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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 numbér ‘6f
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-déesigned
and equipped. However, malfunctions do occur, in some cases

due to unsuitable design. Retrofitting should(be considered in
these cases.

This Manual provides guidelines,~chiteria—wand specifications
intended to improve understanding of a Subject which is made more
complex by the mulitiple choices usualllyvapparent’ for each element
of design. Some choices will\be found,more ,suitable and effective
than others. Each of the Warious 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\fér highway facilities are usually of
relatively small discharge ecapacity (less than 100 cubic feet per
second). This is predominmantly due t0 small size catchments
tributary to each station. Stations of greater capacity (300 cubic
feet per second or more) are sSometimes required, and occasionally,
even a larger stations 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 addiffon-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 enging-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 generatoxr
(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 indiwidual
pumps. With the latter system, each pump may be driven by'éither
its electric motor or its engine.

Another alternative is to drive the pumps by natural gas-engin€s
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 eombina-
tion is used, most stations have dual or emergé&ncy power sources

to ensure reliability. If a single®source is( to“be used, very high
reliability is provided by engine-dwiven punpsswith either piped
gas or on-site LPG storage only.

All stations are designed to operate autematically,. Rising water
in the storage or wet-well causes engines or motors to start and
drive the pumps without anyr personnelwbeing @dnvolved. As the
water level is lowered, pumps will-also stop‘automatically.

Stormwater pumping stations are( frequentily 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-wellvcontaining the stormwater. The wet-
pit is the more common.

Different types of sgtations axe, described in general terms in
Chapter 2. - Review“of Curpent’' Practice, so that the designer will
be able to identify the alternatives. The actual selection of a
type of statiom\and equipment which appears to be best suited to
any given situmation isycevered in more detail in Chapter 5. -
Selection of \Type of(Station and Equipment. Later chapters cover
pumps, motérs, 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 “Wighway 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 dny~pit
type with emphasis on storage upstream, which mini-
mizes mechanical and electrical requirements., Com-
plete dependence is placed on eléegtrical power, but
mobile emergency generators are strategically located
so that they can be mpved to, @ny station/where a
power outage occurs.

(c) Texas (Houston):, A wetspit' caisgen~type station is
used because of s0il conditionsw N\ The structure
houses twoavertical pumps only/ with combination
electric orynaturall gas engine*drive. Station capac-
ities have been.standardizedsin increments of
4,000 gpm, whileé ‘the dual ‘power source protects
against electrical power _outage caused by thunder-
storms.

(d) Arizona J(Pheoenix): jA/rectangular or circular wet-pit
structuxré.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 typesy 'because they are easier to insulate and heat.
Thie\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

designg from use in an