmeter. 

Pistons - Natural gas, high ratio. 

Power Take-Off - Heavy duty. Stub shaft for direct drive. 
Flexible coupling. 

Starting - Air, 24 or 32 volt electric, hydraulic, line volt­
age. 

Courtesy of Waukesha Engine Division 

FIGURE 11-3 
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DIMENSIONS FOR WAUKESHA MODEL F1905GU 

M =MAXIMUM I= INTERMITTENT C =CONTINUOUS 

I 
MAX. I 

MODEL TORQUE I 400 I 500 

(~B~;~,) I M I c I M I 

BRAKE HORSEPOWER AT SPEEDS INDICATED 

600 I 100 

c I M 

I soo 
c IM I 

900 I 1000 

c IM 
NATURAL GAS WITHOUT ACCESSORIES 

1100 I 
c IM 

1200 

I 
I CURVE 

c I NO. 

F1905Gt I 1576400 1120 108 901149 134 1121177 159 1331203 182 152]229 206 1721253 228 1901277 249 2081299 269 2241318 286 2391 C222 

F1905G 11536-400 1117 105 881146 131 1091174 157 1301199 179 1491224 202 1681248 223 1861270 243 2031291 262 2181310 279 2331 C220 

NATURAL GAS WITH ACCESSORIES 

F1905GUtl 1523-400 1116 104 871145 134 1091172 155 1291198 178 148J223 201 1671246 221 184j269 242 2021288 259 2161302 272 2261 C223 

F1905GU 11492-500 1113 102 851142 128 1061169 152 1271194 175 1451218 196 1631241 217 1811262 236 1961280 252 2101292 265 2201 C221 

HD-5 PROPANE WITHOUT ACCESSORIES 

F1905G j 1576400 1120 108 901149 134 1121177 159 1331203 183 1521229 206 1721255 230 1911279 251 2091300 270 2251320 288 2401 C224 

HD-5 PROPANE WITH ACCESSORIES 

F1905GU I 1523400 1116 104 871145 1311091172155 1291198 178 1481223 201 1671248 223 1861271 244 2031289 260 2171304 274 2281 C225 

Ratings are corrected to sea level barometric pressure of 29.92" (760 mm) Hg. and standard temperature of 60°F (16°C). 

tH1gh Ratio Pistons for Best Fuel Economy. 10:1 Compressio Ratio. Use Dry Gas having a High Methane Content. 
Performance Curve Supplied on Request. 

Ratings are based on availabil1ty of 1000 BTU LHV 9as. For natural gas having less than 1000 BTU LHV, see chart S3955 for percenta9e loss of horsepower. 
For sewage gas ratings consult Waukesha Engine D1v1s1on. 
Ratings available for HD-5 propane depend on operating conditions and approval by Waukesha Engine Division. 

RATING STANDARDS 
MAXIMUM RATING 

DEDUCTIONS FOR ALTITUDE AND TEMPERATURE* 

• The maximum power capability of a naturally aspirated engine, 
which is inherently limited in power output by design, tempera­
ture, and barometric pressure. 

• The maximum power rating of a turbocharged engine. 
• This rating can be demonstrated within 5% at the factory under 

standard conditions of atmospheric pres~ure and temperature. 
Engine should not be applied at this rating. 

INTERMITTENT RATING 

Type of 
Engine 

Naturally 
Aspirated 

Maximum 

3% for each 
1000' above 

sea level 

1% for each 
10°F over 60° F 

RATING 

Intermittent Continuous 

3% for each 3% for each 
1000' above 1000' above 

1000' altitude 2000' altitude 

1% for each 1% for each 
10° F over 80° F 10°F over 100°F 

• The highest load and speed which can be applied under specific "'No greater correction factor than 1.000 can be used in determining 
conditions of varying load and/or speed. the specific rating. 

CONTINUOUS RATING 

• The load and speed which can be applied without interruption 
except for normal maintenance. 

SPECIAL RATINGS: All published ratings of the Waukesha Engine 
Division are a general guide for a broad range of applications. Other 
ratings based on specific load applications and economic require­
ments are available upon receipt at the factory of detailed infor­
mation. 

The manufacturer reserves the right to change or modify without notice, 
the design, equipment specifications or ratings as herein set forth with­
out incurring any obligation either with respect to engines previously 
sold or in the process of construction except where otherwise speci­
fically guaranteed by the manufacturer. 

44-3/4" 
(1137 mml 

DIMENSIONS FOR MODEL F1905GU 

,-------"-!'---~ ---
1 ~ '\ -,I 

I \ \ 

' ' \\ \ 

~
31-5/16" 
(795 mm) 

~·~-'~Ir 

25-3/8" 
(645 mml. 

17" I -~ 
(432 mm) I ", 

UJ 
z 
CJ 
z 
UJ ' i CJ '~'!''~~; if 

+ :1~~~~--~·,~: 
_L lr--- ---:: ',,, 

~J LJ --<.r--L~~~~~~-J.-~~~~~~---'l 

2311/16" ~ 27
-
718

" 1--(602 mm) 1708 mm) 36-5/8" 
47-3/8" (930 mm) 

(1203 mm) 

Solid line designates engine. Dashed outline indicates radiator, clutch, and Power Take Off. 

33-7/8" p (860 mm) 55_112" 
(1410 mm) 

~ 
77" 

1(1956 mm) 

COmponents and accessory locations and dimensions may vary with service and installation requirements. Dimensions not 
guaranteed. Detailed print available for layout.work; C-7116 or C-7123. 

Courtesy of Waukesha Engine Division 

FIGURE 11- 4 
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FIGURE 11-5 
Installation of Fl905 GU engine at Westside 

Pump Station, Long Beach, CA. 

FIGURE 11-6 
Opposite side of engine showing provis ion 
for dual fuel supply, natural gas or LPG. 
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G379 NATURAL GAS ENGINE 

NA VERSION SHOWN 

NA 
Version 
Shown 

i----- L ----i -- w 

L H W 
in mm in mm in mm 

G379 TA 83.5 (2120) 75.4 (1915) 63.5 (1612) 
G379 NA 74.1 (1881) 75.1 (1909) 60.1 (1527) 

VB 
4-STROKE CYCLE 

TURBOCHARGED·AFTERCOOLED 
& NATURALLY ASPIRATED 

BORE - in (mm) .. .. ......... . . . ..... . 
STROKE - in (mm) . .. . . . .. .... . . . .. .. . 
DISPLACEMENT - cu in (llter) .. .... .. . . 
ROTATION (from flywheel end) .. ... . ... . 
COMPRESSION RATIOS .. . . .......... . . 
WEIGHT, Net Dry (approximate) - lb (kg) 

Turbocharged-Aftercooled . .. .. . ..... . 
Naturally Aspirated . . . . . .... . . . .. .. . . 

6.25 (159) 
8.00 (203) 

1,964 (32.2) 
Counterclockwise 

10:1 or 7:1 

8,950 (4059) 
8,350 (3787) 

COURTESY OF CATERPILLAR TRACTOR CO. 
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CD 

Gl379 NATURAL GAS ENGINE 

TURBOCHARGED·AFTERCOOLED TURBOCHARGED·AFTERCOOLED 
Fuel Consumption Fuel Consumption 

High 100 75 50 25 low 100 75 50 
Compression percent percent percent percent Compreaslon percent percent percent 

Ratio load load load load Ratio load load load 
···- -··· 

Continuous Continuous 
Rated bhp lt'lh ft'lh fl'lh lt'lh Rated bhp ft'lh fl'lh . 11'/h 
rpm w/o Fan kW (m'lhl (m'lhl (m'/h) (m'lhl rpm w/o Fan kW (m'lhl {m'lh) (m'lhl 

1200 465 345 
3880 3030 2250 1630 
(110) (85) (65) (45) 1200 415 310 

3650 2920 2080 
(105) (85) (60) 

1000 400 300 
3200 2570 1900 1170 
(90) (75) (55) (35) 

-
3190 2510 1870 

1000 365 270 
(90) (70) (55) 

900 360 270 
2870 2250 1670 950 
(60) (65) (45) (25) 900 325 240 

2840 2210 1620 
(80) (60) (45) 

NATURALLY ASPIRATED NATURALLY ASPIRATED 
-· ~·· 

Fuel Consumption Fuel Consumption 
... _,.,_. 

High 100 75 so 25 low 100 75 50 
Compression percent percent percent percent Compression percent percent percent 

Ratio load load load load Ratio load load load 
~·---· ·--· ·-~·· 

Continuous Continuous 
Rated bhp lt'lh fl'lh lt'/h 113/h Rated bhp lt'lh 11'/h 11'/h 
rpm w/o Fan kW (m'lhl (m'lh) (m'/h) (m'lh) rpm w/o Fan kW (m'lh) (m'lh) (m'/h) 

1200 330 245 
2810 2230 1700 1140 
(80) (65) (50) (30) 1200 300 225 

2850 2260 1920 
(80) (65) (55) 

1000 275 205 
2310 1800 1350 920 
(65) (50) (40) (25) 1000 245 185 

2300 1800 1320 
(65) (50) (35) 

900 245 185 
1980 1540 1150 780 
(55) (45) (35) (20) 900 215 160 

1950 1530 1130 
(55) (45) (30) 

····- ····- --··-....__· 
--··-~··· 

The International System of Units (SI) is used in this publication. 

25 
percent 

load 

fl'lh 
(m'/h) 

1410 
(40) 

1180 
(35) 

1040 
(30) 

25 
percent 

load 

fl'/h 
(m'/h) 

1160 
(35) 

810 
(25) 

690 
(20) 

RATING DEFINITIONS 
Continuous is the horsepower and speed 
capability of the engine which can be used 
without interruption or load cycling. 

RATING CONDITIONS 
High compression ratio turbocharged-after­
cooled engines require 90°F (32°C) or lower 
water temperature to the aftercoolers. 
Low compression ratio turbocharged-after­
cooled engines require 130°F (S4°C) or 
lower water temperature to the aftercoolers. 
Fuel consumption is based on gas having 
an LHV of 90S Btu/cu ft (33.74 kJ/ liter). 
Performance and ratings are based on SAE 
J816 standard conditions of 29.38 in Hg 
(99.2 kPa) and as• F (30°C). Ratings also ap· 
ply at DIN 6270 standard conditions of 97.8 
kPa (28.97 in Hg) and 2o•c (68°F) and API 
7B-11C standard conditions of 60°F (16°C) 
at 29.92 in Hg (101.3 kPa). 
Turbocharged-aftercooled engine ratings 
are applicable to at least 2,SOO feet (760 m) 
elevation and as• F (30°C) temperature with· 
out derating. 
A naturally aspirated engine will derate ap­
proximately 3% per 1,000 ft (30S m) in alti­
tudes over 500 ft (152 m). 
Deration is recommended for compressors, 
pumps, and similar applications for variations 
in altitude, temperature, and gas composition. 

COURTESY OF CATERPILLAR TRACTOR CO. 
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FIGURE 11-9 . TYPICAL ENGINE INSTALLATION 
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11-11 

FIGURE 11-10 

Engine 
installation 
with Combination 
Gear Drive. 

Houston, TX 

FIGURE 11-11 

Combination Gear 
Drive with accessories 
at above pump station. 
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ELECTRIC MOTOR 
POWER SOURCE---

CLUTCH ASSEMBLY---

RIGHT ANGLE 
GEAR DRIVE ----

I 
I 

I I 
I I 
I 1 1 
I I 

I 
I 
I 

I I I 
I 

.._PUMP DRIVE 

FOR GREATER VERSATILITY 
A COMBINATION DRIVE MAY 
BE INSTALLED. A TOP-MOUNTED 
ELECTRIC MOTOR NORMALLY 
SUPPLIES POWER BUT IF 
NECESSARY ENGINE POWER 
CAN BE SUBSTITUTED THE 
CHANGE TO ENGINE POWER 
rs EFFECTED BY MANUALL y 
LOWERING THE INTEGRAL 
SLIDING CLUTCH INTO 
DRIVE POSITION. ALTERNATELY, 
A MAGNETIC CLUTCH CAN 
BE USED. 

FIGURE 11-12. COMBINATION DRIVE 
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An extensive 
Tractor Co. 
G379 natural 
placement. 

range of engines is also made by Caterpillar 
Figures 11-7 and 11-8 are data sheets showing the 
gas engine which is a V-8 with 1964 cubic inch dis-

11-C. COOLING SYSTEMS 

Every engine needs a cooling system, and the radiator and fan as 
normally used for automobiles is generally used for stationa.ry 
installations. The coolant is water unless weather conditions 
would require anti-freeze. There is sometimes some objection to 
fan noise, especially in residential areas. In such a case, it 
is usual to employ a heat exchanger, whereby the hot jacket water 
enters one side of the exchanger and the cold stormwater the 
other. The jacket water heat is transferred to the stormwater 
and wasted. Sometimes a circulating pump is required with the heat 
exchanger, but Figure 2-20 shows how the pumped stormwater discharge 
is utilized, draining back into the pump pit. A piped water 
supply can also be used. Fans or pumps are accessories which rob 
the engine of a small amount of its power. In stormwater pump 
station design, there is rarely and economic opportunity to use 
the waste heat from an engine. 

11-D. ACCESSORIES. 

The whole array of engine and accessories, drive shaft and 
right-angle gear drive for the pump is illustrated in Figure 11-9. 
The engine assembly with combination gear drive is illustrated 
in Figure 11-10, while the combination gear drive is shown in 
Figure 11-11. The latter figure can be compared with Figure 10-9 
which shows the electric motor surmounting the identical combina­
tion gear drive. 

11-E. PERFORMANCE CRITERIA AND SPECIFICATIONS 

Note that manufacturers may state maximum, intermittent and 
continuous brake-horsepower ratings for their engines. For 
verification, the brake-horsepower of each engine is customarily 
determined by a dynamometer test at the factory and is shown on 
test curves submitted for approval to the customer or in this case 
to the pump station designer. Gas engines driving stormwater 
pumps will have a very long life if their continuous load is 
held at or below the manufacturer's continuous rating. The 
actual brake-horsepower required for the pumping installation 
must be computed as the summation of the maximum horsepower input 
required by the pump, plus 5 per cent for right angle gear losses. 
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The continuous rating of the engine selected must be equal to or 
greater than the summation described above for a conservative 
selection. 

Remember that the horsepower required by a pump at its design 
point is usually less than the maximum horsepower required when 
water is at low level, with the latter usually being an intermittent 
rather than a continuous condition. Considering the short duration 
of most pumping cycles, a satisfactory rule is that an engine 
should not be loaded at any point in its operation above 80 per 
cent of the maximum rated brake-horsepower of the engine with fan 
and radiator. Some agencies are more conservative and consider 
70 per cent of the maximum rating as the permissible loading, due 
to their interpretations of the effects of service requirements 
which include a possible increase in the specific gravity of the 
water due to sand or debris in suspension, and a reduction in the 
efficiency of the driven pump due to impeller wear, improper 
shaft alignment, bearing wear, or the like. Wear and tear and 
reduction of power output of engines over the years will depend 
on the quality of maintenance service. Sometimes vibration 
peculiarities may develop requiring a speed reduction or other 
remedial action, but this is not usual. 

In addition to limitations on the percentage of maximum rated bhp 
for continuous operation, it is possible to specify minimum 
displacement and torque, maximum rpm, BMEP and piston speed, 
materials of construction, but care must be taken or over-restrictive 
specifications will result. Various terms commonly used in the 
internal combustion engine industry are now explained to clarify 
the foregoing. 

Displacement, the total number of cubic inches in all the cylinders 
of an engine, is one of the best descriptions of size of an engine 
because it refers to physical dimensions which are not subject 
to the many varied horsepower interpretations and speed con­
siderations. 

The torque is the "twisting effort" of the engine output shaft, 
expressed in pounds-feet. The final torque to the driven pump is 
increased or decreased by the right angle reduction gears of speed 
increasers, but the horsepower remains the same. Torque becomes 
important in engine installations when evaluating the integrity 
of transmission equipment such as shafts and flexible couplings. 
Torque in pounds-feet is given by multiplying the factor 5252 by 
the bhp and dividing by the rpm. In pumping applications, torque 
is not usually a controlling factor. 

For larger engines, the manufacturers' standards limit maximum 
speed to 1,200 rpm since speeds in excess of this might be 
harmful, because in general, at higher rpm the rotating parts of 
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the engine would be critical with respect to balance, vibrational 
analysis, alignment, and general maintenance. 

The measure of loading of an engine is described as brake mean 
effective pressure, (BMEP) expressed in pounds per square inch, (psi). 
BMEP for an engine operating at given rpm is the product of an 
equation including the bhp developed, the displacement and a 
numerical factor. BMEP, although meaning average cylinder pressure 
to give resultant torque at flywheel, is a purely artificial 
figure and merely a means of comparison. 

The equation for calculation of BMEP for a four-cycle engine is: 

BMEP 
792,000 x bhp 

= rpm x displacement 

Applying this formula to the Model Fl905GU, fueled by natural gas 
and with accessories, operating at 1,200 rpm (Figure 11-4) we find: 

792,000 x 220 
1, 200 x 1 , 905 = 76.2 BMEP at continuous rating 

At intermittent rating of 265 bhp, the BMEP is 91.8 and at maximum 
rating of 292 bhp, the BMEP is 101.2. 

Continuous bhp 
Maximum bhp = 220 = 

292 
75.3 per cent 

78 psi maximum BMEP is a very conservative rating which usually 
results in a continuous loading about 75 per cent of the 
maximum bhp available. Some agencies have adopted this very 
conservative criterion, but manufacturers usually recommend higher 
loadings. 

If the Caterpillar G379 is considered (See Figures 11-7 and 11-8) 
when naturally aspirated with low compression ratio, the BMEP 
at 1,200 rpm is 100.8. When turbo-charged and after-cooled with 
high compression ratio the BMEP is 156.2. Continuous bhp ratings 
are 300 and 465 respectively. 

Piston speed (in feet per minute) is the average velocity of a 
piston for a given engine at a given engine speed. It can be 
used to compare implied wearing tendencies of unlike engines on 
the basis that higher piston speed leads to higher piston and 
liner wear and resulting higher maintenance. 
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Unless the smaller automotive type suffices for the application, 
engines should be specified as heavy duty, industrial type with 
overhead valves. Other features, such as exhaust valve inserts, 
stellite-faced valves, renewable wet-sleeve cylinder liners, 
crankshaft vibration damper, full pressure lubrication and other 
features common to heavy-duty engine design can be specified if 
not exclusive to one manufacturer. 

Vibration caused by unbalanced vertical forces in engines can be 
troublesome. It is important that the magnitude and frequency 
of any such forces be ascertained and accounted for in the 
design of the necessary support structure for engines. 

11-F. ENGINE STARTING AND CONTROL SYSTEMS 

Most stations are unattended and engines must start automatically 
in response to sensing of water level, starting at a predetermined 
low rpm or load. After a suitable time delay the throttle is 
opened to its operating speed. The control panel should have a 
selector switch with Manual, Off, Automatic and Test positions. 
Operation of the .entire system is described in Section 18 of 
Appendix D. - Specifications. Unlike most specifications, these 
engine specifications are quite explicit as to the reason for the 
requirements. 

11-G. ENGINE EQUIPMENT AND AUXILIARIES 

When radiator and fan are used for cooling the engine equipment 
usually includes thermostatically-controlled automatic louvers on 
the radiator. There will also be a jacket water preheater and 
jacket water filter-conditioner, an exhaust system and muffler, 
and a 24 volt starting system and control panel. Refer to 
Specifications for a comprehensive listing and definition of 
equipment and accessories. The engine itself is equipped with an 
instrument panel at the front of the engine, close to the fan and 
radiator. (See Figure 11-6.) 

Adjacent to the engine but separate from it is the wall-mounted 
control panel with functions described in the Specifications. 
The control panel water level lights may also be displayed below 
a recording tachometer for each engine, located as convenient 
in the pump station. This item is specified in Section 23 of 
Appendix D - Specifications. 

The provisions necessary for telemetering the operational status 
of the station to a control center are given in Section 24 of 
Appendix D - Specifications. 
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The clutch mechanism is integral with the engine and is visible 
in Figures 11-5 and 11-6, at the rear of the engine. A cut-away 
detail is shown in Figure 11-13. As in an automobile, the clutch 
separates the rotating engine from the driven components when 
the driven components are required to be at rest. 

The clutch mechanism is manually engaged or disengaged. Where 
automatic cranking cycles are required the clutch mechanism 
will be set in the engaged position. After starting automati­
cally, the engine will idle before corning up to speed to provide 
the necessary power for pump operation. The engine is usually 
selected for storrnwater pumping only and is not intended to pro~ 
vide for any auxiliary loads. Therefore no take-offs should be 
permitted from the output shaft unless this has been specially 
provided for. 

11-H. DRIVE SHAFTS 

The clutch output shaft of the natural gas engine must be connected 
to the right angle gear input shaft with a connecting drive shaft. 
(See Figure 11-14.) The connecting drive shaft consists of two 
flexible joints and a center section which includes a shaft length 
adjustment feature. There are two special flanges, one for the 
clutch power take-off shaft at the engine, and one for the right 
angle gear drive input shaft. 

Drive shafts for pump station service are required to have maximum 
reliability at all times, thus the selection standards are necess­
arily conservative. The major consideration in selecting a drive 
shaft is the transmitted torque. The manufacturer's published 
rating for continous duty at the maximum engine speed should be 
at least one and one-half times the maximum torque of the driven 
pump under field conditions. Transient conditions, such as the 
development of shutoff head at the pump must be considered in de­
termining the maximum torque. The required bearing life is nor­
mally a minimum B-10 life of 16,000 hours. The torque ratings, 
joint angles, bearing life and selection data are clearly set 
forth in the manufacturers' catalogs. 

Overall flange-to-flange length of drive shafts is not readily 
determined by application of simple rules related to engine speed, 
torque or horsepower. However, a thirty-six inch rninirnun length 
is desirable to allow for accidental or intentional misalign­
ments and still stay within acceptable angular limits. A moderate 
length of shaft is recommended because a long shaft is subject 
to whirling and vibration. A vertical difference of about one­
and-a-half inches between the centerline of the engine output 
shaft and the centerline of the gear input shaft would be usual 
for a thirty-six inch drive shaft. A necessity for the universal 
joints to be continuously exercised when the drive is in motion 
is preferred. 
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A suitable drive shaft guard must be provided, anchored to the 
floor. The upper portion of the guard should be hinged on one 
side and provided on the other side with a padlock hasp. The 
grease fittings should be accessible for lubrication service 
through the hinged guard. Guards must, of course, comply with 
OSHA (Occupational Safety and Health Act) standards. 

The actual shaft selection is very simply made by consulting manu­
facturer's graphs and charts, a simplified reproduction of one 
of those of the H.S. Watson Co. is shown in Figure 11-15. 

11-I. RIGHT ANGLE GEAR DRIVES 

The basic requirements for a right-angled gear drive are set forth 
in Appendix D - Specifications, Section 17. The main features of 
a gear drive are shown in Figure 11-16. 

A typical speed reduction would be for the engine to run at 
1,200 rpm and the pump at 580 rpm. This approximates a 1:2 ratio 
which is the nearest available selection. Exact conformity to 
nominal or specified speeds of pumps and engines is seldom capable 
of being achieved. 

The transmission of power through the gear produces a significant 
heating effect of the lubricating oil, and this heat is often dis­
sipated by circulating water through cooling coils, Domestic pota­
ble water is preferred for this service, the supply being control­
led by a solenoid-operated valve. See Chapter 12 - Electrical 
Systems and Controls. Another electro-mechanical accessory is a 
tachometer driven by the gear drive which enables the actual en­
gine or pump speed to be indicated and recorded. 

11-J. COMBINATION GEAR DRIVES 

Sometimes it may be necessary to provide the ability to drive a 
vertical pump by either an engine or by an electric motor. Combin­
ation gear drives are available for this purpose, the motor being 
mounted axially above the pump, with the gearhead in between. 
The engine is mounted horizontally alongside the pump and drives 
the vertical pump shaft through bevel gears. A manually-control­
led dog-clutch can be set to couple either the motor or the engine 
to the pump shaft and only the engine or the motor is operable 
at any time, according to the setting of the clutch. The general 
arrangement of a combination gear drive is shown in Figure 11-12. 
Also see Figures 11-11 and 10-9. It should be emphasized that the 
change of mode from motor to engine drive is usually effected man­
ually. Therefore, there is no increase in dependability unless an 
operator is in attendance at all times while the station is opera­
ting, not usually the case with highway pump stations. 
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Assuming that the equipment is set for electric motor drive, this 
will function normally, responding to water-level, unless there 
is a power outage which could cause local flooding. If the 
station siting is above a depressed area there would be no station 
damage. During a prolonged outage, if personnel c.ould reach the 
station the engine or engines could be started, the clutch or 
clutches could be re-set and flood water could be pumped out, 
re-opening the highway. 

If the equipment is normally set for engine drive the electric 
motor is redundant, except that the motor is available for use if 
the engine is under repair. This probably is the chief justifica­
tion for the use of the combination drive. Another justification 
is the avoidance of stand-by charges if the engine is consistently 
used and no power demand is imposed by running the motor. This 
may be valid in existing stations where past capital costs may be 
ignored and only current operating costs are a consideration. 
However, in new stations the combination drive is difficult to 
justify on an economic basis. 

11-K. TORSIONAL ANALYSIS 

To avoid critical torsional vibrations at engine operating speed 
range, complete torsional analysis calculations should be per­
formed by the engine manufacturer on each engine-driven pumping 
unit, before the equipment is approved for installation at the 
pump station. Each unit includes engine, right angle gear drive, 
connecting drive shaft and pump. 

All components must be evaluated as a complete unit, and for this 
purpose the necessary mass elastic data such as moments of inertia 
and stiffness factors on all rotative parts of the gears and 
pumps must be furnished to the engine manufacturer. 

11-L. RELIABILITY AND ECONOMICS 

The natural gas engine is regarded as the most reliable means of 
driving stormwater pumps. It is not affected by electrical storms 
and with normal maintenance will always start automatically by 
sensing of water level. Dual fuel supply can be provided in the 
form of both piped-in natural gas and on-site storage of LPG. 
However, on-site storage alone is very stisfactory. 

With on-site storage and battery starting, the natural gas engine 
assumes the reliability of the automobile or truck, in starting 
immediately as needed and performing with complete satfisfaction. 
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Some agencies have found that elaborate facilities ;for maintenance 
are not cost effective, and they avoid disassembly of engines at 
the stations. They rely on local dealers or service representa­
tives to remove or replace an engine in the unlikely event that 
this becomes necessary. 

The principal drawback to the use of engines is the high initial 
cost compared to electric-motor drives. Versatility of the engine 
to be run at different speeds, and to consequently pump greater 
or less quantities of water, can offset this, however. This is 
done at the expense of operating engines less conservatively, but 
perfectly safely, in the intermittent duty range for limited 
periods of time. Appendix E. - Energy Economics gives examples 
of the relative costs. 

Automatic speed controls which increase engine speed as the water 
level rises are available. They are more suitable to smaller 
engines because these have a wider range of speeds. 

An example using the Waukesha 1197 engine shows the various values 
of Q, TDH, HP, and BMEP when operating the engine at 1,000, 1,200 
or 1,400 rpm. These are compared with continuous (C) and inter­
mittent (I) ratings. 

EPM .Q 'TDH BMEP HP c I 

1,000 24.0 18.2 52 80 133 -

1,200 50.0 14.0 6'6 118 157 -

1,400 62.7 16.0 81 188 178 196 

The example is taken from an actual station design. The varia­
tions in the total dynamic head are in part due to the water level 
in the sump, but mainly due to friction in the discharge line as 
quantities and velocities become higher. System-head curves are 
needed to illustr~te the matter fully. As an exercise, the reader 
may select hypothetical conditions and work out for himself examples 
of varying discharges due to change in engine speeds. 

Many cost-effective pumping stations have been built utilizing 
the flexibility of speed modulation of gas engines. With the 
reliable control systems which are available and by reasonably 
minimizing maintenance expenses, the gas engine has an important 
place in stormwater pumping. 

* * * * * * * * * * * 
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CHAPTER 12. ELECTRICAL SYSTEMS AND CONTROLS 

12-A. GENERAL 

This chapter provides basic information for electrical power and 
lighting systems for pump stations, including essential features 
for pump controls and engine starting. Because electrical 
terminology, symbols and drawings may not be readily understood, 
some specialized assistance may be needed. Numerous illustrations 
are included which the designer and the electrical specialist can 
adapt to their circumstances. Refer also to Appendix D -
Specifications. 

12-B. UTILITY SERVICE 

Most pump stations will receive electrical service from a public 
utility company. The quality of service depends on how well the 
utility system holds a constant predetermined voltage and how 
free it is from interruptions. It is not reasonable to assume 
that perfect service can be provided by a utility company from 
one source. Therefore an alternate source of power is desirable. 
Figure 12-1 shows ways to provide pump stations with two separate 
services. 

The serving utility company must always be contacted when a new 
service is required or a change in existing loads is contemplated. 
The utility company will specify their space and equipment require­
ments, motor starting limitations, voltage regulation, short­
circuit current available, and their installation and service 
charges. Load data for initial and future requirements should be 
estimated as accurately as possible, considering demand and 
connected load, average usage and seasonal variation. 

Utility companies have different rate schedules for different 
conditions. To arrive at the most economical condition, a 
comparison of these rates should be made. Among the factors 
used to establish rates are load demand, energy consumption, 
power factor, voltages available, primary service cost, trans­
former or substation ownership, fuel cost, demand interval, 
special demand provisions, fluctuating loads, minimum-bill 
stipulations, unbalanced phase charge, multiple-metering provi­
sions and stand-by service charge. See Appendix E - Energy 
Economics. 

Demand charges cover all generally predictable costs such as 
depreciation, interest and insurance. They reflect the invest­
ment required by the utility company to serve the customer's 
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maximum power usage. The demand is usually determined by an 
integrating demand meter set for either 15 or 30 minute demand 
intervals. Energy charges include such items as cost of fuel, 
operating labor, and maintenance. Fuel cost affects rates more 
than anything else. 

12-C. SUPPLY VOLTAGES AND TRANSFORMERS 

The utility company will normally provide service from its 
nearest or most conveniently located overhead power line. Possibly 
some additional poles leading to the pump station will be needed, 
in which case the utility company will install them, at the 
user's expense. For a small pump station, the last pole will 
usually carry the transformers necessary to reduce the voltage 
from the level of the power line to the maximum voltage to be 
provided for the pump station. See Figure 12-3. The voltage 
of the transmission or power line may be 4,160 volts, 13,800 volts 
or even 15,000 volts or more (high voltage). The transformers 
will usually reduce these line voltages to 480 v., three phase, 
which is the low voltage service appropriate for the usual size 
of pump motors. Where larger motors of 500 hp or more are needed, 
the supply voltage may be higher. Refer to Chapter 10 - Electric 
Motors for Stormwater Pumps. 

Nominal system voltages for the low voltage class are 208Y/120, 
240, 480 and 480Y/277. The first and last mentioned systems 
are wye-connected with a fourth or neutral wire. The second 
and third are delta connected with three wires. See Figure 12-2 
for illustration and an explanation of the advantage of the 
4-wire system. From an economic standpoint there is seldom 
sufficient reason for selecting 208Y/120 or 240 volts instead of 
480 volts. Usually the lower voltage systems would cost more 
because there would be more current per kilovoltampere to be 
carried, thus the circuit breakers, motor starters and conductor 
sizes would have to be increased. For the usual conditions 
480Y/277, three phase, 4-wire, service is preferred. 480 v., 
three phase, 3-wire, is often provided. In addition to the 
480Y/277 v. (or 480 v.) three-phase service for the pumps, 
120-volt single-phase power will also be required for lighting 
and may possibly be used for very small motors where these are 
required to drive accessory equipment. This lower voltage is 
usually obtained by installing a smaller transformer in the pump 
station switchgear. This will step down from the 277 v. between 
phases of 480Y/277 three-phase, four-wire, service or from the 
480 v. between phases of three-wire service. Most pumping 
stations will have 480 volt three-phase service only, but some­
times there is justification for providing 120 volt single-phase 
service also. 
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Instead of the transformers being pole-mounted overhead as in 
Figure 12-3, it may be necessary that they be pad-mounted at grade. 
This applies to large transformers for large loads and motors of 
higher (medium) voltage. Service should go underground from the 
pad to the station. Dual overhead service with pad-mounted 
transformers is illustrated in Figure 12-4. 

From the transformer pole the service may go overhead directly 
to the pump station, but underground service is preferred both 
for safety and aesthetics. Underground service to a caisson-type 
wet-pit station is shown in Figure 12-5. The utility will 
generally have rules applicable to provision of conduit and cable 
underground from the service pole. 

There may be cases, especially in urban areas, where the utility 
company will be providing service from high-voltage underground 
cables. In such cases, the transformers would probably be 
underground also, in a vault ventilated so as to dissipate heat. 
Transformers are almost always owned and maintained by the 
utility company, this cost being included in their rates. Trans­
former ownership by the customer would qualify for a discount when 
power is purchased at the line voltage available, such as 
4,160 or 13,800 volts, but this is not usually a practical con­
sideration. 

12-D. STAND-BY POWER 

Stand-by power should be provided for stormwater pumping stations. 
If the utility cannot provide two separate sources, the choice is 
to use engine-driven pumps or a stand-by generator. See 
Figure 12-1. Two utility services, when available, generally 
cost less than an engine-driven generator of equivalent capacity. 

Sensing an outage and transferring the load from one utility 
source to another can be accomplished automatically in less 
than a second. Transferring to an engine-driven generator takes 
longer, because of the time to start and bring the engine up to 
operating speed. If a portable engine-driven generator is used, 
then considerable time may be required to transport or haul the 
generator to the pump station and manually transfer the incoming 
power switching to the generator supply. A male receptacle is 
generally used to make connection to the generator portable cable 
and female connector. A receptacle and manual transfer switch 
is shown in Figure 12-6. 

The use of two utility services is only feasible when the local 
utility company can provide separate service connections over 
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Single overhead service 
with po le-mounted 
transformers providing 
480 v. three-phase four­
wire supply 

FIGURE 12-3 

Dual overhead service 
with pad- mounted trans formers 

FIGURE 12-4 
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Ranel board with gutter, 
circuit breakers and motor 
starters, and with receptacle 
and manual transfer switch 
for stand-by generator 

FIGURE 12-6 
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separate lines and from separate supply points that are not apt 
to have joint outages from system disturbances, storms or other 
hazards. Additional reliability may be obtained where the in­
coming services are available from different utility companies. 
When two sources are connected, an automatic transfer switch is 
usually located in the main distribution equipment. Special 
consideration should be given to the ability of the switch to 
close against high inrush currents, carry full rated current 
continuously from normal and secondary source, withstand fault 
currents without contact separation and have adequate inter­
rupting capacity. 

To avoid transferring large motors during the energized condition, 
the transfer switch should be provided with an accessory control 
that disconnects motors prior to transfer and reconnects them 
after transfer when the residual voltage has been substantially 
reduced. A time delay of 2 to 10 minutes should be provided 
to prevent transfer back to normal source when normal service 
is recovered after an outage. 

12-E. SYSTEM PROTECTION 

Electrical energy will normally be delivered to the station equip­
ment safely and reliably by the utility company, but protection 
of the station system must provide for service irregularities or 
failures. This protection will minimize damage and limit the ex­
tent and duration of interruptions. The protection must isolate 
any affected portion of station system while maintaining normal 
service for the rest of the system. It must minimize the danger 
of short-circuit currents and may provide alternate circuits 
to minimize the duration and extent of outages. 

System protection is the most important feature of the electrical 
distribution system. It must be kept simple and compatible 
with safety, reliability and economic considerations. Protection 
for the electrical system must prevent injury to personnel, 
prevent or minimize damage to equipment, and minimize interruption 
of power and the effect of the disturbance on the uninterrupted 
portion of the system, both in extent and duration. Important 
elements of system protection requiring consideration are the type 
of system grounding, short-circuit fault capacity, and exposure 
to lightning and switching surges. 

The isolation of short circuits requires the application of 
protective equipment which will sense an abnormal current flow 
and remove the affected portion from the system. 
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The fuse is the simplest of all protective devices, performing 
both sensing and interrupting functions. Fuses are installed 
in series with the circuit and operate by the melting of a 
fusible link in response to the current flow through them on an 
inverse time-current basis. Each fuse can perform once only, 
since its fusible elements are destroyed in the process of 
interrupting the current flow. Fuses may have only the ability 
to interrupt short-circuit current up to their maximum rating or 
may also have the ability to limit the magnitude of short-circuit 
current by interrupting the current flow before it reaches its 
maximum value. 

Circuit breakers are interrupting devices and must be used in 
conjunction with sensing devices to fulfill the detection func­
tion. Most low-voltage applications use either molded-case 
circuit breakers or other low-voltage circuit breakers having 
series sensing devices built into the equipment. After trip­
ing, circuit breakers can be re-set. 

The term "air circuit breaker" is often used in speaking of 
low-voltage power circuit breakers. Since the arc interruption 
takes place in air in both molded-case circuit breakers and 
low-voltage power circuit breakers, this term really applies 
to both types. 

The ratings which apply to circuit breakers and the actual 
assigned numerical values reflect the mechanical, electrical, 
and thermal capabilities of their major components. Basic 
ratings are voltage, frequency, continuous current, interrupting 
current and short-time current (low-voltage power circuit 
breakers only) . 

When protection is being considered, the performance of a 
circuit breaker with respect to the connected conductors and 
load is of primary concern. The objective in coordinating 
protective devices is to make them selective in their operating 
with respect to each other. Normally coordination is demon­
strated by plotting the time-current curves of the protective 
devices and making sure that no overlapping occurs between the 
curves of adjacent circuit breakers. 

Motor protection involves consideration of motor characteristics, 
starting conditions, ambient conditions ai:d driven equipment. 
Protection should be chosen to meet the requirements of each 
specific motor and its use. The following items should be 
considered: 

(a) Motor Characteristics. These include type, speed, 
voltage, horsepower rating, service factor, power 
factor rating, type of motor enclosure, lubrication 
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(b) 

arrangement, arrangement of windings and their tem­
perature limits, thermal capabilities of rotor and 
stator during starting, running and locked rotor 
conditions. 

Motor Starting Conditions. 
or reduced voltage, voltage 
during starting, repetitive 
total number of starts. 

Included are full voltage 
drop and degree of inrush 
starts, frequency and 

(c) Ambient conditions. Temperature maximums and mini­
mums, elevation above sea level, adjacent heat sources, 
ventilation arrangement, exposure to water and chem­
icals, exposure to rodent and various weather and flood 
conditions. 

(d) Driven Equipment. Characteristics will influence 
chances of locked rotor, failure to reach normal speed, 
excessive heating during acceleration, overloading and 
stalling. 

Motors must be protected against undervoltage, phase unbalance 
and overcurrent and automatic switch reclosing. Requirements 
include: 

(e) Undervoltage. The usual reason for using undervoltage 
protection is to avoid excessive inrush to the total 
motor load on the power system following a voltage dip 
or when voltage returns after an interruption. Under­
voltage protection will be either instantaneous or time 
delay type. Time delay undervoltage protection should 
be provided where continuity of service is important 
and to avoid unnecessary tripping on voltage dips. One 
problem with time delay undervoltage protection when 
used with magnetic held motor starters is that on 
fault currents of low magnitude, the starter contacts 
will open on the voltage dip and reclose into the fault 
current. To resolve this problem, it is best to 
have undervoltage protection.that reinitiates the start 
circuit after a voltage dip condition. Another solu­
tion is to use capacitor-held main contractos to pre­
vent instantaneous dropout. 

(f) Phase Unbalance. The purpose is to prevent motor 
overheating damage. Motor overheating occurs when 
the phase voltages are unbalanced. To prevent single 
phasing, overcurrent protection should be provided 
in all three· phase conductors to the motor. Phase 
unbalance protection should be provided in all applica­
tions where single phasing is a strong possibility 
due to the presence of fuses and overhead distribution 
lines subject to conductor breakage. 
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! 

(g) Instantaneous Phase Overcurrent. The purpose is to 
detect phase-short circuit conditions with no inten­
tional delay. Fast clearing of these faults limits 
damage at the fault, the duration of the voltage 
dip accompanying the fault, and the possibility of 
the fault spreading to fire or explosion damage. 

For small squirrel cage induction motors, it is common 
to set the instantaneous pickup at 10 to 11 times the 
full load current. For large squirrel cage motors 
above 200 horsepower, it is recommended that the 
maximum symmetrical starting inrush be determined by 
the motor manufacturer .. arid the · instana.neous pickup 
be set at 75 percent above this value. 

(h) Time-Delay Phase Overcurrent. The purpose is to 
detect failure to accelerate to rated speed in normal 
starting interval, motor stalled condition, or low­
magnitude phase fault condition. 

For small motors, this overload protection scheme is 
relied upon to provide protection for all three of 
the above conditions. 

(i) Automatic Reclosing or Automatic Transfer. When the 
supply voltage is switched off, motors initially con­
tinue to rotate and retain an internal voltage. This 
voltage decays with motor speed and internal flux. 
If system voltage is restored out of phase with a sig­
nificant motor internal voltage, high inrush current 
can occur and damage the motor winding or produce 
torques damaging to the shaft, or drive coupling. 

Protection is also required for conductors and switchboards and 
against voltage surges due to lightning. 

( j) Conductor Protection. Conductor protection is based 
on cable ratings matched to the environment and opera­
ting condi t,ions. Cable manufacturers specify the normal 
loading temperature for their products which results 
in 20 to 30 years normal life. High temperature is 
probably the most frequent cause of decreased cable 
life and failure, due to insulation breakdown. Pro­
tection is also required against unexpected overload 
and short-circuit current to safeguard personnel and 
equipment and to insure continuous service. Protec­
tion against overcurrent is generally achieved by 
means of a device sensitive to current and the length 
of time during which it flows. Short-circuit protec­
tive devices are sensitive to much greater currents 
and shorter times. 
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(k) Switchboard Protection. Switchboards vary in 
configuration from a simple gutter arrangement with 
circuit breakers and motor starters attached, to a 
more complex modular arrangement. See Figures 12-6, 
12-8 and 12-22, and 12-25 to 12-27. Switchboard 
protection isolates faults in the power circuits. 
Circuit breakers and fuses are employed to disconnect 
the affected parts of the power system. The intro­
duction of solid-state circuitry to perform the sen­
sing and timing functions has provided significant 
improvements in the quality for low-voltage circuits 
and apparatus. 

Overcurrent relays and trip devices must have time­
delay and high-current settings to prevent opening 
the source circuit breakers upon the occurrence of a 
feeder fault. · 

(1) Voltage Surge Protection. A circuit or system is con­
sidered exposed to voltage surges due to lightning, 
if it is connected to any kind of open-line or over­
head lines. Voltage surge protection is then required 
to protect the main switchboard and motors. 

The protection is provided by lightning arresters 
connected, without fuses or disconnecting devices, at 
the incoming terminals. · 

As an external safety feature a shunt trip on the main 
circuit breaker will permit tripping the breaker from 
an emergency pushbutton outside the pump station in 
case of a fire in the station or other conditions when 
it is unsafe to enter. A vandal-proof lock box for the 
trip button is desirable. See Figure 12-5. 

12-F • METERING 

Metering primarily provides readouts to determine power usages. 
Meters are also used for testing and to indicate conditions which 
have occurred at the station. · 

(m) Kilowatt-hour meters are furnished by the utility 
company and their location should be exterior, accessi­
ble to the utility personnel. See Figure 12-5. Some­
times KWH meters are installed in the switchboard as 
shown in Figure 12-22. Demand meters are usually in­
stalled on systems. 
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(n) Anuneters with maximum demand needle located on the main 
switchboard will give a quick indication of any pro­
longed overload condition. The thermal type with 
slow response on the maximum needle will not be 
affected by the high in-rush motor starting currents. 
Individual ammeters for large motors are useful in 
monitoring overload conditions due to mechanical 
problems or phase unbalance due to motor insulation 
or motor branch circuit problems. See Figure 12-23. 

(o) Voltmeters with minimum and maximum needle indication 
located on the main switchboard will give a quick 
indication of any voltage fluctuations since the last 
time the meters were rese.t. The low needle indicator 
should be the type that holds at the last voltage value 
before a power outage. 

(p) Elapsed time meters applied to motors that are auto­
matically controlled will totalize the total running 
time for that motor to permit proper division of wear 
where motors operate in a lead-lag sequence and the 
sequence is manually selected. 

(q) Printers that monitor the alarm conditions and print 
out the time of day, sequence of alarm and nature of 
the alarm are valuable at remote unattended facilities. 

12-G. AREA CLASSIFICATION 

It is not possible to determine all flammable liquids that may 
enter a highway stormwater pumping facility, but a hazardous 
area subject to explosion may easily be created. 

All unventilated sumps are classified as Class 1, Division 1. 
This would apply to all wet-well areas. Adjacent dry areas 
within 20 feet of any door or hatch to a Division 1 area would 
be considered a Division 2 area. All electrical equipment must 
be compatible with the classification of the area in which it is 
to be installed. 

Positive ventilation is required in all areas which personnel 
must enter and such ventilation equipment must meet the area 
classification. 

Gas detection equipment is recommended to detect explosive limits 
of gas vapors in the area where general purpose electrical equip­
ment is installed. 
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NO. I 
PUMP 
MOTOR 

N0.2 
PUMP 

MOTOR 

CD UTILITY COMPANY SERVICE, USUALLY 480V 3G 3W 

LIGHTING 
PANEL 

@ METERING IN ACCORDANCE WITH UTILITY CO. REQUIREMENTS 

@ MAIN CIRCUIT BREAKER 

@) TRANSFER SWITCH 

@ MALE RECEPTACLE FOR STAND-BY POWER 

@ MOTOR STARTER WITH 120V CONTROL TRANSFORMER 
AND THREE OVERLOAD RELAYS 

(j) MOTOR CIRCUIT BREAKER 

@ PILOT LIGHT AND H-0-A (HAND -OFF-AUTOMATIC) SELECTOR 

@ RUNNING TIME METER 

@ MOTOR {SHOWING H.P.) 

@ TRANSFORMER 120/240V 30 3W 

@ PANEL FOR LIGHTING, RECEPTACLES, 
CONTROL PANEL AND FAN MOTORS 

@ CABLE BUS IN GUTTER 

HIGH-LEVEL 

WET-WELL 

LOW-LEVEL 

DUAL SET POINT 
PRESSURE SWITCHES 

PRESSURE GAUGE 

VENT FOR 
CALIBRATION 

i:.~:r.: ::: LIQUID FILLED 

DRY WELL 

LEVEL SWITCHES 

SYSTEM 

DRAIN/SHUT-OFF 
VALVES 

SINGLE- LINE DIAGRAM - DRY-PIT STATION 
FIGURE 12-7 
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12-H. MATERIALS AND CODES 

All electrical installations are governed by and must be in 
accordance with the National Electrical Code, and other local 
codes which may be more stringent. 

The codes cover permissible materials and combinations of 
same, such as how many wires of what size are required for given 
currents, and in what size of conduit they shall be placed for 
protection. The standard of workmanship required for installa­
tion is also governed by Code. 

For representative descriptions of requirements, refer to 
Appendix D - Specifications. 

12-J. SYSTEM DESIGN 

Following consideration and understanding of the preceding basic 
principles, the actual design of the electrical system for a 
pumping station begins with the single-line diagram. This 
diagram shows the source of power on one side and proceeds 
across a bus or bus-bar showing all the various motors, lighting 
panels and accessories which are attached to the bus and make 
up the connected load. Meters, circuit breakers, motor starters 
and all other devices are shown by appropriate symbols which 
can be identified by reference to notes, legends or schedules. 

The single-line is a simplified diagram which does not show many 
details of the complex circuitry required to start and stop 
pump motors or other equipment automatically according to water­
level, time, or other conditions. 

The pump motors generally represent the largest and most sig­
nificant components of the connected load. Lighting or other 
functions are only a small percentage. Where engines are 
utilized for the main pumps, the connected load will be far 
less than if motors were utilized for the whole pumping opera­
tion. 

Because the requirements for a small system are less than those 
for a large one, the dry-pit station will be studied first. 
Figure 12-7 shows the single-line diagram for a typical dry-pit 
station. The components are set out in logical fashion and can 
be easily identified by reference to the legend. The bubbler 
control will be referred to later. 

Figure 12-8 is a photograph of a dry-pit switchgear installation. 
It is an assembly of components on a. plywood backboard, not a 
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factory-assembled switchgear panel. In this respect, it differs 
slightly from Figure 12-10. The gutter containing the bus carries 
the numbers "480" denoting the voltage, to caution 9perators. Also, 
the generator transfer switch is stencilled "Erner. Power". A rub­
ber floor covering is provided as insulation against dangerous 
electric shock. Figure 12-6 shows a sirniliar installation. 

Figure 12-9 shows the sump pump motor starter and the disconnect 
switches for the main pump motors. Electrical codes require 
that a local disconnect be provided adjacent to the motor when the 
motor is not in direct view from the starter, so that there is no 
accident hazard during maintenance. 

Schematics showing the components and functions are developed from 
the single-line diagram. Panel and equipment schedules follow, 
and layouts should then be prepared showing conduit runs and wire 
sizes. Detailed wiring diagrams are required for installation of 
the work. Written specifications are also needed to set forth the 
quality of materials and the standard of workmanship required. 
Sometimes conduit and wire sizing and the preparations of detailed 
wiring diagrams is delegated to the electrical contractor, to be 
subject to the approval of the design engineer. 

Figure 12-11 shows the electrical schematics diagram for a dry­
pit station. Note that no conduit or wire sizes are shown in this 
figure, nor in Figure 12-10. Unless this information were con­
veyed in other contract drawings, it could be made a contractor 
requirement to comply with applicable codes, to ensure that proper 
conduit and wire sizes were provided and installed. 

Figures 12-12 and 12-13 are single-line diagrams covering various 
conditions of voltage, motors and engines for wet-pit stations. 
The single-line often indicates circuit breaker amperage related 
to motor horsepower. There is no single-line in Figure 12-12 or 
12-13 to relate exactly to Figures 12-14 and 12-15 but, but both 
power plan and lighting plan are quite specific in requirements for 
conduit and wire sizes. However, the conduit routing is schematic, 
as is usual with electical drawings. 

Actual construction requires some further layout and consideration 
of the location of stub-ups so that these occur where they do not 
create personnel tripping hazards and will be acceptable to OSHA. 
Where conduit is intended to be embedded in concrete, it is shown 
differently from where it is to be surface mounted. Proper co­
ordination of electrical work with the structure is always dif­
ficult and seldom achieved perfectly in accord with the intent 
of the pump station designer. 

Figure 12-16 is supplemental to preceding Figures 12-14 and 12-
15, but is typical of the way in which electrical details are 
conveyed. The symbol list is self-explanatory, but could be ex­
panded to cover many other items if desired. 
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Circuit breakers, motor starters and 9utter 
on p~nel board for Dry- Pit Station 

FIGURE 12-8 

Sump pump with starter and 
disconnect switches for mai n pumps 

FIGURE 12-9 
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FIGURE 12-10 DRY- PIT STATION - ELECTRICAL DETAILS 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



N 
t 

ij) 

SPR 

ITEM DESCRIPTION 
ALS AREA LIGHT SWITCH 

i~TMI 
}·fl MDI 
111 

Tl T2 T3 

~ 
25 HP MOTOR 

LEGEND 
lilM_ DESCRIPTION 
PD POWER DISCONNECT 

ALT ALTERNATOR PL INDICATING LIGHT 
CD CONTROL DISCONNECT PS POWER SWITCH 

CI CONTROL TRANSFORMER PSW PRESSURE SWITCH 

CTO CONTROL TRANSFORMER OVERLOAD PIS POWER TRANSFER SWITCH 

DP DUPLEX PLUG OUTLET PTSW POWER TEST SWITCH 
JB JUNCTION BOX R RELAY 
L LIGHTS RI RUNNING INDICATING RELAY 
LD LIGHTS DISCONNECT RL INDICATING LIGHT 
LL LIQUID LEVEL RELAY RTSWRUN TEST SWITCH 
LP LIGHTS PANEL S STARTER 
LS LIGHTS a FAN SWITCH SPD SUMP PUMP DISCONNECT 

RTSW 

DESCRIPTION 

"'--n-----,,,.., 
N1----,0f'l,;:::-OP!::'.:2 
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:!: ~ :~3~~ :~~.;: 3~1 ~=-_,;;J 

'Ht 53 CONTACTOR, ~~~1 

AIR CIRCUIT BREAKER 
--11-- CONTACT, NORMALLY OPEN 
---;f--- CONTACT, NORMALLY CLOSED 

~ CURRENT RESPONSE ELEMENT 
.,,),,. ENCLOSURE BONO 

FUSE 

·--t-- OPERATING COIL 

--;.- PRESSURE SWITCH, NORM. OPEN 

PUSHBUTTON SWITCH, NORM. OPEN 

PUSHBUTTON SWITCH,NORM.CLOSED 
SINGLE POLE SWITCH 

DOUBLE POLE SWITCH 

T7T8 T9 

~ 
SUMP PUMP MOTOR 

TRANSFORMER 

--@- INDICATING LIGHT, RED 

LT LIGHTS TRANSFORMER 
-@- INDICATING LIGHT, GREEN 

---@- INDICATING LIGHT,AMBER SPR STANDBY POWER RECEPTACLE ----,.:. 
LTO 

MD 
Pl 

LIGHTS TRANSFORMER OVERLOAD 

MOTOR DISCONNECT SWITCH 
POWER INDICATING RELAY 

SS SELECTOR SWITCH 
IM TEST SWITCH 

TSW TEST SWITCH 

' 0 

~· 
DOUBLE POLE, 3 POSITION SWITCH 

0--

------ 3 POLE 
2 POSITION SWITCH 

FIGURE 12-11 DRY-PIT STATION - SCHEMATIC DIAGRAM 
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[ 

PANEL A 

SYMBOL LIST 
Q INCANDESCENT FIXTURE- CEILING MOUNTED 
~ INCANDESCENT FIXTURE- WALL MOUNTED 
[>o FLDODLIGHT 

c:::::::J FLUORESCENT FIXTURE 
S SINGLE POLE SWITCH 
S3 THREE WAY SWITCH 

@::: DUPLEX RECEPTACLE 
[> TELEPHONE OUTLET 
Q) JUNCTION BOX 

= STRIP HEATER 
A-8 PANEL A CIRCUIT 

CONDUIT RUN ABOVE FLOOR 
- - - -- CONDUIT RUN BELOW FLOOR 
---H-- 31411 -2*12 
--iii/II- 314"-3•12 

IN! 3/4 11-4 il-12 
I/ill 314"-5*12 

TIME CLOCK TC 
LTF 

~ 
LIQUID TIGHT FLEXIBLE CONDUIT 
120 V THERMOSTAT 
EXHAUST FAN 

VOLTS 120/240 PHASE I WIRES _3_ BUS IOOA 

MOUNTING SWITCHBOARD MAIN BREAKER JQQ_ AMPS FEEDER2'·4*1 

LOAD PHASE A 6200 PHASE B 6750 PHASE C - TOTAL 12950 AMPS54 --

CIRC. 
BREAKER NO.OUTLETS LOAD WATTS 

I a --1--.: C'C REMARKS -·- - -- LTG. REC. MISC. A B c 
I 20 I 4 1800 ENGINE ROOM, FLUORESCENT 
2 20 I 3 900 EXTERIOR FLDODLIGHTS TC 
3 20 I 4 ENGINE ROOM, FLUORESCENT 
4 20 I 3 EXTERIOR FLOODLIGHTS TC 
5 20 I 3 2 600 OFFICE a TOILET 
6 20 I 7 1400 ENGINE ROOM, OFFICE a TOILET 
7 20 I 9 1350 PUMP PIT 
8 20 I 6 1200 ENGINE ROOM 
9 20 2 1500 ROLL-UP DOOR 

10 20 2 SPARE 
II 20 - 1500 ROLL-UP DOOR 

12 20 - SPARE 
13 20 I SPARE 
14 20 I SPARE 
15 20 I SPARE 
16 20 I SPARE 

PANEL SCHEDULE 

FIGURE 12·16 LEGEND EXAMPLES 
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WATER LEVEL LIGHTS (RED, GREEN) 

YELLOW LIGHT- ENGINE Oil 
WHITE LIGHT - HIGH ENGINE TEMPERATURE 
RED LIGHT - ENGINE OVERSPEED 

ON-OFF SWITCH 

CONTROL PANEL SELECTOR SWITCH 

RIGHT ANGLE GEAR 
DRIVE FOR PUMP 

112"-2.*'12 POWER (120Vl~ 
BATTERY CHARGER ....._ ~ 

ALTERNATE LOCATION UNDER 
ENGINE CONTROL PANEL 

CABINET 
BATTERY RACK C - - --~ ~'· "· 

Al TERNATE LOCATION OF BATTERY RACK) r 

ENGINE 
CONTROL PANEL 

ALTERNATE LOCATIONS OF BATTERY CHAR~-~- ·f. ~· 
.. . .. :~·:·~~ 

.·.:j1..'.,:··,.' 

MAIN SWITCHBOARD 

I 0 SERVICE---.J 

3 0 SERVICE----.J 

STARTERS --~--.i 

ENGINE 
HEATER C.B.----J 

CONTROL PANEL 

BATTERY PLAN 

GEAR WATER 
COO LENT 
SOLENOID llALVE 

RIGHT ANGLE GEAR DRIVE 

TACHOMETER GEN. 

SOLENOID 11 
OPERATED t 1 

ENGINE CONTROL PANEL 

OILER VALVE -+--_:._,,.l..!../'---'lCTYJ:il I ENGINE INSTRUMENT l'lllNEL 
1 't2"LTF*-2. 14 / ) 

3/4 II 2 ... ;:; ~ - - ENGINE WATE; ) I 
_j ___ JACKET ~E~E~ _ _ _/ 

I l/4 11 -12."'14 .. 
!--------~--------------':.~:·.(~:' 

----'----'.--~'-'--"r----i.:;-'-"-'------.L-----------_;;._;;_._'--' 

* LTF ·LIQUID TIGHT FLEXIBLE CONDUIT 

ENGINE PLAN 
24 VOLTS [ 
TO ENGINE 

12 VOLT BATTERIES (2) 
BATTERY CHARGER 

O.C. AMMETER ----t---...r 

112
11 -2.*12, POWER 

120 VOLT, 60H3 

l/2 11 -2."'12, 24 VOLTS O.C. 

I 

0 

0 

-

0 

0 

0 

0 0 

!I 

ELEV.-ENGINE BATTERY 
CHARGER 

BATTERY RACK_______.. 

- -

24 VOLT SYSTEM USING 
2-12 VOLT BATTERIES 

FIGURE 12-17. ENGINE STARTING 
12-25 
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* USE I~ OF SUW PUMP 
CUTOFF SWITCH 

FIG URE 12-18 

ALTERN,(1'0~6 
~ MAGNETO~e>-C6 

ENGINE CONTROL- CIRCUIT WIRING DIAGRAM 
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EQUIPMENT 
I FUSE AND FUSE BLOCK 
2 RESET TIMER - 0-20 MINUTES 
3 CIRCUIT BREAKER 480 VOLT 3 POLE · 
4 CIRCUIT TRANSFORMER - AMMETER 
5 AMMETER 
6 AMBER CONTROL LIGiT AND TRANS~ER 

7 HAND-OFF-AUTOMATIC MO~ CONTROL 
SWITCH (S.P.) 

8 TEST SWITCH N.Q 

9 MAGNETIC STARTER 480 VOLT 2 POLE 

10 WATER LEVEL PRESSlRE SWm::H (BARK~LE) 

II TOTALIZING ELAPSED TIME INDICATOO 
4EK>VOLTS 

12 SOLENOID OPERATED LUBRICANT 
VALVE 480 VOLTS 

13 TIME DELAY RELAY 120VOLTS 2 POLE 
IN.0. AND I N.C. (3MIN.) 

14 RELAY 120VAC 2 POLE 2N.O.-G<E. 
MACHNE TO<l.. RELAY CR2810 I 

15 RELAY 120 VAC 4 POLE 3 N.O. ANO I N.C. 
G.E. MACHINE TOOL RELAY CR2810 CD 

16 RELAY 480 VAC 3 Pa..E I N.Q AND 2 N.C. 
G.E: MACHINE TO<l.. RELAY CR2810 CD 

17 RED AND GREEN INDICATING LIGHTS 120 VOLTS 

18 Cl.RRENT TRANSFORMER - WATTMETER 

19 SCLENOID OPERATED VALVE WATER 
AGITATOO 120 V<l..T 

20 CONTROL PANEL {STANMRD DWGf2-ML227) 

. NOTES . 
I. STANDANO CIRCUITS AND WIRE NUMBERING ASSEMEILIES 

SHOWN ARE TYPICAL TO LOS ANGELES COUNTY F1.DOO 
CONTROL DISTRICT PUMP STATIONS. 

2. VOLTftGE CIROJITS ARE DESIGNA!'ED BY Tt£ FOLLOWING ME1HOD 
NJMBERS' I' THRU '99' . , 24 VOLT CACUITS 
ru.tBERS 'IOI' TtR.1'1991 

1120 VOLT CIR<lJITS 
Nl.MBERS '20' THRU 1299 , 240 VOlr ~CUITS 
NUMBERS '4ot' THRU ~99' , 408 VOLT CIRCUITS 

3. PUMPAM.'l PlMP ~OL Cf!CUITS ARE DESK;NATED THUS. 
CAPITAL LETTER , A, - PUMP NO. I . 
CAPITAL LETTER B - PUMP NJ. 2 
CAPITAL LETTER •c • - PUMP .NO. 3 · 
CAPITAL LETTER ID. - PUMP NQ 4 

4. WIRE NUMBERING IS SHOWN THUS: 
A40I PUMP NJ.I, 480 VOLT CIRCUIT 
8402 PUMP NQ2, 480 VOLT CIRCUIT 
C201 PUMP N0.3, 240 VOLT CIRCUIT 
DI02 PlN> NQ 4, 120 VOLT CIRCUIT 
E 16 PlMP NO. 5, 24 VOLT CIRCUIT 

5. WIRES CARRYWG NJ LETTER f.l FRONT OF NUMBER ARE 
CXlMMON 10 MORE THAN OtE Pl.MP OR CONTROL CIRCUIT. 
SUCH AS NO. IOI -120 VOLT FROM CONTROL PANEL OR 
NJ. 106 NEUTRAL OR GROUND. 

6. WPil'ER LEVEL CONTROLS SHALL BE. ADJUSTABLE DUA. SNAP 
ACTION SWITCl£S ICTIWED BY A DIAPHRAG.t PRESSl..ME 
SEALED CAPSl..t.E OPERATED BY AIR PRESSURE. 

7. FUSE AND FUSE BLOCKS TO BE DETERMINED BY CODE 
REQUIREMENTS. 

8. MftGNETIC STARTER TO BE DETERMINED BY SIZE OF 
ELECTRIC MOTOR. 

9. STRIP t£ATER WATTAGE REQUIREMENTS, TO KEEP MOTOR 
WNJING AND PO.VER PANEL FREE OF KllST~E • 

10. ALL CflCUIT BREAKERS SHALL BE TO CODE REQUIREMENTS. 
11. AU. WIRE SIZES SHALL BE TO COtE- REQUIREMENTS. 
12. AM\ETER RANGES SHCU..D BE 40 PERCENT OVER RlNllNG UW>. 
13. VOLTMETER SHALL BE 0-600 VOLTS. 

SCHEDULE 
21 HAND-OFF-AUTOMATIC MOTOO CONTROL 

SWITCH ( D. P.) 

22 RELAY 480 VOLTS 2 POLE N.0. 
( 600 VOLT CONTACTS ) 

23 ENGINE WATER HEATER 480 VOLTS 
( KIM HOTSTART ) 

24 THERMOSTAT 480 VOLT OPERATED 
25 TACTOMETER GENERATOO 

26 SQ..EM)IO OPERATED OILER ~LVE 24 \QT DC. 
27 SOLENOID OPERATED OIL COOLANT WATER 

VALVE 24 VOLT D.C. 
28 SWITCH, CLUTCH HANDLE OPERATED 

CN.O. WHEN DISENGAGED) 

29 ALARM EELL 6 INCH 24 VOLT D.C. 
30 SWITCH PUSHBUTTON BELL SILENCER N.O. 
31 RELAY 24 voe 2 POLE I N.O. AND I N.C. 

G.E. RELAY CR2811 ([) 

32 RELAY 24 voe 4 Pa..E 3 N.Q AND I N.C. 
G.E. RELAY CR2811 © 

33 RED ANO GREEN N)l("ATING LIGHTS 24 VOLTS 

34 TERMINAL STRIP 

35 BATTERY CHARGER (LAMARCHE MOCEL A"5-I024V) 
36 RELAY 24 voe I Pa..E N.Q (MIN. CONTACT 

RATING 5 AMP) 

37 VERTICAL H<l..LOW SHAFT MOTOO 480V 30 150HF 
38 F\£L TRANSFER SWITCH 

39 STRIP HEATER 

40 SWITCH SNAP LOADED ENGINE CUT-OFF 
N.C. ( REMOTE ) 

14. RECORDING METER RANGES SHOULD BE 40 PERCENT CHER 
RUNNING LOAD.. 

15. CURRENT TRANSFORMER TO MATCH AMMETER AND 
WATTMETER RANGES. 

16. TEMINAL STRIPS AS REQUIRED. 
17. ENGINE WATER HEATER WATTAGE 10 BE DETERt.ttED BY 

SIZE OF ENGINE. 
18. PILOT LIGHTS SHALL BE TYPE S-6 CANDELABRA, 

SCR. BAS£ , NCAN>. LAMP • 
19. N.C. NORMALLY Q.OSED SWO'CH OR RELAY. 
2a. N.a NORMALLY a:>EN SWITCH OR RELAY. 
21. QP.S. OIL PRESSURE SWITCH. 
22. F.s.v. FUEL SOLEN:»D vALVE. 
23. @ CONTACTOR OR RELAY COL. 
24. S.P.D.T. SINGLE POLE , DOUBLE THROW. 
25. D.P.D.T. OOJBLE POLE, DOUBLE THROW. 
216. E.T.M. ELAPSED TIME METER. 
27. O.S.S. OVERSPEED SWITCH. 
28. W.T.S. WATER TEMPERATURE SWITCH. 

FIGURE 12-19 
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480 va..Ts 

AGURE 12-20 SUMP PUMP WITH SOLENOID AGITATOR UNIT 
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Panel A, sometimes described as a lighting panel, shows items 
with 120 volt service and how the load is spread between phases. 
In this case, the load is easily carried by two phases and the 
third is not used. Circuits 9 and 11 are tied together to pro­
vide 208 volts for operating the roll-up door motor. 

The use of engines with 24 volt battery starting and a 120 volt 
control system is a complication which needs to be carefully re­
lated to the basic 480 volt supply for pump motors. Figure 12-17 
gives the basics of these requirements with further details shown 
in the wiring diagram, Figure 12-18. Explanatory notes relating 
to Figure 12-18 are shown on Figure 12~19 which applies also to 
the wiring diagrams for the sump pump Figure 12-20, and to the 
150 HP pump, Figure 12-21. Each of the three engines at this 
particular station are required to start automatically in response 
to water level sensed by pressure switches on 120 volt circuits. 
Working through the engine control panels, the 24 volt batteries 
start the engines, each driving its pump. · Meanwhile the electri­
cally-driven pump with 480 volt motor continues to operate. See 
Chapter 15 - Station Layouts and Design Calculations. 

Figure 12-22 shows a typical main switchboard as available from 
a major manufacturer. It is essentially constructed on a modular 
basis with both single-phase and three-phase pull-sections for 
underground service. Various components are set in the frame 
as required and empty spaces are described as fillers. Single­
phase and three-phase meters are integral with the swi tchb,oard. 
Sometimes switchboards are refer.red to as panels or more appro­
priately as motor control centers. The motor control center with 
cabinet may be less costly than the panelboard because of its 
shop-fabrication compared with the field installation required 
for a panelboard. The physical size of enclosures for motor 
starters and some idea of the internal components will be observed 
from Figures 12-19 and 12-20. A minimum of three feet clearance 
must be allowed in front of all MCC's. Some also require rear 
access. Occasionally, local panel manufacturers can provide an 
acceptable assembly of components within lesser space requirements. 
This will be understood by reference back to Figure 12-10. 
Sufficient air space must always be allowed for heat dissipation. 

A very important consideration in regard to the main switchgear 
is that it should be located directly in the path between the in­
coming power supply and the ce11ter of the electrical load. There 
is seldom reason to carry expensive conductors more than the min­
imum distance. Figure 12-14 shows' how i~ was possible to go under­
ground from pole to switchgear, then to the pump motor with mini­
mum additional length of conduit and large conductors. Again, 
there are very stringent and specific restrictions on the number 
and radius of elbows in any conduit run, especially for large 
conductors. This has to be reviewed and properly established with 
the utility company at an early stage of design. 
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FILLER 

TIME SWITCH 

UNDERGROUND PULL SECTION 

. KWH METER I <J 

RKVA METER 

VOLTMETER 

·STARTER (SUMP PUMP) 

ELAPSED TIME INDICATOR 

HAND-OFF-AUTOMATIC SWITCH 

SPACE, CONTROL PANEL SUBMAIN C. B. 
r--""T"""~...;_:::....,..,~-r--~~~~-r---l--l-~--1-':.._,;!.:..........--........:..~--. 

RESET 8 PUSH TO TEST BUTTON 

AMMETERS 

UNDERGROUND PULL SECTION 

CURRENT TRANSFORMER SPACE 

STARTER 

RED 8 GREEN LIGHTS 

FIGURE 12-22 MAIN SWITCHBOARD LAYOUT 

TYPICAL LAYOUT FOR SWITCHBOARD SERVING ONE ELECTRIC 
SUMP PUMP, 2 MAIN ELECl:RIC PUMPS AND 2 ENGINES. 
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Switchgear inptallation for 
1-150 hp pump and sump pump, 

with other accessory features shown 

FIGURE 12-23 

Tachometer generato r (cover removed) 

FIGURE 12-24 
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Medium- voltage (2 ,4 00 v.) 
motor starters, Detroit, MI 

FI GURE 12-25 

12-33 

Mo t o r Control Cen t er 
for 3-20 hp, 480 
motors, Detro it, MI 

FIGURE 12-26 

See Figure 2-9 f or 
view of interio r o f 
station 
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Main switchboard for two 
combination motor-engine 
driven pumps. Battery 
chargers mounted on end of 
switchboard 

FIGURE 12-27 

12-34 

Level switches 
for Dry-Pit station 

FIGURE 12--28 
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Figure 12-23 shows the actual construction of the switchgear 
shown on Figures 12-14 and 12-15. The 120 v. single-phase ser­
vice and meter section were separated from the main panel. Adja­
cent to the 120 v. service is the telemetering cabinet and gas 
detection equipment, mounted above the pressure-switches for pump 
start and stop. Figure 12-24 shows a tachometer generator mounted 
behind the right-angle gear drive. The cover has been removed 
to show internals. 

Lighting is usually a minor consideration in pump stations and 
formal calculations relating to foot-candles of intensity are 
not essential. Fluorescent fixtures are to be preferred rather 
than incandescent. Some exterior lighting may be needed. Gen­
eral details may be observed from the various figures. 

12-K. PUMP ON-OFF CONTROLS 

In stormwater pumping, it is usually the intent to pump out all 
inflows from the sump or storage box as rapidly as possible. 
Therefore, the control consists of starting pumps successively 
in response to rising water level and maintaining a pumping 
capacity on line greater than inflow. Various types of control 
switch may be used including the float switch, electrode probes, 
ultrasonic devices, tilting bulb with mercury switch, bubbler 
tube and entrapped air pressure switch. For a wet pit station, 
the pressure switch is recommended. This acts on the principle 
of rising water compressing the air in a pipe below the pressure 
switch so that at a given height of water and corresponding air 
pressure the switch is activated and the pump starts. When 
water drops to a given level the switch closes and the pump stops. 
Pump control must have enough deadband in the level switches to 
prevent motor Fe-start after the pump has stopped and water in 
the vertical discharge or suction pipe has drained back ~nto the 
wet-well. The control circuitry for the pressure switch is 
shown in Figures 12-18, 12-20 and 12-21. Details are given for 
a main pump, a submersible pump with agitator spray ring and time-· 
delayed start and for an engine. The corresponding schedule and 
notes are shown in Figure 12-19. Manufacturers' literature will 
show circuitry for the various other on-off controls mentioned. 
Some have a lead-lag feature between two or more pumps so that 
the first pump on, the lead pump, is alternated between all pumps 
to equalize wear. However, this is not an important factor in 
stormwater pumping. Changes in pressure switch settings to accom­
plish this can be done during routine maintenance. · 

The bubbler system has been used effectively in many stations, and 
is standard with the dry pit type. See Figures 12-7, 12-10 
and 12-11. Access to the liquid interface is usually difficult 
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unless the wet-well and the dry-pit have a common wall. Where 
the wet wall and dry pit do not have a common wall, then a bubble 
tube presents the best alternative. The bubble-tube is continu­
ous 3/8" O.D. polyethyline tubing inside a galvanized one-inch 
conduit installed between the two structures and entering the 
wet well from the top and terminating in the dry pit at an eleva­
tion above the highest possible water elevation. A packaged dual 
air compressor system with pressure switches and level gauges is 
provided. The air compressors should have automatic alternators 
to provide alternation of air compressors each time the compressor 
discharges into the air receiver. The receiver should be large 
enough to permit bubbler system to operate for at least four hours 
without starting an air compressor. A rotometer provides bubble 
control and visual indication of air supply. By-pass valve per­
mits periodic purging of the bubble tube to prevent clogging by 
trash in the wet-well. Figure 12-26 shows three non-adjustable 
pressure switches installed. They operate on a fixed pressure 
setting made at the factory. The plastic pipe is installed adja­
cent to the switches to test them by filling the column with water. 

Tilting bulbs with mercury switches are illustrated in Figure 6-10. 
Each bulb is suspended by a conducting cable to the level at which 
the switch is to operate. Its buoyancy in water tilts the bulb and 
the switch makes contact. In a large wet-pit, an enclosing pipe or 
stilling-well subject to water level might be needed to prevent 
horizontal water movement from interfering with proper operation. 

Electrode controls have no moving parts in the stormwater. The 
electrodes are suspended vertically from a fitting at the top of a 
non-conductive stilling-well with their lower ends positioned at the 
level elevations at which the control is to be actuated. From the 
fitting, conductors run to a controller to start and stop pumps. 

12-L. SUMMARY 

The information given in this chapter is general only. Any de­
tailed electrical design, equipment selection, conduit runs, wire 
sizing, controls and the like should be performed by a person 
experienced in the subject, possibly another assisting the pump 
station designer. There is an important electrical inter-rela­
tionship between pumps, engines, controls, instrumentation, alarms 
and telemetering so that other chapters and Appendix D - Specifi­
cations should be studied as part of the electrical design. 

Electrical safety must always be properly considered, with proper 
grounding and the avoidance of mixed-voltage hazards caused by 
running power, lighting, battery starting and control wiring in 
the same conduits. At least the minimum clear areas must always 
be provided in front of switchgear, and also at the rear where 
rear access equipment is utilized. 

* * * * * * * * * 
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CHAPTER 13. EMERGENCY GENERATORS 

13-A. GENERAL 

An emergency generator can provide an alternate source of electri­
cal power at a pump station in the event of loss of normal 
utility-furnished power. Because all pump stations use alterna­
ting current only such generators are considered. 

The operating voltage is likely to be limited to a small selec­
tion. Utility supply at 2,400 volts or above is limited to larger 
motors and stations. Although generators of 4,160 Y/2,400 volt 
can be obtained, these are very large specialized units and are 
not discussed in this Manual. In the range to which the Manual 
applies, the choice of generator voltages is either 480 Y/277 
or 208 Y/120. In all conventional installations, the utility 
service to a pump station will be 480 volts for motors which it 
is practical to run by an emergency generator. Some stations 
have both 480 and 120 volt services, the latter being for light­
ing, but it is impractical to consider generating two voltages, 
so the lower voltage should not be provided. A small transformer 
can be used instead. Again, three-phase current is invariably 
supplied by the utility if the voltage is 480, so only generators 
having 480 Y/277 volts, 3 phase, 4 wire, wye 60 Hertz out-put 
need to be considered. 

There are numerous manufacturers of generator sets, which are 
available in a broad range of sizes. The size or capacity is 
usually expressed in KW, (Kilowatts, meaning one thousand watts 
of power). To convert engine horse-power to KW multiply by .746. 
The generator engine may be powered by natural gas, which is a 
convenience where a piped supply is available for a stationary 
installation. However a greater range of selection will apply 
if the engine is diesel-fueled. Propane can also be used and 
propane or diesel as a fuel becomes essential if the emergencey 
generator is to be trailer-mounted or transportable in some other 
fashion. Due to size and power requirements, gasoline powered 
generators are not likely to be applicable and are not considered. 

Emergency generators may be conventional stationary installations 
permanently connected to the station switchgear and capable of 
carrying the entire load of a wet-pit pump station. Alternately, 
they may be of transportable type, compatible with being sized 
only for the lesser load of typical dry-pit stations as illustrated 
herein. The latter type may be intended to serve a number of 
stations within reasonable distance of its storage point. Certain 
precautions in making connections must be observed in order to 
safely transfer from the utility power source. 
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Beginning with the next section the selection of a suitable gen­
erator will be discussed with particular reference to adequate 
but not excessive size. Following there will be a description 
of motor starting characteristics and an example of the proce­
dures necessary to ensure that proper capability is provided for 
the large starting loads of any motors involved. These loads 
are larger than the running loads. 

13-B. PRINCIPLES OF GENERATOR-SET SELECTION 

A generator-set is rated in kva (kilovolt-amperes) or KW (kilo­
watts) and its engine must have enough power to serve the peak 
load and must have an adequate power margin (HP-KW) to recover 
frequency after an abrupt load application such as starting a 
motor. The power rating used should be the rating established 
by the engine manufacturer to afford adequate engine life in the 
type of service to which it is being applied. 

If the electrical load on the generator consists of lighting, or 
a number of small motors, there is little difficulty in determin­
ing requirements. However, there is a great difference between 
the current required to start a motor and the current required 
by the motor under full load. This becomes the controlling 
factor in selection of a generator as motor sizes increase. A 
numerical example of this is given later ir this chapter, where 
four motors of two different sizes are to be started and run. 

It is essential that the generator be capable of providing the 
necessary momentary large kva to start motors without excessive 
voltage dip. The skva (starting kva) of a motor can be deter­
mined from the motor code and the corresponding tabulated numer­
ical values. See Figure 13-1. The demand can also be computed 
from the locked rotor current rating. When more than one motor 
is to be started and run, the largest motor should be started 
first and the others in descending order. It is not practical 
to provide sufficient generator capacity to start more than one 
motor simultaneously without ov~rload. Provisions must be made 
to avoid simultaneous starts. ~f reduced voltage starting is 
incorporated in the main switchgear, its effect will be to reduce 
the size of generator because of the less skva required. 

In Chapter 11. - Engines and Accessories, reference was made to 
maximum, intermittent and continuous ratings of horsepower output. 
In considering engines for generator sets, the method of descri­
bing the ratings may be changed to standby, prime and continuous. 
Unfortunately there is no uniformity in meaning given to these 
ratings by different manufacturers. 

It is important to recognize that the emergency generator as used 
at a pump station will be performing emergency service as.its . 
name implies. The total electrical load of the pump station, if 
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ever applied to the generator-set will be of short duration only. 
Therefore, selection and sizing of the generator should be based 
on its prime rating, using the meaning that prime.is some interme­
diate figure between stand-by (intermittent) and continuous 
ratings. This will avoid oversizing the selection. 

Excursions above the prime rating may occur during the voltage 
dip which accompanies motor starting. The stand-by (intermittent) 
rating must be sufficient to provide that margin. 

13-C. MOTOR STARTING CHARACTERISTICS 

It will be assumed that the pump motors are started across-the­
line, since this is a more difficult conditon to be imposed upon 
the generator than reduced inrush starting. See Chapter 10 -
Electic Motors for Stormwater Pumps, and factors in Figure 13-1. 

The NEMA code letter of each motor must be determined, then the 
locked rotor or motor starting kva is calculated by multiplying 
the kva per horsepower by the horsepower of the motor, using 
the motor starting kva table on Figure 13-1. Code Fis often ap­
plicable and an average value of 5.3 may be used. Value of skva 
for a 200 hp motor code is 1060 kva. The applicable formula is 
ska=locked rotor current x volts x 1.732/1000. For any motor, the 
locked rotor kva draw is the same regardless of the phase, speed, 
and voltage rating on the motor nameplate, provided that the motor 
is connected to rated (nameplate) voltage. 

From a stationary condition the motor has to be accelerated to 
its operating rpm. The kva draw during motor acceleration is 
taken to be the same as the locked rotor kva determined from the 
tables, because the kva draw at locked rotor conditon persists 
until the motor has reached approximately 2/3 of rated speed. 
For this reason, in the following calculations, the kva draw dur­
ing motor acceleration is taken to be the same as the locked rotor 
kva determined from the tables. During the accelerating period 
(up to 2/3 speed) the kva draw of the motor is much higher than 
the running kva draw. The kw draw during this period is also 
greater than the running kw draw and is approximately half the 
accelerating kva draw. The accelerating kw draw reaches a maxi­
mum value at about 2/3 of rated motor speed. The shaft load on 
the motor affects the time required to accelerate to running 
speed, but does not affect the kva nor kw demand during the accel­
erating period. As the motor accelerates from 2/3 speed to rated 
speed, the kva draw diminishes to the running kva which is deter­
mined by service load on the motor. From 2/3 speed to running 
speed, the kw demand diminishes to about 74 per cent of the 
running kva for small motors and 90 per cent of the running 
kva for large' motors. When a motor is connected to an emergency 
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GENERATOR UNIT SELECTION CHART 

60 HZ RATINGS (kW) at 0.8 P.F. E OF RUNNING Sr STARTING KVA 

NTERMIT. PRIME CONT. CONT. 
GENERATOR SET IO% DIP 20 % DIP 30 % DIP 

RATING RATING RATING RP.M. 
970 850 745 1200 D399 TA !57!5 1200 2000 
845 670 665 1800 D349 TA 470 1260 1600 
725 600 5EO 1200 D398 TA 270 620 1130 
635 530 500 1800 D348 TA 280 630 1230 
485 420 375 1200 D379 TA 240 !500 9!50 
560 395 390 1800 3412 TA 230 470 810 
410 335 330 1800 D346 TA 216 440 740 
485 3:?0 335 1800 3412 TT 160 410 700 
365 300 280 1200 D3!53 TA 200 400 800 
430 295 300 1800 3412 T 160 410 700 

355 285 270 1800 3408 TA 17!5 330 !560 
350 250 240 1800 D343 TA 17!5 330 !560 
315 235 225 1800 3408 T 17!5 330 560 

280 210 205 1800 3406 TA 1!5!5 320 498 
240 200 185 1800 3406 T 137 290 448 

200 165 160 2000 3306 A 130 263 390 
170 135 125 2000 3306 T 12!5 247 36!5 
110 100 95 2000 3306 NA· 8!5 16!5 240 
125 100 95 2000 3304 T 8!5 16!5 240 
75 70 65 2000 3304 NA !58 114 170 

THIS TABLE IS TO BE USED AS AN EXAMPLE FOR COMPUTATIONAL EXERCISES ONLY. 
GENERATOR SET MODEL NUMBERS ARE TAKEN FROM CATERPILLAR TRACTOR CO. PUBLISHED 
LITERATURE BUT PRIME RATINGS SHOWN MAY NOT REPRESENT CURRENT MANUFACTURERS STANDARDS. 
TA- TURBOCHARGED-AFTERCOOLED TYPE MULT. SKYA IY 
T - TURBOCHARGED RESISTOR,REACTOR,IMPEDANCE 
TT- TWIN TURBOCHARGED 80% TAP 0.80 

65% TAP 0.65 
A - AFTERCOOLED 50% TAP 0.50 
NA - NATURALLY ASPIRATED 45% TAP 0.45 

NEMA 
STARTING kVA COOE 

LETTER PER HP 

A 0.00- 3.14 
B 3.1!5-3.54 
c 3.55-3.99 
D 4.00-4.49 
E 4.!50-4.99 
F 5.00-5.!59 
G 5.60-6.29 
H 6.30-7.09 
J 7.10-7.99 
K 8.00-8.99 
L 9.00-9.99 
M 10.00-11.19 
N 11.20-12.49 
p 12.!50-13.99 
R 14.00-1!5.99 
s 16.00-17.99 
T 18.00-19.99 
u 20.00-22.39 
v 22.40-

MOTOR 
STARTING 

kVA 

RUNNING 
HP 

KVA KW 

I 1.22 .9 
1•12 1.75 1.4 
2 2.3 I. 8 
3 3.3 2.6 
5 5.4 4.4 

7"2 7.8 6.6 
10 10.2 8.8 
I !5 14.9 13.0 
20 19.5 17.2 
2!5 24.0 21.2 
30 27.5 25.1 
40 ~.o 33.5 
!50 46.5 42.0 
60 5!5D 50.0 
7!5 69.0 62.0 
IOO 90.0 83.0 
125 111.0 104.0 
150 133.0 123.0 

200 175.0 164.0 

THREE - PHASE 
INDUCTION TYPE 
MOTORS-~ING 
KVAANO KW 

AUTOTRANSFORMER 
80% TAP 0.68 
65% TAP 0.46 
50% TAP 0.29 

Y START, I>. RUN 0.33 

REDUCED VOLTAGE STARTING FACTORS 
3. 

1.0 1.Q!5 1.IO 1.1!5 1.20 1.25 1.30 
MULnPLIER 

PRELOAD MULTIPLIER FOR 
MQTORS ON THE LINE 

DATA IN TABLE ABOVE ARE MOTOR LOADS AS "SEEN" BY THE GENERATOR 
AND INCLUDE COMPUTATIONS OF MOTOR EFFICIENCY AND POWER FACTOR. 

FIGURE 13-1. EMERGENCY GENERATOR SELECTION 
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generator which is not rated at the same voltage as the motor 
(for example 440 volt motor on a 480 volt generator), a correc­
tion must be made in the locked rotor kva. 

Allowable voltage dip for starting a loaded motor is 20 per 
cent. This means that as the pump motor starts, accelerates 
and picks up load from the pump itself coming up to functioning 
condition, the generator must be able to provide the kva asso­
ciated with the 20 per cent voltage dip. 

13-D. COMPUTATIONS FOR GENERATOR-SET SELECTION 

Assuming that the voltage of 480v and three-phase current are 
already established, the only basic data required to select a 
generator is total load served, largest motor driven with others 
in descending sizes, and motor code, from which is determined the 
kva and kw loads under locked rotor, accelerating and running 
conditions. 

The total load to be served is easily computed from the single-
1 ine diagram for the station showing all connected loads, motor 
horsepowers, and lighting and other single-phase loads. The 
horsepower of the largest motor is special significance, 
because of the starting current required. Other motor sizes 
are to be listed in descending sequence, so that the starting 
current for each when added to the running currents of the larger 
motor or motors, produces the least total current requirement. 

NEMA has standardized the running kva and kw of three-phase 
squirrel cage induction motors up to 200 hp and these values 
are tabulated in Figure 13-1. Also in Figure 13-1 is shown a Pre­
load Multiplier for motors on the line. The total running kva 
of all these motors must be increased by the multiplier and added 
to the starting kva of the motor being started. The reason for 
this is that the running kva of the motors already on line will be 
increased somewhat due to the voltage dip when starting another 
motor, and this must be allowed for. Tentatively selecting a 
certain generator set, the sum of the running and starting kva 
thus produced is then compared with the kva for various per­
centages of dip. If less than the tabulated value for 20% dip 
the tentative selection is satisfactory. If the sum of the run­
ning and starting kva is more than the value for 20% another 
selection must be made. 

The following computations are for the selection of a generator 
set to suit a station that has 480 volt, 3 phase, 60 hertz service, 
two main pumps with 200 hp motors and two smaller pumps with 100 
hp motors. In addition, there is a 10 hp sump pump and a bridge 
crane which require approximately 15 kw of three-phase service. 
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All motors are NEMA Code F. There is approximately 15 kw of single­
phase load consisting of lighting and miscellaneous equipment. 

The kilowatt ratings of the motors are quickly calculated initially 
for a tentative selection of generator size. The values used are 
taken from the table at running kva and kw values for three-phase 
induction type motors in Figure 13-1. 

2-200 hp motors @ 164 kw each = 328 kw 

2-100 hp motors @ 82.5 kw each = 165 kw 

Sump pump and bridge crane 15 kw 

Lighting and other single phase loads 15 kw 

Total connected load 523 kw 

Allowing for starting kva considerations, Figure 13-1 shows that 
a Caterpillar 0348 TA generator set might be suitable, since this 
has a prime rating of 530 kw and a stand-by rating of 630 kw. 

With starting kva given detailed consideration, more extensive 
computations are necessary. 

Motor starting sequence 

Horse-power of each motor 

Full voltage across-the-line 
skva, using 5.3 skva/hp 

Prime power kw rating 
Cat D348 TA 

20% Dip kva 

30% Dip kva 

First 

200 

1,060 

530 

630 

1230 

Second Third Fourth 

200 100 100 

1,060 530 530 

) 
) From Figure 13-1 
) 

Therefore without considering the second, third and fourth motors 
we see directly that the D348 TA is not suitable for starting a 
200 hp motor across-the-line. Another selection must be made. 
Based on running and starting kva of 1260 read from Figure 13-1 
the D349 TA should be suitable and is next tried, with the compu­
tation procedure lengthened. 

Motor starting sequence First Second Third Fourth 

Horsepower of each motor 200 200 100 100 
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Full voltage skva 1060 1060 530 530 

Prime power kw rating of 670 
Cat D349 TA 

Total hp of motors 200 400 500 
already started 

Prime power kw/ 670/200 670/400 670/500 
on-the-line hp 3.35 1.67 1.34 

Multiplier from graph 1.02 1.08 1.12 

Running kva of motors 164 164 82.5 
already on the line 164 164 

328 164 
410 

Running kva x Multiplier 167 354 459 

Starting kva 1060 1060 530 530 

E Running & Starting kva 1060 1227 884 989 

Therefore the Cat D349 TA with 1260 kva at 20% dip is a satis­
factory selection. Significantly, the continuous rating of the 
diesel engine driver is 890 hp. This is necessary to start and 
run 600 hp of large electric motors. The lighting and other loads 
are not significant and need not be included in the tabulation. 

In a quick check it will be found that if the starting sequence 
is 100/200/200/100 the maximum kva is 1318 at starting the 
second 200 hp motor. If the sequence is 100/100/200/200 the maxi­
mum kva is 1415. This confirms the importance of starting the 
largest motors first to minimize voltage dip. This requirement 
does not necessarily conform to the normal sequence of pump 
starting in response to water level. 

In a permanent installation the generator is connected to the 
station switchgear through a transfer switch which senses loss of 
utility power and trips to start the generator engine through its 
starting battery. The engine comes up to speed and the generator 
is ready to start the pumps. If pumps had been running at the 
moment of utility power outage they must be re-started in sequence, 
and the generator will then continue to run until power is restored. 
Preferably, starting occurs only if the pumps had been running. 

If the pumps are connected to utility power through reduced 
voltage starting a smaller generator is needed. There is thus an 
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Q. _ _ r I 

Trailer- mounted emergency generator 
of the type used by Caltrans 

Figu:r:e 13-2 

Generator control panel 

Figure 13-3 
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economic trade-off where across-the-line is possible, this being 
the cost of across-the-line starting and larger generator set 
versus reduced-voltage starting and smaller generator. 

13-E. THE MOBILE GENERATOR CONCEPT 

Emergency or transportable equipment to start very large motors 
is expensive and usually impractical. It can only be justified 
in unusual circumstances. On the other hand, it is feasible to 
provide for starting medium-size or smaller motors, especially 
those as installed in dry-pit stations of the California type. 
Caltrans has an effective program to provide this stand-by capa­
bility, each generator being trailer-mounted and garaged in a 
location suitable to serve a number of stations. 

A generator must be compatible with the stations it serves to 
avoid overload, incorrect pump rotation and accidents to person­
nel. Figure 2-4 in Chapter 2 shows the garaging of a typical 
generator unit. Figure 12-6 shows a male receptacle and manual 
transfer switch. The wall mounted receptacle and mating female 
connector supplied with the generator must be polarized to 
prevent improper connections. The generator output connector must 
have the same phase-rotation as the male receptacle located at 
each pump station. If not checked prior to application, it is 
possible the motors would run backwards when the stand-by power 
is applied. When required to operate, the generator is brought 
into place adjacent to the station, the lead cables are plugged 
into the receptacle, the unit is started, and with the transfer 
switch correctly set, the motors can be restarted one at a time. 

The location of the garage or storage of the towable emergency 
generator is very important. One method is to store it at a 
central maintenance yard with alternate routes available to all 
highway pump stations that the generator is to serve. An alter­
nate method is to locate it at one of the pump stations it is to 
protect, as in Figure 2-4. Careful planning must be done to 
assure that the unit can be moved to any station within the area 
speedily. Frequently, the only highway route open to the emer­
gency truck towing the unit is the one that is being flooded by 
the power outage. 

Figures 12-6 and 12-8 showing station panel board can be reviewed. 
With all equipment in place, the procedure for transferring to 
stand-by power is as follows: 

Open circuit breaker on generator. 

Start engine. 

Plug-in portable cord. 

Turn manual transfer switch to stand-by. 
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If ventilation equipment is required to run prior to oper­
ating pumps, open all main circuit breakers except those 
serving the ventilation equipment. 

Place all pump controls in "Off" position. 

Check generator control panel for proper voltage, fre­
quency, and engine temperature. 

Close main circuit breaker at generator control panel. 

Turn control switch for largest pump motor to "manual" 
position. 

Start largest motor and allow it to accelerate to normal 
speed. 

Start other motors in sequence of descending size observing 
generator voltmeter. Voltage will not drop more than 20 
per cent of generator rating if generator is properly sized 
and each motor is started and accelerated in sequence as 
described. 

To transfer back to normal power, follow the above pro­
cedures in reverse order. Do not restart any motor until 
it has come to a full stop. 

Figure 13-2 shows a trailer-mounted stand-by generator of the 
type used by Caltrans. Figure 13-3 shows the generator control 
panel. 

* * * * * * * * * 
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CHAPTER 14. CONSTRUCTION DETAILS 

14-A. GENERAL 

Details of construction as they relate to general types of work 
such as highways, bridges and buildings are assumed to be well 
understood. The pump station designer will be able in many cases 
to use details and standard specifications with which he is familiar. 
This chapter emphasizes conditions and requirements which are 
specialized arrlrelate specifically to pump stations. Chapter 15. -
Station Design Calculations and Layouts, gives a listing of 30 or 
more items, accessories or systems which may be found in pump 
stations. Some stations may have them all, some only a few, 
according to the need perceived. 

Architectural and structural factors are first considered, followed 
by cranes and hoists~ ventilation and plumbing, protective coatings, 
and some miscellaneous items such as fire protection, intrusion alarms, 
gas detection, instrumentation and telemetering. Appendix D -
Specifications should also be studied for further details and can 
be used as a guide to assist the writing of specifications for a 
particular project. 

14-B. ARCHITECTURAL CONSIDERATIONS 

Architecture in relation to pump stations may be narrowly defined 
as having to do only with the visual appearance of stations, which 
will vary greatly from one area to another depending on any pre­
vailing standards of the agency, station location and other factors. 
~nterior arrangements of.space and amenity which are usually 
important face~s of architecture will be subordinated to provisions 
f~r.accommodating the necessary pumping machinery, with only the 
mini~al space and facilities required for safe access, safe 
work~n~ areas and the convenience of personnel. Chapter 3. - Site 
Conditions, should be reviewed at this point because the text is 
re~evant and th~ figures therein show increasing attention being 
paid to aesthetic values. 

For pump station superstructures, concrete and masonry are the most 
widely-used materials. Figures 3-7 and 3-8 show rectangular 
masonry superstructures above caisson construction, and may be 
compared with the austere and unattractive concrete caisson super­
structure shown in Figure 14-1. Woo~ frame and stuc~o ~helters 
have had very little use and pre-engineered metal buildings as 
shown in Figure 14-2 have limited application. The m7tal s~per­
structure is colorful and neat, usually with contrasting trim, but a 
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Poured concrete superstructure 
for caisson-type pump station 

Figure 14-1 

Pre-engineered metal building 
for pump controls 

Figure 14-2 
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Exposed aggregate wall panel 

Figure 14-3 

Architectural concrete for 
dry-pit pump station 

Figure 14-4 
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more substantial structure is usually preferred. Figures 14-3 and 
14-4 show pleasing examples of work in concrete. 

14-C. CHOICE OF MATERIALS 

For the substructure of a pump station, the conventional choice 
is reinforced concrete, but the method of placement varies. Cast­
in-place construction is usually used for rectangular pump pits. 
For caissons, concrete is normally precast either at the site or 
elsewhere and then sunk to required level. In the case illustrated 
in Figure 2-28, large-diameter precast concrete sewer pipe was used 
to construct the pit. Precast rectangular vaults as shown in 
Figures 2-26 and 2-27 have also been used for very small stations 
with submersible pumps. Cast-iron or pressed steel rings have been 
used in the past for caisson-type stations and steel vessels have 
been used for sewage li stations. However, precast or cast-in­
place concrete is usually the most suitable material for stormwater 
pump station substructures. 

For pump station superstructures, poured or cast-in-place concrete 
is very versatile and with reasonable care some very effective 
results can be obtained. Some variations in treatment include 
the use of aggregate of various colors with light, medium or heavy 
sandblasting; fiberglas forms, molded to various shapes and curvatures; 
single-use polystyrene form liners indented to create a brick or 
block masonry pattern; or form linings to produce textures such as 
handsplit cedar or rough-sawn lumber. 

In Figure 14-4, the rectangular pattern in the concrete was created 
by nailing square or vee strips to the forms. The simulated 
textured roof was created by nailing reinforcing bars to the forms. 
Figure 7-1 shows more detail of a similar station. Other examples 
where parts of the walls are exposed aggregate, or aggregate finish, 
are shown in Figures 2-7, 2-15 and 14-3. Precast wall panels or 
units rarely have a place in pump station construction due to the 
small size of the average station and the number of openings in 
the wall structure. Rock-salt finish is frequently used for flat 
concrete work. The salt dissolves leaving a pock-marked surface. 

Masonry will usually be either brick or concrete block, although 
natural stone may have a place, either as a solid wall or a veneer 
over interior wythes of common brick or plain concrete block. A 
face brick of some type is usually pleasing, with or without ex­
posed concrete columns, beams or other features. However, concrete 
block masonry is usually preferred over brick due to the greater 
variety of block type and size available. 
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Common precision block, devoid of ornament, tends to produce a 
mediocre or utilitarian appearance. On the other hand, slumped 
block or split face block, properly detailed, can give pleasing 
results. Figure 3-8 is an example of this. A pale yellow color 
block was used, with matching mortar. Grey block and plain mortar 
painted with any selected color may also be used. Split face 
block was used for the station illustrated in Figure 14-18. The 
radiused corners of the building improved the appearance with 
insignificant cost increase. 

It is not appropriate to recommend the use of concrete for super­
structures in preference to masonry, or vice versa. The proper 
use of either can produce very satisfactory results. 

14-D. STRUCTURAL ANALYSIS 

An adequately designed foundation for the pump station is essen­
tial. In particular, the need for piling and the pdssibility of 
hydrostatic uplift must always be checked. An exterior water­
proofing membrane may be required to prevent groundwater infil-
tration. · 

The foundation investigation involves determination of the seismic 
factor in some localities. A seismic factor that is higher than 
usual building code values is sometimes necessary due to proximity 
of the station to active earthquake faults. A recently constructed 
station in Southern California was designed for a seismic factor 
of .45g. This high factor was resisted without much special pro­
vision in the superstructure. The main structural problem occurred 
in the walls below grade, due to the very high combinations of 
active and passive lateral soil pressures. The necessity of in­
terior wall stiffening to resist the high bending moments and 
shears, and the two-way spanning of the wall panels contributed 
significantly to the complexity of the structural design of the 
box-type structure. An isometric view of this structlire is 
shown in Figure 14-5. 

Elements of the substructure also perform the essential hydraulic 
function of controlling and directing the flow of water so that 
there is a very significant combination of form and function in 
design. The spacing and layout of floor slab openings and 
supporting beams must be carefully co-ordinated with equipment 
and access requirements. See Figure 14-6. In some cases, the 
structural analsyis is straight-forward and presents little 
difficulty, while in others it may be very involved. An example 
of a complex case would be a station with a rectangular pump pit 
deep below grade, having an inlet transition and interior walls, 
and with the entire station designed to be resistant to high 
seismic forces. 
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For pump stations, mass and uniformity of concrete sections is 
preferable to thin, highly stressed and highly reinforced members. 
This leads to some sensible simplification, but even so the com­
plexity of such a box structure with apertures in floors and 
walls requires careful analysis, design and detailing. Concrete 
sections in a pump station should be generously proportioned. 
Due to the difficulties of forming, there is little to be gained 
by reducing sections to an assortment of minimum sizes. Also, 
the added weight of the structure helps to offset buoyancy and 
to dampen vibrations. Computer-aided design including dynamic 
analysis is recommended. 

Masonry in the superstructure can be designed to withstand high 
seismic loads. It is essential that all masonry be reinforced, 
and that all block cells be grouted. If brick is used, a contin­
uous grout core is required. These types of construction are 
normal in high seismic areas. The use of pilasters on the interior 
of the walls is more or less essential for the support of crane 
rails for a top-riding crane, and their combination with a con­
crete roof provides the box structure required. If insulation 
of the building is required, it should be internal, rather than 
hollow wall construction. 

14-E. WATERPROOFING AND MISCELLANEOUS METAL 

Pump stations require many special features built into their general 
construction. A selection of these is described in this Section. 
General building construction details in common usage are not 
referred to. The sequence of coverage is from bottom of excavation 
to top of roof, utilizing a wet-pit design as the example. 

Waterproofing of the exterior of the pump pit may be necessary. 
This can be accomplished economically by a rolled-on or hot mop 
membrane. Alternately corrugated cardboard panels packed with 
bentonite grains can be used, or PVC sheeting with ribs keyed into 
the concrete. In a caisson-type station, exterior waterproofing 
is impractical and dependence must be placed on impermiable concrete 
walls. 

On occasions, the inlet pipe may be of pressure type with rubber 
gasket joints, and it may also be necessary to allow for move­
ment between the station and the inlet line. A suitable detail 
is shown in Figure 14-7. 

In the pump pit itself the trash rack should be fabricated from 
A36 structural steel and a modular design using a number of 
similar panels is convenient. A maximum clear space between bars 
of less than one and one-half inches is desirable, to prevent pas­
sage of a 2 x 4 or similar object which might damage a pump. The 
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trash rack panels are attached to the base slab with corrosion­
resistant stainless steel bolts and are bolted at the top to the 
catwalk. The pattern of the trash rack and its slightly sloping 
face are intended to facilitate cleaning of the face by raking 
from the catwalk when necessary. A caged ladder gives access to 
the upstream portion of the pump pit and transition. See Figure 
14-7. 

The catwalk extends for the entire width of the pump pit allowing 
full access to the trash rack, and also by means of finger 
walkways to other equipment, and to a stairway to the bottom of 
the pump pit. The catwalk is suspended at several points from 
the concrete beams below the floor slab, but it is also designed 
as a horizontal truss to resist the force of moving water against 
debris on the face of the trash rack. 

The catwalk and walkways are made of welded grating and channels. 
The channels serve as side stringers, and as a toe-plate. A 
four-inch high toe-plate is needed to meet OSHA requirements. A 
pipe handrail of required height is attached to the channel. 
The finger walkways and the stairway are two feet clear width, 
again meeting OSHA minimums. Stairways are preferred to ladders, 
since ladders are generally more hazardous, especially when tools 
or equipment are being carried. See Figure 14-8. Minor, but 
very useful, accessories in the pump pit are the hoisting anchors 
embedded in walls or overhead concrete, as in Figure 14-7. 
These enable rigging to be secured any time dismantling or removal 
of pumps is required. 

All structural steel in the pump pit is welded into sub-assemblies 
and then galvanized to protect against corrosion. The sub­
assemblies are bolted together during installation. Bolted 
connections avoid the necessity of repairing the galvanizing which 
would be necessary after field welding. Care should be taken in 
designing the sub-assemblies with compatible metal thicknesses 
so that excessive distortions do not occur during the galvanizing 
process. 

For the best hydraulic conditions, a solid backwall behind the 
pumps should be provided. Therefore, manway openings in the 
backwall should be closed, except for drainage openings. Wooden 
doors with redwood verticals, ledged and braced, are satisfactory. 
These should be set in redwood frames and attached to the concrete 
by embedded toenails. Door details are shown on Figure 14-8. 

The access stairway from the pump pit to the engine room or pump 
room is enclosed and has a bulkhead with a gasketed gas-tight 
door. This is provided to seal off the pump pit and prevent 
gasoline or other explosive vapors from entering the super­
structure. Marine-type bulkhead doors are sometimes used, but 
their high threshold, restricted opening and screw clamps are 
inconvenient. 
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The pump pit plan and floor plan, Figure 14-6, show the pump pit 
items referred to, and also the layout of the openings in the 
floor. Each pump must be set in the pump pit and its motor 
driver or its gear-head if engine driven must be above the pump 
room floor. Therefore, an aperture in the floor is required to 
permit removal of the pump and its elbow and also removal of a 
check valve if used. 

The pump must be securely attached to the concrete floor and a 
checkerplate cover is provided over the rest of the opening, 
gasketed and held in place with countersunk screws to be gas 
tight. An elaborate fabricated pump base is required, securely 
embedded in the top of the concrete floor. See Figures 14-9 and 
14-10. This also is fabricated of A36 steel and is galvani 
after fabrication. 

Other required floor openings should have an embedded frame and 
checkered plate to close the opening. Where these openings are 
large and a heavy floor load is provided , it is necessary 
that s ffening ribs be welded to the underside of the checkered 
plate, and that threaded sockets be placed near the corners 
so the overhead crane may be used for their removal when 
necessary. Pump baseplates are normally quite thick and it 
is desirable to recess the anchor bolts to avoid the hazard of 
personnel tripping. In t, special care must be taken through-
out the pump room to avoid tripping hazards from electrical 
conduit stub-ups and runs, or from plumbing and piping runs. 
Much of this work cannot be shown on the plans except in schematic 
form, so vigilance is essential during construction to avoid 
conditions which are not satisfactory. 

In addition to the main access to the pump pit by concrete stair, 
a secondary ladder access at the opposite end should be 
provided as a safety feature. The access hatch when open must be 
protected by posts and surrounding chains. Similar provisions 
for guard posts and chains are made at all other removable 
cover plates. 

Personnel doors are provided at each end of the pump room for 
ready exit. In addition, a wide roll-up door serves for equip­
ment and truck access. Doors are steel, flush panel, with steel 
frames and the roll-up door can be operated both by electric 
motor or manually by chain. Door details can be obtained from 
standard manufacturers' catalogs, as can 1 necessary data on 
hardware. 

To discourage vandalism, louvers are more suitable than windows 
for pump station ventilation. Both electric motors and gas 
engines generate heat, and gas engines require air for combus­
tion. Cross-ventilation is necessary with either type of 
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driver. Fixed or manually controlled louvers suffice for 
electric motors 1 but engines should preferably have thermo­
statically controlled exhaust louvers. The engine fan draws 
air across the engine and discharges it through the radiator 
ducting and the thermostatically controlled louvers to the atmos­
phere. There is a corresponding inlet of air through manually 
controlled louvers on the opposite side of the building 1 which 
can be adjusted depending on ambient temperature. A louver 
detail is shown on Figure 14-11 and specifications are included 
in Appendix D - Specifications. If heat-exchangers are used for 
engine cooling 1 it is recommended that louvered air inlets with 
filters be set low in the exterior walls of the superstructure 1 

with exhaust fans at roof level. This or some similar means must 
be provided to provide for personnel safety and also for engine 
combustion air. 

Insulation of engine exhausts is desirable to prevent heat damage 
and for safety of personnel. Where an exhaust is carried up 
and through the roof slab, some special provisions are necessary 
to provide for expansion and to prevent moisture penetration. 
See Figure 14-11. 

14-F. THE NECESSITY FOR LIFTING DEVICES 

An enclosing structure for a stormwater pumping station presents 
a problem of access to the pumps and other equipment. At the 
very least, the enclosure must have roof hatches or covered 
openings through which equipment can be passed or debris can 
be removed with a mobile crane. Alternately, overhead bridge­
cranes, jib-cranes or monorails may be permanently installed. 

Some agencies prefer overhead power-operated bridge-cranes, 
along with lay-down or work-areas on the pump room floor where 
equipment can be dismantled or repaired. Others believe it is 
more cost effective to provide simple hand-chain lifting devices 
only or to remove equipment from the pump station for repair at 
a central location. 

No single recommendation for handling facilities is made, but 
it must be remembered that stormwater carries a great deal of mud 
and debris and the provision of power-operated lifting devices 
can greatly facilitate debris removal, including loading trucks. 
The lifting devices may be mobile or permanently installed. 
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14-G. OVERHEAD CRANES 

There are many manufacturers of overhead cranes, or bridge-cranes 
as they are sometimes called. A desired standard of materials 
and workmanship is set forth in Specifications for Electric 
Overhead Travelling Cranes, published by the Crane Manufacturers 
Association of America. 

Top-riding bridge-cranes, with the end carriages on top of rails 
set on longitudinal girders, are considered superior to the 
underhung type where bridge is hung from longitudinal beams set 
below the roof slab or elsewhere in the structure. But in a 
pump station this may not be an important factor since the service 
is Class A-1 (standby), not production, as in a fabricating shop 
or warehouse. Crane capacity must, of course, be sufficient for 
largest and heaviest items of equipment to be handled. A 5-ton 
capacity is normally sufficient. 

Bridge-cranes have three directions of movement, longitudinal 
for the bridge, transversely for the trolley and vertically 
for the hoist. Any or all of these movements may be manually 
chain-operated, or they may be completely electrically-powered, 
which is superior, but costly. Push-button pendant control is 
standard. See Figure 14-12. 

Vertical dimension required under the hook should be clearly 
shown, to suit pump sections to be removed from the sump. End 
approach requirement is also indicated, compatible with aisleway 
width between wall and right angle gear or other equipment. 
Clearance of roof drains, lighting, electrical switchgear, 
engine exhausts and the like should not be overlooked. 
Section 21 of Appendix D - Specifications gives a comprehensive 
self-explanatory description of requirements. 

Various components of bridge-cranes, a typical hoist, and a jib­
crane are shown in Figure 14-13. The bridge-crane drive shaft 
shows the option of an electric motor drive or a hand-chain drive. 
Either one or the other would be provided, not both. The hand 
chain is usually limited to smaller bridges of capacity of three (3) 
tons or less. An example of a simpler and smaller capacity low­
head room underhung bridge-crane is shown in Figure 14-14 and 
Figure 14-15. 

The bridge movement is accomplished by pulling on an endless 
chain hanging within 18 inches of the pump or motor room floor 
level. The chain wheel should be equipped with a swinging chain 
guide to prevent "gagging" of the chain when being rapidly 
handled. The chain wheel must be securely attached to the cross 
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shaft which should be high-grade cold rolled steel and should 
extend the full length of the bridge on one side. The cross 
shaft should be supported at not less than 7'-0" centers by 
antifriction bearings with grease fittings. A pinion gear 
should be keyed to each end of the drive shaft to engage the 
gears on the driving truck wheels. Handrack drive shaft 
couplings should be mounted within eighteen (18) inches of each 
end of shaft to simplify maintenance work. 

14-H. MONORAILS 

A monorail system is a simpler method of handling pumps and 
equipment, but it is limited, since travel of the hoist is 
available in one plane only. A configuration with more diversity 
is shown in Figure 14-16. The monorail system may be designed 
to accommodate any portion of the gross weights of equipment 
with suitable safety factors. 

The hoist may travel on a monorail by a hand racking system, or 
may be electrically powered. The hoist should be electric 
motor operated by a pendant control, or by a push button station 
located in the building, at a central location. Power to the 
hoist is usually provided by a reeling cable or tag line. The 
hook should be mounted in a thrust bearing so that it may be 
rotated under rated load. The hoist should have right and left 
hand grooved drum to avoid twisting of the block. 

14-I. JIB-CRANES 

Jib-cranes have a horizontal arm pivoted at one end, which can 
swing in a full circle in some cases, or less according to the 
type of mounting. A hoist, electric or manually-powered, can 
be positioned as required along the horizontal arm. Horizontal 
movement of the hoist or rotation of the arm are usually manual 
operations. The free-standing mounting with full rotation is 
shown in Figure 14-13, while the wall-mounted type is shown in 
Figure 2-11. This type is pivoted at top and bottom and has a tie 
supporting the horizontal arm, making it less expensive but 
limited in rotation. However, it is very suitable for the use 
illustrated. Jib-cranes have limited use for handling mechanical 
equipment in a pump station but obviously are of value in trash 
handling. 
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Low headroom bridge crane 
Houston, Texas 

Figure 14--14 

Low headroom hoist 

Fi9ure 14-15 
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14-J. HOISTS 

Regardless of whether an overhead crane, a monorail, a jib-crane 
or even a simple A-frame is being considered, the hoist a 
separate item and possibly the most important element in the 
lifting equipment. 

Hoists may be of manual type, with a single endless chain 
providing differential action for hoisting or lowering. They 
are very dependable and safe, and available within the load 
range required for a pump station. However, manual effort 
required and slow speed of operation limit their suitability. 

Most hoists are electrically powered for the lifting operation 
and may be suspended from trolleys which in turn are either 
manually or electrically travelled. As with bridge-cranes, 
there are many manufacturers nationally, and reference should 
be made to catalog data. Hoisting and lowering speeds are 
normally specified together with the vertical range through 
which the hoist is required to operate. Where a pump pit is 
very deep it may be necessary to have the hoist fitted with 
cable drums which are larger than standard, in order to accom­
modate the extra length of cable. Control is usually by a 
pendant-type push-button device, the electrical circuitry and 
wiring being all part of and furnished with the hoist. Inching 
capability should be specified to enable machinery to be set 
gently in place. Because of limited vertical clearance, it is 
often necessary for a low-headroom model to be utilized. 
Appendix D - Specifications, Section 21, contains data for 
specifying a hoist, whether it be part of a bridge-crane or 
other lifting structure. 

14-K. ROOF HATCHES AND MOBILE EQUIPMENT 

To many agencies, mobile equipment justifies the elimination of 
all hoisting equipment from pumping stations, including those 
which are powered by gas engines. 

Roof hatches must be carefully sized and if possible located 
directly above each item of equipment. Figure 14-17 shows a 
circular hatch over each pump, a rectangular hatch over the 
trash pit and a personnel access hatch. The relative locations 
can be compared with Figures 2-9 and 2-10 showing the interior of 
the same station. 
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Hatches in top of caisson-type station 
Detroit, MI 

Figure 14-17 

14-2 4 

Hydraulic crane 
lifting engine , 
Long Beach, CA 

Figure 14-18 
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Top of station showing accessibility 
Detroit, MI 

Figure 14-19 

1 4-25 

Setting 24" 
Vertical Pump 
Long Beach, CA 

Figure 14-20 
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Rectangular covers will be noted in Figure 2-14, and a comparison 
should be made with Figure 10-2 which shows the motor and pump 
which would have to pass through the hatch in the event that 
their removal was necessary. Figure 14-19 shows general 
accessibility. 

These hatch covers are heavy fabricated metal, and except for 
the personnel access hatch, can be secured from the inside of 
the station to prevent vandalism. Circular covers and some 
rectangular covers will have to be custom designed and fabricated, 
but it is also possible to use a standard manufactured product, 
sized to suit requirements. This is shown in Figure 14-21 and 
is complete with latch and other hardware, and is equally vandal­
proof. Use of this product in an actual pump station installation 
is shown in Figures 2-18 and 2-19, where a single long 
rectangular roof hatch or scuttle serves for the removal of three 
pumps. An interesting alternate to conventional roof hatches, 
used by one agency, is a translucent corrugated plastic covering 
over a simple structure frame, which can be seen in Figures 2-15, 
2-16 and 10-9. 

In removing equipment, its rotation to ensure clearance of discharge 
elbows or other projections is sometimes necessary, but this 
should present no problem. Where pumps are fitted with suction 
umbrellas these must be removed in the pump pit. Hoisting eyes 
embedded in the walls or the overhead beams or slab of the 
structure are useful in conjunction with come-alongs or other 
pulling or lifting devices. Figures 14-18 and 14-20 show the 
use of a mobile crane for equipment installation during con­
struction. 

14-L. VENTILATION 

Because of its importance to life support and safety, ventilation 
for even a small pump station will entail careful planning and 
design. Many stations will not be as complex as the examples 
which follow, but the figures and the specifications should be 
helpful. 

For pump station ventilation., the type of fan in common use is 
the belted vent set, which consists of a usually backward-curved 
centrifugal blade which is in a scroll-type housing with rectangu­
lar outlet of given area. The blade wheel is sized to provide 
the required output in cubic feet per minute and the motor runs 
at constant speed. By selecting the correct pulleys the units are 
factory set at the correct operating speed to produce the static 
pressure required. The static pressure is measured in inches of 
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water column and depends on inlet or outlet conditions and the 
length and cross-sectional area of ducting. The higher the static 
pressure, the more fan motor horsepower required. Two belted vent 
sets were used to ventilate the pump pit of the wet-pit station 
illustrated in Chapter 15. - Station Design Calculations and 
Layouts, Figures 15-1 through 15-5. 

Natural ventilation for the superstructure of the station is 
provided by means of louvers and doorway openings. The engines 
when running exhau·s t through their radiator louvers and the 
louvers opposite must be open. The mezzanine office, which has 
no opening windows, has a ceiling-mounted exhaust fan. When the 
office door is closed, exterior air enters through a wall vent 
and is heated, if necessary, by an electric heater. The pump pit 
is sealed off from the superstructure, but two fans are provided 
in the pump room. One draws in outside air and discharges into 
the west side of the pump pit. The other fan on the opposite 
side of the pump room draws air, possibly contaminated with 
gasoline fumes, from the east side of the pump pit and discharges 
it above the roof of the building. This creates proper cross­
ventilation of the pump pit. 

The fans are run automatically on a timer cycle and provide 
at least six air changes per hour based on the pump pit volume, 
which in this case is 30,640 cubic feet. The two fans are sized 
to deliver 3,000 cfm each, at l" static pressure. Therefore, they 
run about half of the time when needed. The fans are shut off in 
dry weather periods or when the station is unoccupied. The gas 
presence detector monitors the sump condition at all times and 
would give an alarm over the telemetering system if a gas 
condition existed. The fans could then be run to clear the 
hazard. 

Figures 14-22 and 14-23 show a dry-pit station with a centrifugal 
fap mounted near the bottom of the pit. In this case, there is a 
long suction duct from grade and a free discharge from the fan. 
Operating procedures for some dry-pit stations require the fan to 
be run for a minimum of ten minutes before personnel may descend 
the ladder into the pit, and the fan is to be run continuously 
while any personnel are in the pit. In Figure 14-24 a small 
centrifugal fan is illustrated, drawing air from a circular 
caisson-type sump at a Texas station. The air enters horizon­
tally and is discharged vertically up the galvanized exhaust 
duct. The fan discharge in cubic feet per minute in relation to 
the sump volume is not known. A wall-mounted exhaust fan in the 
superstructure of a caisson-type station is illustrated in 
Figure 14-25. 

The fan volume is defined as the volume in cubic feet per minute, 
passing through the fan outlet. In normal application, the. 
volume leaving the fan is substantially equal to that entering, 
since the change in specific volume between fan inlet and outlet 
is negligible. The outlet velocity of a fan is obtained by 
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dividing the air volume by the fan outlet area. It is the 
velocity which would occur at a point removed from the fan in a 
discharge duct having the same cross sectional area as the fan 
outle~. It is important that the fan outlet velocity does not 
d7scribe the velocity conditions which exist at the fan outlet, 
since all.fans have non-uniform outlet velocity. The fan velocity 
pressure is equal to the outlet velocity divided by 4,005 and 
squared. The fan total pressure is the difference between the 
total pressure at the fan outlet and the total pressure at the 
fan inlet. The fan static pressure is the fan total pressure 
less the fan velocity pressure, and is the usual condition to be 
determined prior to selection of a fan. Manufacturers' literature 
lists fan outputs against various static pressures, stated in 
inches of water column. The static pressure can be determined 
from tables based on duct length or other field conditions. Fan 
motors may be 110 or 208 v. single-phase or 480 v. three-phase. 
Refer to Appendix D - Specifications, Section 26, for a brief 
but adequate sample specification for inlet and exhaust fans. 

14-M. WATER SUPPLY AND SANITARY PLUMBING 

It is assumed that a supply of potable piped water is available 
near the pump station. Arrangements must be made with the water 
company to provide the type of service required, which they will 
normally do by laying a service connection from their nearest 
main and installing a meter at the property line. Downstream 
of the meter and before any branch, a backflow preventer must be 
installed. Depending on the type of station, the water supply 
may be simply to one or two hose bibbs for washdown or to a 
larger number of outlets for various purposes. A second backflow 
preventer on the domestic supply may be requested if such a 
service is required for potable water, wash-basin or water-closet. 
All outlets not on a domestic supply must be clearly marked as 
non-potable, not fit for drinking, regardless of source. 

One of the most important and frequently overlooked functions 
is to provide an initial stream of water prior to pump start-up, 
for the purpose of ensuring that accumulations of mud, silt and 
grit are properly fluidized, and that the pump "sees" a suitable 
fluid instead of a damaging accretion of solids containing 
insufficient water. Figure 14-26 shows such an arrangement with 
a two-inch supply to the agitator spray ring at the sump pump. 
The complete isometric of the water supply piping for a station 
with three engines is shown in Figure 14-27 and is self­
explanatory, particularly showing how for convenience water is 
piped to all points of need and how solenoid valves are utilized 
in some locations to start or stop flow as needed. Piping may 
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Wet-Pit station showing fan and inlet duct 
Los Angeles, CA 

Figure 14-22 

Sarne fan, ducting and power connection 

Figure 14-23 
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Centrifugal fan and exhaust duct 
Houston, TX. 

Figure 14-24 

14-31 

Wall-mounted 
exhaust fan, 
Detroit, MI. 

Figure 14-25 
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be galvanized steel, copper or polyvinyl choride (PVC). The 
change from one piping material to another to suit location and 
conditions can be seen, with the provision of di-electric bushings 
at changes of metal to prevent deterioration due to electrolysis. 
Note that the piping isometrics and details show the intent only. 
The physical locations, field supports and adjustments in routing 
require careful field layout and inspection to ensure that sightly, 
efficient and hazard-free installations result. 

Figure 14-27 shows the water supply piping to wash-basin and 
water-closet, and Appendix D - Specifications, describes suitable 
fixtures for industrial use. A small electric hot-water heater 
is also sometimes provided. The sanitary sewer connection 
(cast-iron) with waste vent to roof, and the exhaust fan are 
also all specified, and as these are details of general building 
construction, no further description should be necessary. 

14-N. SUMP PUMP AND MISCELLANEOUS PIPING 

Sump pumps in dry-pits are of very small capacity, see Figure 12-19. 
They are required to handle only small quantities of water, 
such as from pump packing and dismantling of equipment. There 
will be very little solids content in the water, consequently a 
small diameter galvanized discharge pipe with screwed elbows 
and other fittings will be satisfactory. 

Where the sump pump is directly exposed to stormwaters, and to 
random dry-weather inflows, as in a wet-pit station, the discharge 
line must be of larger size and as free as possible from 
obstructions. If the line is too small or has reverse elbows, 
there is likelihood of plugging and the sump pump becoming 
inoperable. Most sump pumps in this service are of submersible 
type, although there are non-clog recessed-impeller type sump 
pumps in service with extended shafts and conventional motors. 

It is a great advantage to be able to readily withdraw the sump 
pump to the pump room floor and a means of providing for this is 
shown in Figure 14-26, using an adequately sized flexible hose. 
Fittings downstream of the hose are even more generously sized 
with provision for air-release and drainage. Details also show 
relationship of sump pump sump to the opening in pump room floor 
above. See Figures 2-9, 15-4 and 15-5. 

14-0. FUEL SUPPLY 

Fuel supply includes both natural gas and LPG for engines. The 
necessary provisions and equipment required for the fuel supply 
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are illustrated in Figures 14-28 and 14-29, but where only one 
source is to be used, the system can be simplified accordingly. 
Switching from one supply to the other is effected manually and 
where natural gas can be piped in the LPG is usually only for 
stand-by or emergency use. 

Natural gas is supplied through a meter furnished by the utility 
company with regulators to reduce the pressure to required 
operating levels. Natural gas piping may be made up with screwed 
fittings. LPG is a liquid which is under pressure at ambient 
temperatures, and socket weld fittings are required. 

Strict regulations usually govern LPG storage and piping, 
including permissible capacity of tank and separation from 
adjacent structures. 

14-P. PROTECTIVE COATING PRINCIPLES 

Coatings are the most commonly used method for cornbatting corro­
sion, and painting is the commonest form of protective coating 
for metals. Coatings work on the principle of completely 
separating the metal to be protected from the corroding elements 
so as to prevent or minimize the reaction that may occur. 

Protective coatings are usually colored and may serve the added 
purposes of improving appearance, identifying various types of 
piping, structure or equipment, and of improving safety in 
compliance with OSHA. 

Pumps and other machinery, electri~al switchgear and equipment, 
structural steelwork and metal piping in any pump station are 
susceptible to the mechanism of corrosion from various sources, 
such as humid climate, airborne gases and industrial wastes, 
sewage, decaying vegetation and other harmful materials that 
may enter the station. The designer must recognize and protect 
against the possible consequences of deterioration by corrosion, 
since pump station shutdowns or unsatisfactory operation can and 
do occur as a result of the corrosion of pumps or other machinery 
and equipment. 

Painting, epoxy or bitumastic coatings, pressure sensitive tape, 
galvanizing and cement mortar coating or lining are the 
principal methods of applying protection to steel. Polyvinyl 
chloride (PVC) jacketing is sometimes applied to electrical 
conduit or other equipment. Waterproofing sealers and paint are 
applied to concrete, masonry and wood as necessary. 
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FLOW CHECK VALVE 

NOTES 
I. TANK SHALL BE SPOT RADIOGRAPHED PER PARA UW-52, SELECTION 'lZIII, ASME CODE FOR UNFIRED PRESSURE VESSELS 

2. TANK CONSTRUCTION SHALL COMPLY WITH ALL REGULATIONS OF LONG BEACH FIRE DEPARTMENT AND STATE OF CALIFORNIA 
DIVISION OF INDUSTRIAL SAFETY. 

3. WARNING SIGNS READING "FLAMABLE" AND •NO SMOKING OR OPEN FLAME PERMITTED WITHIN 25 FEET 11 SHALL BE 
POSTED ON TANK OR ADJACENT TO IT. LETTER SIZE SHALL BE 5 1

• 

4. PIPE SYSTEM SHALL BE SOCKET WELDED ANO SHALL BE TESTED AT 125 PS.I. UNDERGROUND PIPING SHALL NOT 
BE COVERED UNTIL AUTHORIZED BY STATE INSPECTOR. 

FIGURE 14-28. LPG TANK AND PIPING INSTALLATION 
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LPG CONVERTOR 

ENGINE JACKET 
WATER INLET 

LPG LOAD 
ADJUSTOR 

SOLENOID VALVE 

LIQUID LPG FILTER 

SHUT-OFF VALVE 

BYPASS VALVE 

SOLENOID VALVE 

PROVIDE OUTLET FOR 
ATTACHING VACUUM 
PRESSURE GAUGE 

II 
II 
II 
JI, 
11' 
ti 

MINIMUM 
DISTANCE 

ENGINE REGULATOR 
(INCHES TO INCHES! 

10" TO 4• WATER FOR N.G. ]--i(ll MOUNT GAUGE AT FLEXIBLE CONNECTION 
1" WATER FOR LP.G. :1 CONVENIENT LOCATION, ADJACENT TO 

ENGINE CONTROL PANEL. INSTALL COPPER 
TUBING FROM OUTLET TO GAUGE 

SCHEMATIC DIAGRAM- NATURALLY ASPIRATED 
DUAL FUEL GAS ENGINE 

PRIMARY REGULATOR 

~r ((POUNDS TO INCHES! ~ PRESSURE GAUGE 

'.1.-d '- J DOOR ti -.- f H~-ilf 
1 ~~--- - -- BY CONTRACTOR 

__s-l 4• G GAURD 1 BY GAS DEPT. 
LPG FROM TANK POSTS (2~ METER a GAS DEPT 

AT 2' O.C. ! I REGULATOR SET-UP 

l'-O" .1 ~-NATURAL GAS 

MIN. 

FLOOR LEVEL 

EMERGENCY SHUT· 
OFF VALVE 

ENGINE REGULATOR 
OUTLET PRESSURE• 
4" TO 10" WATER 
COLUMN 

(, ABOllE 

FOR IDENTIFICATION 

NATURAL 
GAS 

NATURAL GAS 8 LPG SUPPLY GAS ENGINE - TYPICAL DUAL 
FUEL SUPPLY 

FIGURE 14-29. FUEL SYSTEMS 
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The field of protective coatings is immense and confusing, which 
may lead to the specifying of primers and finish coats which 
are incompatible, or other errors. Reference to a representative 
selection of manufacturers' current literature is essential, 
and care must be taken to keep specifications up to date since 
development continues and product changes are frequent. 

14-Q. PAINTS 

Hundreds of different types of paint coatings are available. 
Many of the paints consist of proprietary compounds that are sold 
under various trade names. This can make paint selection 
confusing, but generally each type of paint is sufficiently 
described by the manufacturer that its suitability for the 
intended purpose can be properly judged. 

A basic reference for painting steel is the Steel Structures 
Painting Council (SSPC) Standard Specifications. In addition 
to covering various types of paint, there are specifications 
for surface preparation, meaning the removal of rust, scale, 
grease and other contaminants. From simple wire-brushing and 
the use of solvents, the surface preparation may extend to sand 
or shot-blasting to white metal, which forms a toothing on the 
metal surface which is compatible with the highest standard of 
paint adherence and performance. 

Coating thickness is measured in mils, or one-thousandths of an 
inch. The specified thickness usually requires a primer and two 
coats of the finishing material. Paint application also requires 
various safeguards intended to ensure compliance with specifica­
tions and avoidance of error or deception and the elimination of 
thin spots or pin-holes to bare metal. 

Oil paints, based on natural oils from plants and fish, are easy 
to apply and relatively inexpensive, but their resistance to 
acid fumes is not very good. Oil paints are permeable to 
moisture and are recommended only for mild atmospheres. Alkyd 
paints are resins obtained from the reaction of phthalic 
anydride and glycerine, and generally require baking to dry1 
but this can be avoided by combining them with an oil base. 
Alkyd paints have superior corrosion resistance to oil paints. 
Emulsion or water-base paints contain an emulsified resin in a 
water vehicle. There are many systems of this type, including 
polyvinyl acetates and acrylics. The main attractions of the 
water base paints are the ease of application, little odor, 
and easy cleanup. Urethane paints are made by reacting iso­
cyanates with polyols. They have good toughness and abrasion 
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resistance, and their corrosion resistance may approach that of 
the vinyls and epoxies. Vinyl paints are made by polymerization 
of compounds containing the vinyl group and are more corrosion 
resistant than oil-based or alkyd-based coatings. 

14-R. EPOXY COATINGS 

Epoxy coatings are formed by reacting epichlorhydrin with 
polyphenols, resulting in a variety of coatings classified by 
their method of hardening. Amine-hardened epoxy coatings consist 
of two components, the hardener and the resin, that are mixed 
just before using. These are the most resistant to chemicals. 
Polyamide-hardened epoxy is less resistant to acids but is 
tougher and more moisture proof. Coal-tar epoxy is a combina­
tion of epoxy resins and coal tar pitch. It can be applied to 
steel without a primer and gives good resistance to fresh and 
sea water, soil and inorganic acids. 

Epoxy coatings have been found to give reliable service when 
used for pumps, discharge piping and items in the pump pit, 
justifying their greater first cost compared with paint systems. 
Coatings should be shop applied as far as possible, with 
thorough prior surface preparation. A total dry film thickness 
of 15 to 18 mils is desirable. To avoid erosion, velocity of 
water in pumps, piping and manifolds should be limited to ten 
feet per second, which is in any case compatible with the need 
to minimize head loss. A vertical pump with epoxy coating is 
shown in Figure 14-20. 

14-S. GALVANIZING AND OTHE'R COATINGS 

Galvanizing is the most effective method of protecting fabricated 
structural steelwork against the environment prevailing in a 
pump pit. It is especially effective in humid climates. The 
general method of galvanizing is to dip the structu.ral steel 
assembly into molten zinc. This is known as the hot-dip or 
electrodepositing process and two ounces of coating per square 
foot meets the applicable standard. Repair of galvanizing where 
necessary is done by an on-site zinc metallizing process, or by 
application of zinc oxide-zinc dust paint. 

Galvanizing should be used to protect all trash racks 1 ladders 
and the like. See Figure 14-7. Galvanizing has been used for 
vertical pumps as will be seen in Figure 14-24 and also for 
discharge piping as in Figures 14-22 and 14-23. 
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Coal-tar or bitumastic coatings are mixtures of coke oven by­
products and organics and may be applied hot, or emulsified for 
use at ambient temperatures. This method of coating is favored 
for underground pipelines, the preparation, coating and wrapping 
of pipe joints being a conveniently mechanized operation. These 
coatings are not so readily utilized for items of pump station 
equipment. 

Cement mortar lining is frequently used for steel water pipe, 
the autogenous healing of the lining representing a very 
desirable feature where the line is always full of water. This 
is not the case with a pump station and so the application is 
less suitable. However, a cement mortar jacket on the exterior 
of a buried steel manifold is an ideal usage. See Figures 8-1, 
8-2 and 8-3. 

Pressure sensitive tapes are a combination of flexible polyvinyl 
chloride backing over an inner layer of butyl rubber or similar 
adhesive. These are easily applied by wrapping around pipe or 
fittings and have their place in protecting buried lines such as 
gas or LPG supply lines. 

Polyvinyl chloride jackets are often applied to electrical 
conduits. The metal surface is sandblasted to near-white metal 
and a polyvinyl chloride tie coat is sprayed or brushed 
directly onto the metal or applied over a zinc-rich primer for 
use with acrylic modified high molecular weight polyvinyl 
chloride finish coats. 

14-T. RECOMMENDED APPLICATIONS AND COLOR CODING 

Epoxy coating is recommended for wet-pit vertical pumps, sump 
pump, discharge piping, fans, ducting, LPG tank and piping. Oil 
paint (enamel) is recommended for pump motors, engines and gear 
drives, crane and crane beams, electrical switchgear, metal 
doors and windows and miscellaneous metal. Galvanizing is 
recommended for structural steel in the pump pit, and can be 
used extensively for many items or locations. 

Masonry, if painted, should be sealed with waterproofing and a 
vinyl-acrylic paint used. 

Tape or cement-mortar should be used for buried piping. 

Suitable detail will be found in Appendix D - Specifications, 
although the use of manufacturers' or trade names may be objec­
tionable unless multiple sources are stated. 
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Finally, OSHA requires that any physical hazards in industrial 
plants must be color marked. Some of the examples in stormwater 
pumping stations are: 

Fire extinguishers and/or locations designating 
same ................................. ii • • • • • • • • • • .. .. • • • • • red 

Danger signs .•..•...•••••.•....•...•.. "•. . • . . . . . . . • . red 

Emergency stop buttons on engines or other 
machinery ............. "' .. . . . .. . .. . . . . ... . . . .. . . . . . .. . .. .. ... red 

Inside of movable guards for transmission equip-
ment (drive shafts, gears, etc.) ...•............. orange 

Unguarded edges of platforms, pits and walls •...... yellow 

Handrails, guardrails - top and bottom treads of 
stairways ...•...•.•..••...•......•..•••....•..... yellow 

Lower pulley blocks and cranes ...•..•.............. yellow 

Travelling cranes or areas thereon .•..........•.... yellow 

First aid kits ......•..••....•.........•.•••....... green 

14-U. FIRE PROTECTION 

Many pump stations, such as a small station constructed entirely 
with non-combustible materials and having small electrically­
powered pumps, with means of immediate egress, do not require 
special fire protection equipment, not even a chemical fire­
extinguisher. Any electrical fire would probably occur while the 
station was unattended. While this would be damaging to 
equipment, it would not be hazardous to personnel. 

With larger stations, the pumping equipment is more complex, 
and lubricating oil may be spilled, or wiping rags may be care­
lessly left about. Here, chemical fire extinguishers should 
be provided, and there should be doors at opposite ends of the 
building, equipped with panic bars. 

14-V. INTRUSION ALARMS 

Photo-electric cells which receive invisible beams crossing 
openings have been used for many years and are reliable. It is 
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usual to locate the projectors and receivers so that beams 
cross all wall openings. A mirror is sometimes used to reflect 
a beam along a second wall, and reduce the equipment required. 
An intruder will break the beam and cause an alarm to sound, 
usually at a remote point, utilizing the telemetering system. 

An alternate system is the microwave transceiver capable of 
detecting movement of a man-sized object and giving an alarm. 
Other systems are available. Local inquiries are recommended. 

14-W. GAS DETECTION SYSTEM (FUEL PRESENCE ALARM) 

Many stations, such as the dry-pit station with ventilated 
below-pavement storage box, do not need a gas detection system. 
The wet-pit station with a large closed rectangular pump pit 
does, because there is always a danger of lethal accumulations of 
hydrogen sulphide (H2S) from decaying vegetation or organic 
material in unventilated drain lines in addition to the flammable 
{gasoline) hazard. See Figure 14-32. Information from the 
detector can be made available at a remote point by telemetry, 
as described in Section 14-V. 

14-X. INSTRUMENTATION 

Instrumentation as applied to pump stations is the recording 
of water levels in the sump, the hours during which pumping 
equipment is operated, and rotating speed or power consumption. 
It provides the basic information from which the total quantity 
pumped can be calculated, and the engine or motor operating 
hours can be determined. It is important to some agencies, not 
to others. 

The pump operation is, of course, interrelated with the starting 
and stopping control, so that the pressure switches and air 
risers which may be utilized for this function are for con­
venience grouped with the instrumentation. Figures 14-30 through 
14-32 show details of the components of the instrumentation. 

14-Y. SUPERVISORY CONTROL - TELEMETERING 

Supervisory control in its simplest sense means that authorized 
persons may be able to observe whether the pumping station is 
operating satisfactorily at times of need, and if this is not 
the case, they are able to call for remedial action. 
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TELEPHOfE ~..t:TELEPHorE SERVICE 

(IN OFFICE) L--W'A,.;; ~~L RECORDER 

RECORDING WATTMETER 8 TACHOMETERS NEAR OFFF-LG.::J 
IN OFFICE (FIGURE 14->I). DD ::t~ 

RIGHT ANGLE 
GEAR DRIVE 

r--
1 TO 
I ENGINE 
I 
I 
I 
I 

~ 

:;::.~;; 

I-- TELEPHONE 

FUEL PRESENCE TELEMETERING PANEL 
ALARM W/ 11411 (6 (FIGURES 14-31 AND 12-23). 
VINYL TUBES TO 
DETECTION POINTS 
(FIGURES 14·32 MD 12-23). 

LIQUID LEVEL 
CONTROL 
SWITCHES 
(FIGURES 14-31 
AND 12-23). 

SUMP PIT 

ELECTRICAL 
SWITCHGEAR 
(FIGURE 12-23) 

I LINES !)SPLAY PANEL 

INCOMING POWER 
SERVICE 

I AT CENTRAL LOCATION REMOTE FROM PUMP STATION 

I HORN DISPLAY LIGHTS 8 
I SPEAKERS--.=-=---::~-v DIGITAL WATER LEVEL 
I READ-OUT 
I 
I ~--RECEIVER. DECODER a 
'- - - - - - - ..I-'-..._._..._._""-'-! OUTPUT STORAGE 

FUSES 

DISPLAY 

I. SIGNAL FAILURE 
2. POWER FAILURE 
3. LOW GAS HAZARD 
4. HIGH GAS HAZARD 
5. RECORDING INSTRUMENT FAULT 
6. OPERATOR IN BLDG. (DISARMS 

INTRUSION ALARM) 
7. SUMP PUMP START LEVEL 

PANEL LIGHTS 

8. SUMP PUMP RUNNING 
9. PUMP I (ELECTRIC) RUNNING 
10. PUMP 2 (GAS ENGINE) RUNNING 
II. PUMP 3 (GAS ENGINE) RUNNING 
12. PUMP 4 (GAS ENGINE) RUNNING 
13. HIGH WATER LEVEL 8 INTRUSION 

ALARM. 

FIGURE 14·30. CONTROLS AND 

INSTRUMENTATION LAYOUT 
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LIQUID LEVEL 
CONTROL SWITCH 

'14 TO 2° BELL 
REDUCER EXCEPT 
114" TO 111 FOR 
SUMP PUMP 

31 " 6" LAGS 

4x4 

4 x 4 REDWOOD WITH NOTCH~ES 8 
x 

FOR SNUG FIT AT PIPES 

.. " .. .. " .. " REDWOOD 

3/4"xs•eoLT ·: i.i 

....---i---i-- 211 PVC PIPE EXCEPT 

I" PVC FOR SUMP 
PUMP PLAN 

GALVANIZED STEEL 
PIPE SLEEVE 

1/4" x 4" LONG 
GALVANIZED STEEL 
ROD WELDED TO 
GALVANIZED PIPE-FIT 
ONE TO BOTTOM OF 
EACH PVC PIPE 

PROVIDE PVC PIPE 
SUPPORTS NOT MORE 
THAN 10" APART AND 8 11 

FROM BOTTOM OF THE 
PIPE. IN ADDITION 
SUPPORT SHALL BE 
PROVIDED AT ANY 
COUPLING. 

STAND PIPE FOR 
LIQUID LEVEL SWITCHES 

DUAL CASE (2) 

MOUNTED ON 
OFFICE WALL 

RED WATER 
ALARM 
LIGHT (3) 

RECORDING 
WATTMETER 

WATER ALARM BELL ON 
WALL OUTSIDE OFFICE 

RECORDING 
TACHOMETERS 

0 

0 

WATTMETER DISCONNECT 
SWITCH 

0 

0 

1
11 

C. 8 WIRING TO 
RECORDING INSTRUMENT 
PANEL-----

IL IL 
IL :I! 2 

!:i! ~ it :::> 
!:i! (.) IL 

~ IL a: a: l&J Y! (.) IL I- IL t; IL z 
1&.12 (.)~ 1&.12 0 0 
d ii ~ .J :::> z z 

l&.I l&J IL l&.I l&J 

ELEVATION 

LIQUID LEVEL 
CONTROL SWITCHES 

I '2" C. - 2. N0.12 TO MAIN SWITCHBOARD 
CONTROL PANEL 

DOOR HINGE ON LEFT SIDE 

TELEMETERING PANEL - OMIT RACK MOUNTING 
FRAME {42" H x 30"W x 10" Dl HOFFMAN 
A- 302408LP OR EQUAL WALL MOUNTED. 

0 0 

3/4 • CMT TO 
TELEPHONE 

314 11 
CMT TO 

WATER LEVEL 
RECORDER 

PUMP INDICATOR 
LIGHTS 

I" C. 8 WIRING TO 
MAIN SWITCHBOARD 

3/4" C. 8 WIRING TO 
J-BOXES ALONG WALL 

I /4" PVC TUBING 
BRANCH FROM 
BUBBLER 

FLOOR RECORDING INSTRUMENT PANEL 
AND TELEMETERING PANEL LAYOUT 

FIGURE 14-31 
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HOWLER 

OFFICE 
DOOR 

b 
I ...., 

4" COMB. 
AIR 8 

...,. VACUUM 
I VALVE 

-a> SCRO. TOP 

l/4" BRASS NEEDLE VALVE 
C, D 8 E TO BE WALL MOUNTED 
ON PLYWOOD PANEL 

MEZZ. FLOOR 
LANDING 

FACE OF BEAM 
AND DOWN COLUMN 

ATTATCH TO WALL 
W/STAINLESS STL 
CLIPS W/ NEOPRENE 
INSULATORS 

POP SAFETY 
VALVE 

DOOR 
JAMB--. 

CAULK 

EL. 12.50 

2" ORAIN EXTEND 
TO EL. 0.00 

<( <( 

~ 
N 

• .•. , ; A' 

.: ~-~ ':1;_· 
l/4" PVC TUBING, SCH. 80 

114" GALV. CHAIN 
HARNESS - SNAP 
ONE END 

·:'-:. 
~·, 

EL. -14.14 

@ STANDARD 220 CU. FT. OIL- PUMPED NITROGEN CYLINDER. 

I 
HIGH-PRESSURE REGULATOR, AIRCO STYLE 1124 OR EQUAL. 
CONSTANT FLOW REGULATOR, CONOFLOW MODEL H-21 OR EQUAL. 
BUBBLER SIGHT FEEDER, MIRRIAM MODEL C-1241 OR EQUAL. 
12• CHART, 7- DAY ROTATION, 110 V., 19 ELECTRICALLY OPERATED RECORDER RANGE 
BETWEEN 0-10 a 0- 200 AS SPECIFIED BY CITY, OUST a MOISTURE-PROOF CASE, WALL 
MOUNTED, BRISTOL IG-500-15-EIAX-2131X OR EQUIVALENT BY FISCHER a PORTER OR 
CITY APPROVED EQUAL 

WATER LEVEL RECORDER WITH GAS 

SECURE TO WALLS WITH 
STAINLESS STL.C ·,;;.L.-..IP..;..S ____ ~ 
NIE 2'-0" O.C. -

I /4 " 0 VINYL TUBE 
FUEL PRESENCE TO OFFICE WALL 
ALARM DEVICE 
(RELOCATED IN ACTUAL 

~---C...,ONSTRUCTION, SEE FIGURE 12-23). 

PIPE 

3- 1/4" VINYL TUBES 
OVER ROLL-UP DOOR 
TO ENGINES 

PLAN ELEV. 
- 4- l/4" VINYL TUBES 

FUEL PRESENCE 
FIGURE 14-32 
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The Caltrans sations are fitted with signal lights which indicate 
if the pump station is operating. Highway patrol officers can 
observe the lights when driving by and radio in if the situation 
demands. See Figures 2-7 and 3-2. 

In a more sophisticated, but completely orthodox manner of 
supervisory control, the operating functions of any station may 
be telemetered from the station to a control center. Telemetry 
makes use of leased telephone lines or radio-link connecting 
the station to the center, and as many functions as desired may 
be continuously transmitted. This enables the control center 
to be aware of the status of any station at all times and to 
take appropriate action when required to correct malfunctions 
or other unsatisfactory conditions. In addition to reporting 
pumps running, the system can also show unauthorized intrusion 
and gas presence, high water level and sound alarms as required. 

Figure 14-30 shows in diagrammatic form the relationship between 
electrical supply and data acquisition from tachometer, watt­
meter, gas detector system and other components. This information 
is passed to the telemetry cabinet, encoded and passed over the 
telephone lines to the remote display panel. The unattended 
station is designed to start and stop pumping as required in 
response to water level and report operational status con­
tinuously to the control center. This is in keeping with current 
practice in various industrial and governmental applications and 
is in no way unusual. Although of no application in regard to 
stormwater pumping, it is quite usual for an operator at a 
central location to be able to start or stop pumps, open and 
close valves and perform similar functions at stations far 
distant by the use of telemetry. 

14-Z. SUMMARY 

As a whole, the architectural-structural content accounted for 
about two-thirds of the total work of preparation of plans and 
specifications for the rectangular wet-pit type of station 
illustrated in various figures in this chapter and also in 
Chapter 15 - Station Design Calculations and Layouts. Provision 
has to be made for many items so that the overall co-ordination 
of the design is most important. 

* * * * * * * * * * * * 
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CHAPTER 15. STATION DESIGN CALCULATIONS AND LAYOUTS 

15-A. GENERAL 

Chapter 6. - Wet-Pit Design, sets forth the complex criteria to 
be satisfied when designing a rectangular wet-pit with vertical 
pumps. An example of how this is done is given in this Chapter. 
Reference is also made to Chapter 4. - Collection Systems, and 
Chapter 8. - Pumping and Discharge Systems which also have much 
relevant information. 

Consistent with Chapter 14. - Construction Details, this chapter 
concentrates on the hydraulic design of the rectangular wet-pit 
and its layout to suit equipment and function. It does not cover 
the structural calculations required for a pump station. These 
may be complex also and very much more lengthy than calculations 
for the development of the wet-pit itself. However, any guidance 
that is needed can be readily found elsewhere. Hydraulic and 
structural calculations, together with general layouts for the 
caisson-type wet-pit and for the dry-pit and other types will 
be generally less demanding. Nevertheless, benefit can be drawn 
from the content of this chapter, even if simpler types are 
being designed. 

It is essential that the calculations for a rectangular wet-pit 
be complete and set out in an orderly and logical manner, with 
reasoning, so that they may be readily reviewed and checked. 
The set of calculations which follows is for the station shown 
in Figures 15-1 through 15-5, which has been constructed. It is 
the Westside Pump Station, Long Beach, CA., designed for the 
City of Long Beach to the criteria of the Los Angeles County Flood 
Control District. Determination of the discharge Q, the elevations 
and the basic selection of the equipment had been made by the 
employing agency and preceded these calculations. A tentative 
layout had also been made by the City and was followed in the 
final design. This emphasized the hydraulic correctness of the 
pump pit and avoided the use of interior columns for direct 
support under engines. It will have been noted that columns, 
or other supporting members not subject to flexure are recommended 
elsewhere in the Manual. 

No verification for the determination of Q as 181 cfs is given, 
but this is not necessary for our example. The principles upon 
which the selection of equipment and the determination of eleva­
tions were based are set out in earlier parts of the Manual to 
which reference should be made. The selection of four pumps and 
their sizing follows Section 4. - Collection Systems, Page 4-11. 
It was an agency choice to utilize one electric pump (first-on) 
for 15% of Q and three engine-driven pumps of equal size for the 
remaining 85%. 
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The collection system as originally designed is described in 
Pages 4-16 through 4-18 and Figures 4-8 and 4-9. The pump pit 
area A, shown on Page 4-18 as determined in this Chapter, is 
computed on Page 15-11. Note that design of the pit is a matter 
of developing a trial layout and adjusting the dimensions and 
elevations to suit the criteria requirements. From the pump size 
a bell and umbrella diameter can be determined, and the pump 
spacing is 10 feet to suit the engine drivers. Because the pump 
pit and the superstructure did not need to be the same size, an 
interior backwall and stilling well were developed, adding to the 
sump area and improving the volume available for pump cycling 
considerations. The smaller electric pump was set closer to 
the back wall than the larger pumps because of its smaller bell. 
The dimensions to end walls were developed from space requirements 
and are not strictly to suit minimums for pumps. In determining 
the area of the pump pit, space requirements for equipment must 
first be ~atisfied, and the length in the direction of flow must 
meet the recommendations given in Figure 6-2. As the calculations 
develop, it is usually necessary to step back and adjust some 
previously set dimensions or elevations in the layout until all 
requirements, clearances and functions are properly satisfied. 

During the course of the actual work, the design of the pump 
station and also of the collection system were proceeding con­
currently. The two elements were properly matched, usable storage 
was checked and pump cycling criteria were met. See Pages 4-16 
through 4-18. It was then found that due to existing underground 
construction, the collection system would have to be lowered. 
This greatly increased usable storage, and cycling ceased to be 
a consideration. The invert of the transition structure which 
was to have been steeply sloped was sloped only from -14.10 at the 
inlet to -14.22 at the bottom of the pump pit. It appeared 
inappropriate to lower the design water level and a slight 
pressure head (3.8 feet) on the inlet line was accepted. 

Proceeding with the design, the operating conditions are first 
described. The calculations follow in manuscript form, as an 
edited copy of what was done for the original design work. This 
format enables sketches to be included as needed for illustration. 

15-B. OPERATING CONDITIONS 

The discharge line invert at the exit flap-gate is El. -0.04. 
The soffit of the 54" line is therefore El. + 4.54, which is 
below high tide level. Because of poor seating of the flap gate 
due to marine growth and low seating head available, the discharge 
line will become filled with water to high tide level which is 
+4.74 (highest recorded). 
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BRONZE SOLAR 
GLAZING SET IN 

STOREFRONT. 

.i. DJSCHARGE 
'rMANIFOLO 

LOUVERS 

GRADE 

--:;;::=---SPLIT-FACE CONCRETE BLOCK 
MASONRY· COLOR 'ORCO BLOCK' 
BROWN WITH MATCHING MORTAR. 

MANUAL LOUVERS 

GRADE 

l,_, 1 i ~1-=-T- -f- -Ti r/) 
1--+-~--- ---+-JI 
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FIGURE 15-1 
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PRESTRESSED CONCRETE ROOF UNITS. 

ROOF DRAIN 

3" C.I. DRAIN PIPE 

HEAT GUARD--------ff3tf--­

FLEXIBLE EXHAUST 

SHAFT GUARD-------j~~--­

RIGHT· ANGLE GEAR 

PEDESTAL 

CONCRETE CRADLE 

MANIFOLD 

WATERPROOFING 
MEMBRANE 

FLUSH 
DOOR 

WEIGHT 

HOIST 

MUFFLER 

I f2"; GALVANIZED PIPE 
tONDENSATION DRAIN WITH VALVE. 

A.C. 

BASE COURSE 

:roP. OF WATERPROOFING 
MEMBRANE 

4'·0 

HOISTING ANCHOR 

TRANSVERSE SECTION 

FIGURE 15-2 
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ENGINE EXHAUST. 

FAN OOCT.,----

UJllE OIL TANK. 

EXHAUST FAN.---

BATTERIES.-------

FLUSH R.W. DOORS ----------11->t--L 

HOISTING ANCHOR-----

2'·0 X 9" OPENINGS.-----

----...mnn 

PR.SW. PIPES 
ON BACK WALL Cl" 
STILLING WELL. 

ROOF SCUTTLE, 

---- WIU"ER-LEVEL 
RECOOOER. 

INLET FAN . 

.---.F=F~I;.;:::j..S-----;rf--E~R 

~r--7'----lli~RY 

EL:-14.50 

EL.12.50 

PRESSURE 
SWl"ICHES 

LONGITUDINAL SECTION 

FIGURE 15-3 
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S(N> PIMP wrrH 6" fl 
FLEXILE HOSE LP. ----

8"Q£CK VALVE. 

WALLS 1'-4" THICK 
TYPICAL-----

ENO MANIRl.D 
WITH STEEL Pf'E 
TOR.CP. AOAPT<fl 
/ffJ PROJECTl'IG 
REBAR. 

MANIFOLD 
SJPPORT BEAM. 

I 
I 

EPOXY-l.INEO CEtt'ENT- L--f---~­
COATED STEEL MANFOLO. 

"Tl!" RC.P. 
N.ET 

6'-8 7'-o 10'-o 

38'-o 

10'-o 

PUMP PIT PLAN 

FIGURE 15 .. 4 
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PANIC HARDWARE I 
LINE OF MEZZANINE! 

FAN 

SOUNDPROOFING 

(/'CONCRETE 

BLOCK WALLS 

PRESSURE 

SWITCHES 

PUMP •1 
27 CFS 

MANUAL 

PUMP '*2 
51.3 CFS 

LOCATE FIRE EXT. 
ON PILASTER. 

PUMP# 
51.3 CFS 

CHECKERED 
PLATE COVERS 

51.3 CFS 

OPENING TO 
FAN (OVER) 

i 

32'-o 

----,--- LOUVERED AIR INLET 

ROLL-UP OOOR 

RADIATOR 

FLOOR PLAN 

FIGURE 15-5 
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The invert of the discharge manifold at the station is El. +4.75. 
Therefore it may be assumed that no sea-water can ever reach 
the pump check valves, the lowest invert of which is El. +5.50. 
Air which is displaced by entering sea-water will discharge from 
the top of the manifold into the pump pit through a combination 
air relief and vacuum valve. See Figure 14-32. 

When the tide is backing up in the discharge line, the small 
pump will start normally at El. -7.05 and deliver at minimum TOH 
(maximum Q) into the empty portion of the discharge line, the 
water displacing the entrapped air through the relief valve. As 
the line quickly fills the head will rise slightly, and then when 
the line is filled the pump will go to shut-off head as it 
begins to accelerate the entire column of water in the discharge 
line. Gradually, as the column accelerates to a velocity of 
approximately 1.70 ft./sec. (corresponding to 27 cfs discharge), 
the TOH against which the pump is operating will drop towards 
minimum value. Motor size for the small pump must satisfy 
maximum shut-off head for pumps selected, which approximates 
150 HP. If the required horsepower is exceeded by only a small 
percentage (less than 10%) a 150 HP motor will be satisfactory. 
This is because the customary 1.15 service factor of the motor 
makes allowance which is compatible with the extremely short 
load duration. 

This situation does not affect the engine selection as the 
engines are started at slow speed and idle there for a pre-set 
time before slowly increasing speed. Since the pump head 
varies as the square of the speed ratio and horsepower varies as 
the cube, as the engine increases speed from idle to normal 
operating speed, the pump will be able to accelerate the mass 
of water in the discharge line without overloading the engine 
at any point in the acceleration cycle. The engine is selected 
based on the maximum pump horsepower required under the maximum 
head condition, which is about 180 HP. Allowing some tolerance 
on pump manufacturer's curve data, use 190 HP for required engine 
horsepower at continuous rating. 

It is very unusual in stormwater pump station design to encounter 
operating conditions such as described, which require pumps to fill 
a discharge line and then accelerate the column of water. However, 
the example does point out what is meant by shut-off head and 
the horse-power requirement involved. Another relatively unusual 
matter was that at least four manufactuers of vertical pumps had 
models capable of meeting design conditions with a high percentage 
of efficiency. In many cases the required percentage of 
efficiency may be specified lower so that sufficient competition 
results. 
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15-C. STATION DESIGN CALCULATIONS 
0. (PE.R c.rN Or:' L..DNb ~) = 1e1 c..F-:, "0Ft1a1,.,\AL,. 

. \..' E> FFlT o"". 
MAX DE~lbN WATE.1< S.UR.F~l.E. EL.E.YATION =- -4.05 7~"lNW!i) 
MA)( WA.TE..R ?URF'Al.E.. E.1-E.VATtDN > Cl-IANNE.L 2 ::::: + 4.T4-}~"J 
GR:OUNP SURFAl.E E.LE.VAllDN Al ~TAT ION ... + 12 .SD ~f!A'J... 

INLE.I PIPE.. 7r:i" t::>IAM, ~LOPE. .001 , IN'/ERI = - \4•10 
11<.IBIJIAR.Y ~'Y':iiE-M AND LINE. ~TORA(::,E.. (Fl4Uf<E 4.-S) 
INVE!<T OF Dl~&E. IN c..HANNE • .L : - 0.04 
LE.t-JblH Dr: D~c..HARbE. LINE... I~ + 121~ FE.E.I R.C.R 

~EL.El.TION OF P"VMPb 

3 6A?- E.N61"1E. DRIVEN PUMP!:i WILL IOiAL BS '?"o 
E..L.ELTRIC.,- MOTOR DRIVEN PUMP WILL. 6E.. I 5' ~o 

I S I C.F -:::. = I 0 0 'i' o 

CAPAC.. rry OF EA. E.Nl?INE..- DF<IVE.N PUMP= 51 . 33 C.F!::> 

Op :;. Z~02'B 6PM 

CAPAl.llY OF Et-E4 .. :ir<:IL-DRIVEN Pl)M P -=- Z7. o C..F~ 

Qp ::::.1211e &PM 

EL. 
PUMP NO. I, 27.0 o:::~ E.LEl...TRIL PRIVE.NJ l~T lo ~TAR.I.;, - 7.os 

PUMP N0.2, 51.~~ a:s E.NblNE DRIVE.N, 2ND To ~TART .l - (o.os 
PUMP ~o. :3, 51.33 l.F'-:, ENblNE. DRIVEN, 'RO To ?fA~I - 5.05' 

PL>MP NO. 4, 5'1. ?>?> CF? ENb!NE.. DRIVEN, 4TH TD ?IARJ'; - +. o5" 

60ITDM Of PUMP Prr 

EL.:::. - 14. 22. ' A? DE..IE.RMl~E..D BY 'DR.~tNA.C1E' F"Rot-11 u.JL.ET, 
St.HTS MAIN PUMP S.l.)13ME..RbE..Nl.E.

1 
wrr~ 5/D = l ·04 )" 0 18 . 

MIN. LYC.L-INb TIME- OF E'..LEl.TR:.ll.- DRl\/EN PUMPrGOMPOTcD 
ON PAQE 4-'18 \·S Nol REL..E"At-JT. 

'::>TILLIN6 WE.LL 

PE.t-JE.TRAllDN? IN PUMP Pli E5AC..K. WALL PROVIDE 

~ilL.LINb WE..L.L- Fol<: PRE"EhL>RE.. 7WITL.Ht:~, ALC.e:tb TD 

BOiTOM O~ Pli) AND WE..L.L. PROVIDE..;. .A.PDEJ? ?L>MP AiitE.A.. 
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PUMP PIT . t>Estc::;N 

IRAN~ITION ANbL..t. = 45° 

Ae,~l)PT C.HANbE.~ 

ALLOW 15D FRDM t MAIN PL>~PS TO ~-;,i~EA~ Et-JP OF 
IRAN~ITION. D ';. 4 1-011 MA')(.. (AURPfl..A PuM PS ~DL t'13<a) 
'5 x 4 1·-011 =- 2.0 '-o'' (SEE PP\C4E' G-8) . 
.AC..TL>ALLY PROVIDE.[/ = I 5 1-8 11 ~ PUMP iO 'TIZA";1H ~K. E!A?E.. 

+ 4 1
- 4 11 Tl'A~H l<Al.K 15A~E.10 ~~lilDN 

TOT.AL- :. :ZO' - 0 II O.K.. 

AGC.~~ ~TAIRWAY - ?I.AIRWAY TO -SIA.llc:.-WE.LL. \#'JILL N.OT C~TE.. 

IURBL>L.ENC..E. ,AFFE.C....llN(::, MAJ N PUM ~. i::FF E.C.T OF .A.~!'TU ~E:6 
IN ~WALL I~ t--JOT CON~lt::>E.RED ID HAVE. At.JY ~l<:,tJIFIGAtJ'-E:..; 
A~ RE.DWOOt> DC:of:-:, ~Vt.. e;e.£N PROVIDE..P fO MAK.E... 'NAL.l­

SHOOTH ~ ?MA.LL BoTTO~ OPENtt.Jb'S PRCNIDE. WATER. 

COMM~ ll.A I IDt-.1. 
IS -\O 

) 
1 
i 
1 
1 
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po MP P&T DIMEN~ION~ 

D (BE.LL ¢) -::. 4B
11 Au"o~I\ . ?toLM !>~ } 

1 
~ 

48
,, 

4.2 11 JOHN'7TorJ .?>OL:> '-'....._ 
:,7•t PeERLESS ~6MF 

B (B,A.c:K.WALL C.LEAl<ANl..E-) ::. . 25 r;::> wrn-tot.>T VMBRELLA 

(SEE Flc:tURE G·:,) - COE? NOT &o\/t.RN 

. 10 D WITH UM6~E.LLA :. 4-. B 11 

Ul'll3RE.LI..A </> 72 11 
,-. ~(,,;.+ 4.e ti~ 40.S 11 U!.7E. 41" 

c (BoiToM C.l...EARA.Na) = . SD MINIMUM U?E. 2411 
,, 

y (TRA ?H R.6C.K. TO ~wAU..) ::. 15 ,_ S 11 + ?> ,_ 5 11 
;. I<'.?,_, .. = 2 zg 

~Et: FlbL>RE. 6-2) z~,03f>&PM = zz.5 11 L... lJ?E. z;z., 11 

M (PUMP ~ALINl:;;.)(Ft~URE ~-:-l) 2?,0.3B 6PM : 8fc' 1 

0GP11 ~ L>?E. IZD'' (60VE.RNE.D 13'( ENblNE. C.LE.ARANl.E~) 
~PA<..J Nb TO ~MALL PL>l'-'IP) 12.118 6PM IJ?E S4- II 

(MIN. t:."t M. FFWM F16Ur<:.E.. 6-2:::. <o<o" ~ 84-") 

SLX...."TION VM13RE.LLA 51.?>? /2.,D:: 25.U;l.P ~FT AREA MIN. 
::. 5.ill'P' ¢ ~ lPS.59" U~E 72" (; 

SUBMERbE.NL.E.. (.es e>ELL t/> J WITH UMBRELLA) = 40.s 11 

4e>" 

P l.T CAPA<:.tTY EL -14. 2. Z 

FRONT/eAl.J'. EL - 4. 05 ag. PUMP Plf ~6' WID'fH "' 2~. ~!> )I. Io. I 7 .::. 11~~5 
-·1~ 11 ¢ VE.RI c.~ AREA -:. 5e<..,.5 o' cu.FT 

EL-t4·Jo TRA.N?1110N 1Nu:::r 10 .r7 >< G:>. z5 ... l.PZ. e c / AR£A. 

IRAN~ITION U:NbTH:: (~B--[p.z.5)/2.-=- 15.87,-1 

~3.12. 15 - IO''z. 

~ ~-I ''z. 
!>B(.o.!5 x I~ - 0 I 2. "' '!J"'112. LE.~~ '='Z.·B x ?).12/2. -= C)f 

Ll::SS 6~·8 )( ~·1%-==- 'S 

3i;74 
£ CAPAcr1'( .. 11-:?>3 s +- ?;i SS 74 = i 4C3 09 OJ Fj 

PIT A.REA 3o'· 6 ~ ?Je .. 0 = ''Gt s 
1s!..10

1l'l. "'(;e·o + "'--,)/z..::. :, s \ 
LESS 8Ac~WAa...&.. AND c.o\..uMfl..I':> :. - G + (PAqE' IS-10 

14 5 z '$, r=: 
115-11 I 
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A ::. 4.5 2 )< Tf / 4 ::. 15. 90 c I 

V:: 181/15.90-:. 11.35 Fl /~EC. 

H v 54.. = II . ~e 2- / fsi 4. 4 :. 2 . D I FT. 

30 11 ¢ Dl"?C.HARbE. A ::. ?:>. 0 -z.. )( 1f I 4 = ;. 0 7 0 I 

v -=- 51. ?'?:>I 7 D 7 :: 7 . z ft:, FT I SEC. 

DISC.HA.Re:..E. PIPE. IN\JE.RT IS - 0.04 WITH FLA.PbAIE.. 

De::,l(:,t-J ?TAT!(.. H~AI/ I? Pl FFERENLE. BE:rwE.~N HlbH 

TIDE -t- 4. r4 AND MAX· ALLO\NA-BLE.. (DE.-?lbN) WATER 

5URFALE. IN SUMP OF - 4 .05 

:. DE.-:,,1<=>~ H ~ : 4.74 + 4 .os ::::; e. 79 ' 

M~. ~ATll.. Ht.AD IS. DIFFE.~E.Nl.E.. f3ETWE.E.N HlbH TIDE 

+ 4.74 A~D MIN. WAIE.~ 51.JRfAL.E. IN ?UMP (FOR 

f'l!Alt\J PUt\/IP?) OF -8.05' (SToP ELEV. OF PuMP4t2.) 

.". MA~ · H~ ~ 4 . 74 + 8 .o 5 

FOR s~ ALL PLJMP tt 1 , MA.)( H'? = 4.74 -t 10·2~ = 14- .97 1 

(e,A5ED ON SToP S::.LE\/ OF - 10•2'3 FoR PUMP #'I) 

M IN . ·•:ff A I IL. HEAP CCL Ui<'? W H E,N '?EP.. WA. ·n:R 

l..E.Vt.-L I? BE.LOW I NVE.RT O~ PISC.H.A.RG::>i:; AND' MAi · 

AL.L..OW'-&61..-E- { DE.~1bN) Wt~IF-R ·::.,ORFAG.E.. It\! PUl-'lP Pll 

DJ:'. - 4. OS OCLL.Jr<~ 

: t M IN H~ ';;'. ( - I 0 4 -t-
4 z. 5 

) T 4 . 0 5 ~. {.p ' 'Z t.~/ 

(ASSUrv\E. PISGHAJ<bE.. Rl.)NS HAL~-FUL.l..-) 

IS ·IZ 
!.--------------------·-------------
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LINE ?10~{:,E CAPAC. liY 

DUE. iD IHI!. NE.C..E~S IT'Y OF 
LOWEP!!JN~ LINE. H Al ?IA II t.12 
10 PA~ UN.DE..R z 7 II .CS.E.WE.R 
IM E. CAPAC liY oF IH E.. ~'(~ iE..M 
HAS 8E.E.N 6R~A.Tl-Y lNC..~EA~E.li 

APPRDX I MAllDN'? ARE. MA.DE. 
FOR TOT~L. LE.t-J 6>TH OF LINE..? 
WITH ?OFF=IT f!>E...L.OW - 7.05 
AND -STORA.be. I"::> GAL-WL.ATE.t:' 
AlC.ORDI N'-7 L. y I w 111-1 A .c;t;IAJ..L 

ADDlllDN FOR:. UH6ULA.'7 

LINE. H 7z'1 

--
52.'Z :1

1 
"' 2.8.27 

UNE.. H ~II 

5"18.5' )( 23.75 

LINE. F ~~" 

5'03. 0 )(. Z.f. h4-

L..ltJE.. F 57 11 

505. 0 'J( 17 .7z. 
LINE. (.... . ~'' 

.t 75 'i- (. 0(,, 

LI NE.- J '53'' 

~ eo x 5.94 

ADC> FO~ lJN6ULAC:, 
IOIAL. ~TORA&E... 

: 14-7~ 

:. l'Z ?>I B 

=- IOL3S8 

-- 5~0 

.::: 475 
47~?>e 

± 5000 

:t5 ~Cl>O c..u. Ff. 

15 - ,, 

-51ATlON 

Llt-.iE J" Jo1r.JS L1t.1£ H Al 
S!AitoN ~D A 7s11 

PlPE:" 
£Nl1::.'RS 11-tE Tt<:AN srn ON . 

A COM f'AR \SON 
?H-OOLD 6E' MAPIS 
w lTH cot-JornoN.S . 
SHOWN IN CfiAPTE~ 4, 
FIC4U~ES 4--8 A-Nt> 4-~ 
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-12:zo 

:: 14-·2.Z 

G075 
=-Os')( 21,.. 1 s) - ssooo /. 

1452. = NEqATlVE VALUE. tDoES NOT) 
A:f'PL.i' 

ACTUAL Ah PROVIDED 
::: l'Z. • b.4 - 7. 05'" -z. 41 

6E.l.L liL • W.L. SUISM€~· 

-:::.. '3 .18 I 

i I STOP= -10.-z.~ 

MAIN PUMPS GOVEl"t.N Dt:.P'TH Of PIT 

lt.z STO~ = l::L. - 8.05 - 8·05 £'- s/o = \ ·04 
-:;Uf51"1EJ(6EJ..IC.E. == 3.4Z MIN. 5/P• ·BS 4-· l.G ) PROVIDED 
60TTOM C.LEAR. = z.oo (.s )( 48 11 ~ SELL) 2.·o2 J 
M tNlMUM = -13·41 ACTU~LLY-14:Z2 OK 

BOTTOM PROFILE. 4 PUMP STAGING-
MAX WATER SU~ =- -4.05> STA.~T ~4 SMALL rUMP 

II 5/Ps ·85 STOF· if4 -b.05 JI 
11 ~~ -?.05 ,, #1 SU~M~f<G. . 

4'2. -s.os :::: 2.·41 
I lj) ta 3.1 s :..C.h -10.23 

-l:::r I • ' I/) 

12
114> I UM5. -=:.t:_. Do.I -1 z.(:.4 . 

.z.oz '2.02 
' 

-~~---------·~----·-~- ----

-14-·50 SUMP 

it~ I l ' "Ii PUMP 

10'-o" ~. _ 10'.-o" __ -r'-o'f~ '3'-o" 

-14.Z'Z. 

SU!-t1f' I~ Nill 

OIJ <t PUMPS. 
DR1'JN FLOW 
poe.s NOT. 
/\FP'~C.'T" '391-0" -·------··---- -··-··-- ____ aor. cL.& 

• O.F 2-~. 
Fo~ *.z,t3, •4 

PUMP l.YC.Ll~G TIME AT ?..7 GFS C.APACllY AT= AAh +\/ 
+~•7 15 Qr 

/::,. T : (14 :S '2. J< ?> ·18) + 53000 : 14 2. i'-1111.l. o K F"O ~ 15"0 H.P. 
l~X'2.7 

DUE TO DEGREA.,E.D LINE. FR.ICTION I Q MA'Y SE 6~t:A.TE:~ IHAN 
27 C.fS AND 6. T LESS~ WAS r<.Ec.HE.Cl<ED TO ~UIT PUMP "E.LECTION. 

15-14 

' 

l. 
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t ,, 

A. PUMP GOLUMN 

f::. .011~ 

h.f. -:. f Le ' V' 
D 29 

6. CHE:.GK VALVE.. 

C PL>MP E.t...60W 

STE.EL PIPE. f.::. • 00015 

~ = .0001s/3 ~ .00005 ( z,1o 0 cP) 

GOU)MN LE..NbTH > U!:>E. '30 1 

::. Oii:?-,<. 30 ~(7."Z~)'- - • •01 . """3 to4'. 4 - ...:,..J..X.... 

~<o '1,, @ 7.2to Fl /?EC. 
PE-R APC..0 CUR\/ E.. h -t- ~ • 2 5 t 

%" p) @ 23)035 GPM ht = . 2 "' 

D. MANIFOL..D E.L.BO\N 30° - 4 M rrE.R~ 6 = zz 1
12 ° 

y2. (7. ZfoYZ.. 
. oB 

29 
>< 4 =- .08 ~ G:>4'.'f "!.. 4 = . 2.1.P hf ::. -~ z1p' 

[ v' v:. ] E. MANIFOLD ING!<E-A~ hi- =- .1 z.
9 

- 2_g 

Yz (54 11 ¢@. 1e1 CFS):: (11.~e)2 (INGREA'SINb \J£LDG.11Y) 

V,-z.::. (:?>Co"¢@ 51.3 C.F?); (7.1..f.<,)"L. 
h.f. :. · 12 I 

f. MANIFOLD, PUMP~ 4 TO PL>MP tt ?> ( d = ~C.Ou , O""' o) 

-STR. - IHROUbH IEE. :. ZOD = G:O' E.:: . 00015 ( !;>TE.E.L) 

E/D = . 00005 ~E-YNOLD'::> NUMBER.: 50.0q17 
d~ 

::. 50 . cP >' 2 ?; O 3 B :>' ~ Z . 4 ::. I . e 34 x Io to 
30 ~ I· I 

f' = ·012.. 
z / )L h .:: .f· Le . ..:::!._ =. .olZ ><. (d:> "'! 7-2f..o 

f- D 29 ~.o x <D4. 4 

hf =. w z.01 

TtlE ~VE T"'\R-oU(f~ K. oN PA'fE 15-17 A~E. SOMMED 

AS . TolAL hf (HEAC> L.o~S DUE lo F"fiC.lc.1"'10N.) SEE 

f\(il>~-E B-+ FoR PIA.c;~AM A.to.JO T"Ae'>UL.A T"~Ot4" 

tt;-IS. 
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FRllTION L~E.~ (C:..ONT'P) 

G. MAN I F'OLD ) PL>MP if ~ 1"0 PL>M p t$ 2. ( d ::. 4e> 11
) 

D::: 4 

'ti:. 2 II< 51.~?> 
4.o 2 x. i-r/ + 

10 1 +- ?ire -TH~l)bH T&.e. S zop ::: 9o' .:, 8-11 FT/SEL 

E../D::. .0001:; I+ ::s. ooooi75 

1<'£YNOL~ ~l)Mf,E.R. = 50.(o x. (2."'22058)2'cPZ·4 
4B 1'. I · I 

~ = z.755JI. 10 

f: · Oii h 
.01 I 'I'- 90 "- {B.17) 2. 

.t : -= • 2&, 4.0 ')(. (04.4 h-t ::. . zw.' 

f$. .ti- ( ,..1 _ ... 5' A..") u = ?> ~ .51 ' ~~ H. MANIFOLD 1 PUMP 2 TO Pl.>MP I C...I ..,... 4.51 )( 11/+ 
:. 9 . <PB FTiS£C. io• t .:,rR-IH~LX::tH 1'e..r:.. @ zoD ,.. 1001 1: 

f./D =-- .00015/ 4.5' ::: . ooooz, 

RE.YNDLD!> NI.JM 13E:.R =- so.w ~ (?> " Z.?>O~S) x (e2..f :. 3.t.&>74 y. 10"' 
54 ~ 1.1 

f :,0105' h;:. .0105 ><100,c (~./QS)"Z 
4.5 ')(.. f.o4.4 

) 

AC:llJti...L... LE:t-.JblH DOWN~Ti<:.EA.M OF MP..NIF'Ot,.,p :: 12.I?> Ff 

CJoO eEJJt> 4 - ME--1.E.IZ-.. :: z.o D -::::. ~o 

4-5°f3END? + @ SD = 'o 
£. EGUIVALEtJI L6J£:,TH ~ I~~?> FT 

~ ( C.Ot-JC..1?..E.TE.,) = . OD I 

Re.: 50.(e lt el,22?? ~ (,2..f :: 4.31€> >c.lo"" 
54""1·1 

f = .014z h.y :. .014z. )( 1?>"' "{11.-?>e.)z. =- s.s+' 
4. 5 i-- fo4 .4-

e;,'( Rc.Y~OLD'~ NUM ~E,f('. .> h.t- :. a. 64' 

IS- l~ 
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I 

' f 
I 

_FRICTION LOS~E? (Cot-.rTD) J Dl'SCHA.~GE LINE. {CONil?}_ 

IN LIEU OF TME ~NOL.DS .NUMSER.J!l-tE MANNIN6-. ~ORMULA ""11'1 
BE. USE.D FOJ:Z. DISCl+M<#E LINES E.XCEEDING- joo FT., Oi' 
MAl'JIFoLPEP INTO A. ~IN(iLE LINE (sE.e. PA41! S·7) 

ht ::. Lf Qb J2. - 13o/3[ IBI ')(,013 ]
1 

. L1·4S'-AR2/i - 1.48" x IS.,o 'l(('if)o/! 
h f = 11. BI 1 ':> B, 8 4 USE' II · e I 1 

K.. fLA.j=t GATE. ex 1 T Loss h.; -::_~_o4 1 

T. D.1-1. ::: Hs (9.c,! \S·\'Z) + H.f SUMMA. ilON + Hv (A\q&: IC:.·12.) 

DE.SIGN ;; S.7'::' -t (.lo -r .zs + .2., -r .2b +. IZ + .'2.o 
-4.os- I 8 ) + :Z.i:, + .!>4 + I. I -r .04 + 'Z.ol 

=- g .1, + I ~. '7 -+- .z. o I q = '2. 3 o 3 8 
.... 24.47 1 USE 24. s' _ PJ::Sle:rN 

srar iF4 '::::: 10. 1' +""-I~, b 1 + .c::.-z.01 = <. '2. t:..41
1 u s-E Z'-. s' M1~;1'. 

-6,0S 

ALL PUMP5 feUNNING 
~HIGH TIDE) Q = 'Z.l"Oo c::;.!='M @ 'Zb.5

1 E Q ~TN -c:: 16'- C:::..FS 
Ai-1'"~1'. 

~l~L STATIC ='1. 2'- + ( 13.67 )I SO%) + 8.74-i :=. 14.47 
(oi.JE MA.IN P'Ut..iir ~ 
ofJLY !<Ut-.!NING) Q:: 1.S'300 6PM : f,3,0 U$E 14.o1 MIN. 

(UNLll<EL'( :: K.1 d o/3 sYz 

CONDI -r!ON) b !>::. K'" ~ 4.S')~J )(. .CJOlo ~ i'_i -:: • l~I 
,013-

KUJ6S 6-A-liLE i-14) Dkj = .44 +(#x.01):..447 

DE.PIH Of WA TE'.-f' IN Pl sc.HA~E. LINE. 
= ,447 )( 4,5 = '2.01 f'f. 01<. 
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TDl:L (C.ONiD) 

MA?S-.:_2fATl~- :::; l'Z.75 + " 13 .. 6 7 + .t::. 2..0I :::: c::.zs.47' 
-8,.o'S USE. '2.8,5' 1 IC G.HEc.K t-1.P. 

ALL PUMPS RLINNIMC:r 
~ ~l~H TIDE. C( -= 1'800 

(UNLll'ELY C.ONPITION) MA x 1-1.P ~ 170 @ 85% E-FFlc.IE.N Cy 

SMALL ___ p_~ .. H":!Ei._!l__ D~Sl6N q -= 27 c..FS ::: 12117 G P'H 

MA'X. STAJIC 
STOP -lo·zs 

&-1 ONLY, 

r. D. 14. 
@ ~ IOP i4 - 6-0S : ~~.§_

1

lfl~~,· 

U16-H TIDE) (UNLIKELY C.Ol-JDITION) 
MIN. ~EAD :: b.'2.(:. -+- b.84 + I.IS ':: 14,'2.S 

4. o MIN. 

DESl6tJ 
- 4. l>S' c.oNOITION AS foR MAIN PUHP 

USE '24. ~'-=.J?J~·~_L<;iN_ 

AT 14.o' MIN. CHE'-K Q ANP AT (PE~LESs; 30 1--1 F) 
Q -: IS5oo 6PM -::: S4. 5" CFS 

AT = 4517 :L2000 -::. 'I I J'(!_l~. OK.> IS MINUTES 
Fl~.2.1'2 15.:><. 34~S 

PUMP COLUMN Sl,3 c::::fs /'3, 11 cp 
'Z 7, 0 CF~ I 24 11 4> 

l':>-\8 

V' :::.. 7,2/ FT/SEc:. . .c:..10.0 o.K. 

v = 8, >' F-T / se.c. .::::.10.a "·t. 

' l 
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MAIN PUMPS - 'SELE.CTloN Pl:.SIG-N 2'?0'38 6PM ti> t.4.S' 1
TDH 

TDH AA.N~ 14.0
1 Ml~I. iO 1(....S

1
MAX. 

'30 LM S90 ~PM 

' . 

AUr::ot<A YEf..ILINE 

DE.Slc-N Z'?>038 @ .Z4. S 
MIN. 1..S Boo @ 14.0 
IVIAX. 2.'ZSOO @ 'Z'.S 

Sl-tUi - OF'F "11. 8 FT 

DE.SIGN 'Z '3038 @ "Z.4. S 
MIN. '26ZOo @ 14.0 
l"!AK "l.'2.Z.00 @ Zb. S 

S'l-IUI- ofF 7o fi. 

gs% lb7. G:. H.f, 
73% 1z~.9 H. r. 
'2>5' .. S-% l7b.O H.P. 

"Z 8 " 1-i. P. 

02.S'Yo 17.z.1 H.P 
10 'Yo 11.1.., 1 l·L P. 
84'r~ 175".7 H.r 
"Z'I l·LP. 

30 MF >Bo it PM 

SPEC.If)': 

PESl6N 

MIN. 

MA~. 

'2 "30 ~8 @ '2. 5'. 0 

Z6S'OO @ 14,0 
'Z.12()0 @ 'Z,,5 
s~ur -OFF 5"6 FT. 

21ole '2 z4,s 
2.6400 fii 14,0 
19800 (! -Z.'7,S' 

Sl-IU r - Orf G.cJ f T 

82.'% 

"' o/. Slo/o 
3oz 

ISO ~.r. 

l3b H, P. 
17' H.P. 
H.P. 

s'·" % 1s-,,o H.r. 
8o.o % I ZS'. S" H-.P. 
8'-. s-r. 15:r. I H.P. 
-ui rt r. 

--·--EFF AT DESl~tJ MP• 8'Z, %Mtt4. SHUT-OFF 64 Fi. MA-X.. 

~ { 
11 

" MIN Ho : "'91o Ml~ t.80 1-t. I'!' MAX. 
'' " MAX. liP e 8 e /o M lN 

* ~PEc.u:'{tNG Mar.JI "'i\J""1 EFFIC.te:NC.JE5 AT OTJ..IER THAN 
DISSl'it-4 MEAD MA"f te>E' Ur-JOUI-'{ "ESiR.IGTf\/E A"-lO 
t-e, NOT "ECDMNIENt:>C:D. 

\Ii.- l9 
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MAIN PUMPS - t:>A iA. 

HAKEP. A~ 

HOPE;L ?,OLM 

Rf' M 5~ 

DISCHA~E 3b" 
E.LlS'oW LE.NGTH 

(F'l.ANG.Et>) 14 11 

BELL ·ct> 48 11 

IS~LL APE.A IZ..S7 

5ELL VE.L 4.08 
SUEMER<iE~c 

(w/ BELL..) ISSD:74.4 
(. 2.4 
B .7SD-:. 3L. 

Yi 2~~ 

M SS 

llMB~El.LA ~ 
(2. FPS MA><) 7 '2." 

v~ l.'~I F3 
SU BM Ef(c.,E.1-J.C 

(w/UHBR'A) .8SD::40.8 

B ,4D 40.8 

. U t-4~~1~~__?JZE. ; 
(LA~GE PUMP'S) 

II 

Sc.ADE. 

so LS 5ot--1F 3bMF 
5BS sso SSS' 
g' II '3'1. '' 3''' 

$011 '?. tc. ij 
42.11 4'11 57

11 

. '7. b2 7.47 
s.~4 b.S7 

l.8D : 1'>.f:.11 
I .eD-= 7Z.11 -

-ZI 
,7 S"D-= 31.S .;so •20 ,75D: Z.7. 75 II 

"Z. 35 'Z.~S' '2.~S 

88 SB es 

1z 11 7z
11 72" 

'·"' l,.";'l l -511 

35.7 '34- ~l.S" 

4o.a 4o.s 

(st-4ALL PUMP~) A~'EA l<EQ
1

D. '27/2•0 :::. 13. SC> s.~. FT. 

D R~' D. 13.s; : 4. 14 "Ill 4~. 7'Su 
.78S4t U.>~ 4S" 

1'5 - 20 

•. 

.. 

, 

' I 
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... SMAU- PLJME - ?E.LE.£:..l"u::>N PE:616N 12117 GPM@ 24.~'TD._. 

(LAYNE. 4 BO'NLER) 
'fDH ie:AN~ 14.0 MIN TO "U:>.51MA)C. 

AUg,ogA \le.ISflUNE, 2.0LM 8eD RP't'I 

Dl?616N 1 Z.l l'i ct! z,.4.5 0$' 0/o 66.2.. HP 
MltJ 1'3&00 e 14.o 7Z 0/o 6''1.I HP 
MA)( I 1400 @ U,.5 85.5% 89.Z HP 

~11L>T ... OFF ;c,, F"T" t!57 HP 

,)OHN?fON 2..oM~ ei~ RPM 

DE.Slot-.! 12117 ~ 2+.5 81 ,,0 ~z.5 MP 
f 

Ml~ 1 ?J700 (,! 14-0 (J:Co/o ex)./ I-IP' ~ 

MA)( 1 lloOO @. U,..~ sz. "'/. 9+.(o HP 

5HLJf-OFF 77Fl 1+'5 t.+P 

GA."::JCJ>.. C> e... :Z.4 MF 590 RPM 

DE.~lbN IZ7A-0 ~ 24,5 04.50/o 94-.4 HP 
MIN llP?>OO ~ I .cf.. 0 7fo.O'Yo 1,.0 ~y 
MA.}( 111eo c!. 2"1·5 7 e,. f> ~., ~G::>.o HP 

~~l.Jf- OF'F 77FI 14'f>HP 

PE.El'LE.~ -ec> MF i o '5 i<:.P"M 

P E..i&l l::>N 12.117 @ Z4.5 66.of. 65' HP 
Ml~ 155CO <i 1+.o ez..o"I. &5 HP 
MA.X 11800 @. Zfo.S 87.0°/. 65 HP 

SML>T - 01=-F t44.5 HP ~ 57.5 

:S Pee.IF::( 

EFF AT OES\Gt-J HO• 60 "'/. MIN. 
~ {. lt " MH.J.HO. 60'/. MIN 

SEE " II f'liA)(. MPs 7~7Q l"llN 
PAGE 
1'5-19 ~L>i ... OFF WO Fi' M.A.)'. 150 MP Mb-)( 

p;-21 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



SMAL.L. PUMP DATA 

MP. j(..E.IC:. AxRofl.A 
L.'4- e.:> 

MODEL ZD L"'1 

R.P"'1 eeo 
Dt~HA.'RbE 24" 

f.lft'W W't?TH 
2-4-" 

(FLANhEP) 

BE.LL. I 34 jl 

BE.LL Ji...12.EA ,.~o 

BE.LL VEL. 4.Z..'3 

s l)f,Mfm,N(..f.. 
1.t.cD ::+.53 

(.W/eEU-) 

c 17 11 

B ZS'.5 
11 

v. 110 

M (.o5 

UMe>RE.LLA ¢ 
4611 

( Z. FP~ Na-'I) 

v P:> -z, 15 

SL>f>M E-RbEJJl.E.. 
"2 • .+1 1 

fW/U'416R'A)·ist> 

B .(pf; ~o" 
i 

JoHN~IO~ CA":::lGA. PE. 

Z.oM~ 24 t--1F 

eeo 5~0 

z+· '24'' 

ZZ." 2.4-" 

2.B ''z.. ,, .40" 

4,4;, ?·SB 

(p.O~ 4-·Bf 

1.<!D: 4.z.e I.COD::. 4·f>O 

14 11 I(,., II 

21.5 II 2-4 I\ 

170 170 

~5 <Po 

46" 45'' 

2.15 2.15 

-z..02.' 2 .. "27 1 

~o'' 30'' 

IS- 2 2. 

PEE.IU.E~~ 

Z>OMF 

70'5 

Z4'' 

30• 

3 \ .,2-.. 

5·41 

4--" 
l·BD-::. 4·7':> 

I b II 

Z?> !5/t> II 

170 

i.o5 

4B .. 

z..1s 

z.z~' 

'?JO" 

.. 

t 

' 

T 

f 
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~ 
I~ 

PLJMP IHW?I 

PL>M P IHR~T:. HYllRAUUC '11-H:: .. V?I +- WI. o,:: SHAF11Nb 4 
\Mf>£LLER . 

.JOl-INSiDN ''"" IHP:.!Y.:il F'AL. it:>~ '1- z..11.5 I TDl-1 

+ 15.e1 •/Fr x. zs' 
+ 550 tt: PUMP 6HAF°flNC, 4°- lMF'EU..e'F.. 

::: 514 I + '?J ~ 7 + 5 5D 

~ b086 ~ THgL>?I 

AL>R.Ol<:A VE.RI! LINE. ( L 4. B) 

ZDlo 11-fRL.)';,f fAG.fDR. it z.t,.5 +" (15.07 "2..5) ... '550 

=- 54-59 + ?>97 +- 55D 

-: iP4-Dle> Ii IHRL>Sf 

= (p?(A) • -ru iz.u~r 
SL.>MP PUMP ~E.UL."flDN 

SUMP 't Dl<:AI N LI NE.. \JOLU~E.. 13ELON PUMP .t:t I DFf 
t '"' :z.z. - 10. za = ~ .~) 

= I 4Z.05>< ~. 9<; ~ 5 ~/p'a C.0 Fl 
LJ?E. tJN6l>LA VALVE. PE-R FlQ = t: 5009 

t. ~AN I FOL.D 
00Tf OM OF '5UMP 

H& ._ Hv 
lt>H : 

800l o <::>e. = IDb<oS cuff 
1.0 

j(o.50 

,4...51> 
20. Oe> MA)( 

PUMP-OUT tlME 
80010/000 = C33 MIN OK. 

~ 6PM e 2.7.D IDH 

e ,/ 4" I Mf"'E.Ll..E,f<. 

15 HP MOfOK:. 

11?:»5 f(PM 

IF VOLUME.. UNDE.F.. ~ELL GDVE:R~? 

PUMP-OL>T llME.::::. 135 >< 1·50/Z>·'' -::.. 54-.e> MIN APPRo)<. 
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E'N&INE S:E.LECTIOH.. 
USING A '-:I RIGHI ANGLE G-E.AP.. D~l'VE. ~ATIO 

6IYES AN E.NGINE. SPE:ED aF S'"'O x2-= !160 f:.P.M. 
WI fH 700 IZPl'1 PUMP LI SE S": 3 ~ATlo = 11b.7 ~.r. M. 
ALLOWl~6 5% LOSS Tl-l~OUGH GEA~ AND Dfi'JVELINE 
REQUIRED DISPLAC.t::MENT -=: ltF x 7'12000 

BMEF' )( ~PM 

l'O ')( I.OS >< 792000 
75 ')( I H3o 

1?85· .. 1 ..... _ 
~N61NE:S AVAILABLE. TO Ml:.~T THIS l<EG<Ul~NE.NT A~E. 

WAUl<E.SHA tv10Dt-L 1~05 &R.U ( 1'?05 W INS) AND 

GATE.fi::.PILLAR t--..'10DEL 6' - '3 l'?J NA. 

WAUl<E.SHA MODEL w/ H.C. !<A.TIO H~S A MA.'1-.. 

H.P. AATING OF '2..'' H.F. <i?J 1180 KP.tv!. 
LOAD FA.C.:ToR = 190 x l. 05' 

29.:;; = to 7 

CATE~PILLAR. l'v10DE:..L G-37<=J NA w/ H.C. RATIO HAS A 

MA)<.. 14.P. r<ATIN6- OF '300H.r. @ !ISO l<r:'M. 

LOAD FACTOR = I ~o ')(. I .DS" 
--·-- -= b 7 o/o 

'300 

SHUT-Off H.F.' fDr<. MAIN fUtvlP~-::: z-,5 H-,P. APPROX. 
THE..P..E:.FO~E EN&lNE.'S, CANNOI jS'E. OVE.RLOADEP AT 
1180 f{.P,M. SPEED. 

LIMITS UNDE~ WHICH E.NGINl::.S COULD &e SAl=EL 'f 
OPEfe.ATEI' AT src:EDS IN EXCESS OF 1100 f\.P.M. WAS, 

NOT INVE.<5.TIGAIE.P AS PA.RT Of PINAL.. DE.SIG-N. 

DRIVE SHA.FT SEL~CTION 

DE.LIVt:.R zoo H.r. @ !180 f'..P.lv1. BEAr::.I t-JG RATED 
B-10 LIFE .. S~~YICE Ff\CTO~ CJF 2. Of 'ZOOCJO H ~5. 

' 
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; 
I 
I 

~16H r ANGL..E.. 6-f;Aff.. PRIYe. SE.LEc !ION 
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General view of wet- pit station showing 
many features, including mez zanine office 

Figure 15-6 

1 5-26 

View from off ice 
showing engines. 
Light-angle gears 
and overhead crane 
as construction 
neared completion. 

Figure 15-7 
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15-D. LIST OF EQUIPMENT 

This Section summarizes the requirements for a rectangular wet­
pi t pump station which includes all of the applicable design 
features and a complete selection of equipment as described 
in preceding chapters. Figures 15-1 through 15-7 display the 
layout of selected equipment, and show how it is arranged with 
proper consideration for safety and convenience of personnel 
involved in operation and maintenance. The figures also show 
these factors and how they are integrated with architectural and 
structural requirements. The following check list is representa­
tive of one station only. Certain of the items are discretionary 
and all of the items will not be necessary at many stations. 
The designer must be selective in choosing from the options avail­
able. For instance, the pressure switch type of control, 
though reliable, is not necessarily endorsed in preference to 
types described elsewhere in the Manual. 

Trash Rack 
Hoisting Anchors 
Walkways and Grating 
Stairways and Ladders 
Redwood Doors 
Submersible Sump Pump 
Pressure Switch Risers 
Vertical Pumps 
Air-Release Valves 
Check Valves 
Dresser Couplings 
Discharge Manifold 
Maintenance Platforms 
Access and Clean-out Hatches 
Plumbing 

15-E. DESIGN CO-ORDINATION 

Gas and LPG Supply 
Engines and Control Panels 
Exhaust System 
Drive Shafts 
Right-Angle Gear Drives 
Electric Motor 
Electrical Switchgear 
Power and Lighting 
Fans and Ducting 
Pump Pressure Switches 
Gas Detector 
Tachometers and Wattmeters 
Water-level Recorder 
Telemetering 
Bridge Crane 

The basic pump pit dimensions were first determined from consider­
ations of hydraulics and equipment selection. The floor plan 
was then developed to match. The required floor area was greater 
than that of the pump pit in this case. It was both longer and 
wider, which led to the false backwall. This in turn provided 
for the stairwell, stilling-well, and maintenance platform at the 
check valves. 

For convenience and personal comfort, office and toilet facilities 
are provided. The office with sound-proofing is located at 
mezzanine level to both save space and provide operator overview 
of the station interior. 
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Minimum clearances, walkway and stairway widths, toe plates, 
handrail heights, ladders and safety cages were checked for com­
pliance with OSHA regulations. Electrical safety was carefully 
observed. 

The effective design of a pump station represents the successful 
integration of a vast number of factors, but it is believed that 
few have been neglected or not mentioned in this Manual, and the 
intent has been throughout to present adequate guide material 
which can either be used without change or may be adapted to 
suit particular circumstances. 

* * * * * * * * * * * * 
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CHAPTER 16. RETROFITTING EXISTING STATIONS 

16-A. GENERAL 

Many agencies may have existing pump stations where operation is 
undependable or troublesome, or where excessive maintenance is 
required. Due to poor siting some stations may be vulnerable to 
flooding. This is illustrated by Figures 3-1, 3-2 and 3-4 in 
Chapter 3. - Site Considerations, with explanatory text. In this 
chapter various causes of unsatisfactory operation are briefly 
discussed. Some examples of modifications and retrofitting are 
given, as used or proposed to remedy deficiencies of various types. 
Apart from hydraulic or machinery problems, environmental or 
security conditions may not be satisfactory. In the latter cases, 
reconstruction of the pump station enclosure may be necessary for 
aesthetics, sound abatement, or to prevent vandalism. 

16-B. POOR STATION LOCATION OR INLET CONDITIONS 

In the following example, the same station was flooded twice over 
a period of twelve years, in a California location where the number 
of times of station operation each year is extremely low. Refer 
to the cover illustration and to Figure 16-1. Built to State of 
California standards then prevailing, the station serves to drain a 
local arterial street where depressed below an Interstate highway. 
At that time vertical pumps were used in combination with the 
below-pavement storage-box. Figures 2-1 and 2-2 show current 
practice, where horizontal centrifugal pumps are now used in 
preference to vertical pumps. 

The station discharges into a channel at the top of the embankment 
and this channel also receives other tributary flows. The first 
flooding occurred shortly after the station was built, but was not 
due to malfunction of the station equipment. The discharge channel 
became blocked and during a heavy storm an overflow occurred, 
filling the depressed section to a level almost to the top of the 
station structure. 

The second malfunction occurred due to erosion of the embankment 
face. By the end of a dry season a heavy growth of weeds had 
accumulated and this was cleared, leaving a bare face. With winter 
storms a build-up of mud and silt occurred in the storage box 
and wet-pit as illustrated in Figure 16-1. The pumps did not 
receive a proper fluid mixture with the result that bearings, 
impellers and bowls were damaged, the pumps ceased running and 
flooding occurred. A retro-fit was recommended to pipe city water 
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ROAD PAVEMENT 

DRAIN INLET 

SLOPE -
':JI: : ·'"· .• 

TWIN BARREL STORAGE BOX 

~· IL -, "" 

SEDIMENT BUILD- UP DUE 
TO EROSION OF CUT SLOPES. 

DISCHARGE BOX 
DISCHARGE TO CHANNEL 

FLAPGATE ON EACH 
DISCHARGE LINE ----

CUT SLOPE 

DISCHARGE LINES (2). 

PUMPS (2). 

FIGURE 16-1. WET PIT STATION WITH STORAGE BOX 
A SUPPLY OF CITY WATER IS PROPOSED TO FLUIDIZE THE SEDIMENT PRIOR TO PUMP START. 
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to the station and so flush mud from the vicinity of the pumps. 
Reference may be made to Figure 14-26 showing an agitator spray 
ring for small submersible pumps, with time-delay pump starting 
feature, allowing sufficient time for flushing action of piped 
water before pump start. 

16-C. HYDRAULIC DEFICIENCIES 

Considering vertical pumps, one of the principal causes of 
unsatisfactory operation is an improperly designed wet-pit. Proper 
criteria are set forth in Chapter 6. - Wet Pit Design, but many 
existing stations were designed prior to the present state of 
knowledge, or recommendations were not followed. 

Where there are vertical pumps irt a common pit, there must be 
adequate submergence, adequate spacing and proper flow of water 
towards the pumps. Although there should be streamlined flow at 
limited velocity, many stations have layouts which result in 
excessive velocity, turbulence and vortexing, which cause 
cavitation and reduced output. In many stations vertical pumps 
are too closely spaced, or have either excessive or insufficient 
clearances from concrete structures. 

Cases exist where several pumps in a rectangular pit receive flow 
in line with their common centerline, instead of at right angles 
to it. When these pumps are running, they interfere with each 
other, reducing individual outputs substantially. An example of 
such a condition is illustrated in Figure 16-2, and its correction 
by construction of an inlet transition is shown. Another problem 
which results in turbulence and vortexing in the flow to the 
pumps is an improper trash rack design as illustrated in 
Figure 16-3. Flow is required to pass under a solid board 
obstruction, then over an obstructing wall. Large objects such 
as pieces of lumber or even automobile tires have been known to 
pass under such trash racks. A metal bar screen is much more 
effective, giving positive protection and less obstruction to flow. 
A modification from trash rack to bar screen is shown in 
Figure 16-4. Other possible corrections are also shown. These 
are removal of obstructions and addition of false backwalls and 
sidewalls to provide recommended clearances from pumps. The latter 
can sometimes be constructed out of heavy redwood planking at less 
cost than for concrete construction. As remedial measures, 
baffles or splitters are sometimes installed between pumps on a 
trial-and-error basis. Results may or may not be effective. The 
best way to approach problems of this nature is to have a scale 
model pump pit constructed at a hydraulic laboratory. By using 
one-quarter scale or similar and simulating conditions, the 
necessary modifications to produce good operation can be determined. 
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COMBINATION 
MOTOR AND 
ENGINE DRIVE. 

SUBMERSIBLE SlMP PUMP 
IN SUMP PUMP PIT. 

N = 
80'-5" 

AND VORTEXING 

PLAN - BEFORE RECONSTRUCTION 

ACCESS HATCH 
FOR PERSONNEL 

CLEAN -OUT HATCH 
FOR TRASH 
REMOVAL 
WITH JIB 
CRANE. 

UTILIZED FOR 

r;::;i /---, 
l::::'..l I \ 

l ' \ I -.... / 

POSSIBLE 
FUTURE 
PUMP 

STREAM­
LINING 

78" 0 

AT BASE 

LcHAMBER 

GAS-TIGHT BULKHEAD 
II.r 'TOP OF EACH 
STAIRWAY. 

UTILIZED FOR WATER 
STORAGE CAPACITY 
ONLY------, 

EXISTING 78" QI 
INLET PLUGGED 

STREAMLINED COLUMNS (3) 

NEW INLET (DIVERSION FROM EXISTING LINE 
APPROX 150 FT. UPSTREAM l 

PLAN - AFTER. RECONSTRUCTION 

FIGURE 16 ... 2. PUMP STATION RECONSTRUCTION 
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GAS-TIGHT 
FLOOR CLOSURE 

NEW 
BACKWALL---f..,j.j,_ 

TRASHRACK 2 x 12 PLANKING 
34 11 CLEARANCE BETWEEN PLANKS 

1~-MINOR FLOW 
THROUGH TRASHRACK 

MAJOR Fl.DN UNDER 
TRASHRACK CAUSING 
TURBULENCE AND 
VORTEX ING 

SECTION- TRASH RACK 
GATE VALVE. DISCHARGE TO 
SUMP PUMP PIT BELOW. 

EXISTING FOUNDATION PILES 

SECTION - BEFORE RECONSTRUCTION 

EW 
PEDESTALS 

ACCESS HATCH FOR PERSONEL 

CLEAN-OUT HATCH 

NEW TRANSITION STRUCTURE 

NEW INLET 

55 NEW PILES 

L..k..i-f-~"--'-~-"-+r--<-f,...--.L•-....._--=OPENINGS CUT IN 
EXISTING WALL BETWEEN PILASTERS 

~ECl]ON::-_A£T~B __ B_ECON~TRUCTION 

FIGURE 16-3. PUMP STATION RECONSTRUCTION 
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EXISTING FLOW : 

PATTERN --~ 

ORIGINAL CONDITION 

ADDED IF 

NECESSARY. 

BOTTOM CLEARANCE TO 
BE CORRECTED IF PRACTICABLE. 

REMOVE WALL 

IMPROVED STREAMLINE 
FLOW PATTERN -

AS MODIFIED 

J OF MONORAIL WITH HOIST r USED FOR TRASH 
REMOVAL. 

OF MONORAIL 

EXISTING WOOD 
STYLE TRASH 

RACK. 

FOREBAY 

NEW BAR SCREEN 

(GALVANIZED 

STEEL) 

FORE BAY 

'>;;¥-,I---- CONCRETE 

FILL 

FIGURE 16-4. BAR SCREEN AND OTHER IMPROVEMENTS 
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One such laboratory operated by the Federal Government is located 
at the U.S. Army Corps of Engineers, Waterways Experiment Station 
at Vicksburg, Ms. 

In the case of horizontal pumps, poor end-suction conditions can 
cause pre-rotation and improper performance, but no specific 
example of a deficiency and its correction can be offered. 

16-D. REPLACEMENT OF PUMPS 

There are cases on record where vertical pumps have been replaced, 
or where volute or anglef low pumps have been used in a wet-well/dry­
well configuration and after years of service have been replaced 
by a different type of pump. A retrofit of the latter type is 
shown in Figure 16-5. Note that the wet-well was remodelled and 
two submersible pumps were installed in it. The dry-well was 
partially filled with sand and a new floor was constructed to 
support a modified discharge manifold. Ventilation and heating 
were added together with a small sump pump. The actual installa­
tion is on the Bronx Parkway, New York. 

16-E. GAS-TIGHT SEALING, AND OSHA REQUIREMENTS 

Reference was made to the merit of the storage-box in isolating 
the pump station from the collection system. Reference was also 
made in Chapter 6. - Wet-Pit Design, to the necessity for isolating 
the pump room from the pump pit by gas-tight gasketted floor 
plates or bulkhead doors. This sometimes, therefore, becomes a 
specific retrofit item. Details of suitable floor plates and 
frames are shown in Figure 14-9. Ladders and safety-cages are 
also illustrated. It is known that in order to comply with 
OSHA regulations, the State of California found it necessary to 
do certain retro-fitting of pump stations for safety purposes. 
Possibly other states have had or will have similar programs. 

16-F. COST COMPARISON OF ALTERNATE METHODS 

The present-day cost of retro-fitting a pump station may far 
exceed the original cost of construction. Therefore, agencies 
faced with the necessity of doing such work may be disposed to 
carefully examine alternates. Figures 16-2 and 16-3 are reproduced 
from actual plans. A deep cofferdam excavation was required to 
forty feet depth alongside a tidal river with attendant dewatering 
expense. 52 concrete piles were required to provide support 
for the transition structure equivalent to the support of the 
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CROSS-HATCHING SHOWS 
REMOVAL OF EXISTING EQUIPMENT. 

CROSS-HATCHING 
SHOWS REMOVAL 
OF EXISTING 
EQUIPMENT-=::::::::--..::_:_:u 

ELEVATION SECTION 

BEFORE RECONSTRUCTION 

1211 X 12" MOTOR 
DUCT 

ACCESS HATCH 

-+--+---SUBMERSIBLE 
PUMPS (2) 

ELEVATION 

AFTER RECONSTRUCTION 

DISCHARGE 
PIPING 

NEW SUMP PUMP 

SUMP DISCHARGE PIPING 

SECTION 

FIGURE 16-5. PUMP STATION RECONSTRUCTION 
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... 

i 

. 
), 

24", GALVANIZED PIPE 
0.167" WALL INTO 
EXISTING 36"!1 R.C.P. 
DISCHARGE. --

SECTION 

L---- DUPLEX PANEL TO 

@ 

START TWO PUMPS. 

~NEW 24' A.C. PIPE 
INSIDE EXISTING 36" 

LARGE SUBMERSIBLE PUMPS AND COMBINED DISCHARGE 

FIGURE 16-6. STATION CROSS-SECTION 
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FIGURE 16 -7. 
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EXISTING DIESEL 

NEW 12" CONCRETE 
BACK WALL 

EL.-22.85 

PUMP PEDESTAL 

FLYGT CP 3500 SUBMERSIBLE 
PUMPS 20"/ 134 HP I 1504 RPM •. 
16,1500 Gfl.M AT 24' TOH. 

... 

::::::.--t-tt----NEW 6" CONCRETE 
BULKHEAD WITH 
GAS TIGHT DOOR. 

--- TRANSITION STRUCTURE 

EXISTING WALL 

LARGE SUBMERSIBLE PUMPS IN CX>MBINATION WITH ONE VERTICAL PUMP 

FIGURE 16-8. LONGITUDINAL SECTION 

Arch
iva

l 

May
 no

 lo
ng

er 
ref

lec
t c

urr
en

t o
r a

cc
ep

ted
 

reg
ula

tio
n, 

po
lic

y, 
gu

ida
nc

e o
r p

rac
tic

e.



existing structure. False back walls and side walls and a new 
bar screen were to be installed; Stair bulkheads and gasketted 
floor plates were to provide for safety of personnel; Pedestals 
were to be installed between pumps and motors for greater ease of 
maintenance and shaft adjustment. Due to shortage of funding the 
back walls, side walls, stair bulkheads, floor plates and pump 
pedestals were deleted from the plans and bids were taken in 
April 1981 for the reduced scope as described. Low bid was 
$565,720. The station design Q is 222 cfs at 24 ft TDH and this 
has not been achievable due to the hydraulic deficiencies 
existing. To assure 222 cfs discharge the agency will spend 
$2,548 per cfs. 

Because of the evident high cost of reconstruction an alternate 
design was proposed using the up-to-date technology of large 
submersible pumps. The work was to be done entirely within the 
existing structure and bid at $484,574 for a saving of $81,146. 
Two existing vertical pumps, both recently reconditioned would be 
salvaged for use elsewhere. Since the December 1980 installed cost 
of two similar pumps was $130,000 the salvage credit would be 
substantial, and additive to the $81,146. The gas-tight feature 
was retained. 

The entire work is illustrated in Figures 16-6 through 16-8. 
Special provisions were made to ensure proper flow to the one 
vertical pump with combination engine and electric motor drive, 
which the agency desired to retain. A stair-step arrangement of 
the submersible pumps was used and the entire design was highly 
endorsed by the pump manufacturer, Flygt Corporation. Pertinent 
det~ils are shown on the figures. Regardless of the potential 
savings, the agency proceeded with the work as shown in Figures 16-2 
and 16-3. 

* * * * * * * * * * * 

•u.s. GOVERNMENT PRJJfTI.NG OFFICE; 1982-0-)86-8.'.}l/85 
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