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1. Purpose. This manual provides information and criteria pertinent to the design and layout of civil works
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Chapter 1 j.  'NFPA 10
Introduction Standard for Portable Fire Extinguishers
k. NFPA 37
1-1. Purpose and Scope Stationary Combustion Engines and Gas
Turbines

This manual provides guidance for the design and layout

. ; ; l.  NFPA 101
of civil works pumping stations used for removal of )
interior drainage from areas protected by local flood Life Safety Code

protection works and for water supply. The discussion
presented in this manual is general in nature. The devel-1-4. Plates

opment of detailed design criteria is presented in other ) ) )
manuals referenced herein. This manual is for the guid-Plates 1 through 12 in Appendix A show different types

ance of Corps of Engineers personnel engaged in the?f PUMping stations constructed by the Corps of Engi-
design of flood protection projects. neers. A short description of each pumping station is also

provided.

1-2. Applicability 15 G |
-5. Genera

This manual applies to all HQUSACE elements, major - ] .
subordinate commands, districts, laboratories, and field @ Dependability Pumping stations are one of the

operating activities having civil works responsibilities. more vulnerable features of a flood protection project.
The failure of a pumping station during a flood could
1-3. References result in considerable damage within the protected area.
This would cause the loss of some or all of the benefits
a. CFR, Section 208-10, Title 33 that justified construction of the project. Consequently,
station dependability must be the primary consideration,
b. ER 1110-2-109 during the design and pump selection process.

Hydroelectric Design Center ) ) )
b. Economics While the cost of the pumping sta-

c. ER 1110-2-401 tion is generally but a small percentage of the cost of the
Operation, Maintenance, Repair, Replacement entire project, this does not mean that the designer is to
and Rehabilitaton Manual For Projects and proceed without any consideration of cost. Because of the

Separable Elements Managed by Project Sponsorsi”freq“e”t operation of the majority of local flood protec-
tion pumping stations, efficiency can be sacrificed to a

d. ER 1165-2-131 certain extent in favor of equipment with a lower first
Local Cooperation Agreements for New Start cost. Hovyever, higher pump efficigncies can actually
Construction Projects lower the installed horsepower requirements and reduce

operating costs for large stations that have frequent usage.

e. EM 385-1-1 The extra costs to provide higher efficiency equipment

should be studied on a life cycle cost basis over the proj-
ect life. This economic study should consider both first
f  EM 1110-2-1413 cost and the cost of operation, maintenance, and replace-
ment of equipment over the project life.

Safety and Health Requirements Manual

Hydrologic Analysis of Interior Areas

g. EM 1110-2-1913 c. Refinements The equipment selected must be
rugged, reliable, and well suited for the required type of
service. The pumping station structure should be sized to
h. EM 1110-2-3104 house and support the equipment. Refinements which
make no realistic contribution to usability or dependability

Design and Construction of Levees

Structural and Architectural Design of Pumping
Stations

i EM 1110-2-3105 'Available from National Fire Protection Association,
Mechanical and Electrical Design of Pumping Stations P-O- Box 9146, Quincy, MA 02269.
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should be strictly avoided. Architectural appearance will accordance with ER 1165-2-131. Engineers responsible
not be a governing criterion except in highly developed for the preliminary design and layout of the pumping
areas where concessions in regard to exterior treatmentacility should coordinate any special design features that
may be made as discussed in EM 1110-2-3104. may affect the local sponsor's costs with the project
manager.

d. Large stations In the design of some stations an
unusual combination of conditions may be encountered b. Maintenance and operationA project’'s Opera-
which will require special treatment. This will frequently tion and maintenance manual will outline the responsibil-
be the case for exceptionally large stations. However, theities of the project sponsor for the operation, maintenance,
fundamental principles, criteria, and policies provided repair, replacement, and rehabilitaion (OMRR&R) of all
herein are applicable to all stations. Stations having aproject features. Instructions for the preparation of opera-
capacity of 30 cu m/sec (1,060 cu ft/sec) or larger will be tion and maintenance manuals are provided in ER 1110-2-
engineered by the Hydroelectric Design Center (HDC) in 401. Development of the pumping station feature of the
accordance with ER 1110-2-109. manual is contained in EM 1110-2-3105.

1-6. Local Cooperation

a. General Project cooperation agreements (PCAS)
are prepared by the project management office in

1-2
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Chapter 2 g. Aesthetics.

Environmental Requirements _ o
h. Waste fuel oil and lubricating oil and greases.

2.1. General 2-3. Environmental Objectives

The planning, design, construction, and operation of A pymping stat.ion can and should have negligi.ble advgrse
pumping stations should be accomplished with full con- €nvironmental impacts. Through proper planning, design,
sideration for the project's environmental requirements, construction, and operation, many of the adverse impacts
Many of these requirements are dictated by Federal orliSted above can be avoided or minimized. Remaining
state statutes, by local sponsor's desires, or by USACEIMpacts should be mitigated .and environmental enhance-
policy. In any case, studies of pumping station featuresMent addressed. The following steps should be taken to
should be undertaken to identify potential impacts and to Petter ensure satisfactory compliance with the environ-
define environmental objectives and constraints. mental objectives of pumping station projects:

a. lIdentify all environmental objectives and con-
straints, including statutory and policy require-
ments and sponsor’s desires.

2-2. Environmental Impacts

Pumping stations affect the hydrology and water quality
of both the receiving and supplying water bodies. The ] ) ] )
changed hydrologic and water quality conditions often b. Identify all potentla'l gnV|ronmenta| impacts, both
affect other environmental parameters. The following list adverse and beneficial.

contains some of the potential adverse environmental

impacts of a pumping station feature: c. Incorporate design, construction, or operation

features that avoid or minimize adverse impacts.
a. Reduced dissolved oxygen. ) ) . .
d. Quantify unavoidable adverse impacts and incor-

b. Increased temperature. porate appropriate mitigative features.

e. Incorporate environmental enhancement features
as required to address the sponsor's desires
(sponsor funded).

c. Increased turbidity and suspended solids.
d. Lost habitat (riparian and aquatic).
e. Change in hydrology and hydraulics.

f.  Noise generated by prime mover (diesel versus
electric).

2-1
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Chapter 3 short, infrequent periods of operation of the pumping
Electric Power Supply station and to the ability of local governments to direct

power distribution under emergency conditions. Owner’s
operation records of the supply lines to which connections
are contemplated are important aids in determining the
extent and nature of construction necessary for reliable

a. Studies When the power requirements for the supply.. Factors affecting the reliability of the supply
pumping station have been tentatively established, theconnection between the power source and the pumping

adequacy of the intended source of electric power and any>tation are:
limitations of that source must be ascertained before pro-
ceeding with station design. The design investigations
should disclose:

3-1. General

(1) Length, location, and type of construction of the
connection.

(2) Location of the point of connection to a different
source.

(1) Maximum available power.

(2) Capacities and location of existing transmission
lines, distribution lines, and substations which may be
involved in the supply of power to the pumping station.

(3) Appropriate switching equipment between the
connection and supply circuits.

d. Power rates In view of the type of operation
and the public service these stations render to the com-
(4) The power company’s maximum permissible munity, it has been the practice to request the public

motor in-rush current limitations and short circuit Utility supplying power to give special rate considerations.
characteristics. These considerations include the waiver of some or all

demand and standby charges, and the charging for only

b. Adequacy. The responsibility for the supply of the actual energy u_sed. Power. rates should be ne_gotiated
electric energy required for the operation of the pumping ©" the basis of turning over mamte_nance and repair to .the
stations after completion of the project rests with the local POWer company for all the power lines and the substation
sponsor. Any extension of existing power transmission "€cessary to operate the pumping station. —Hydrology
facilities required to make this energy available at the Studies are a good tool to estimate the amount of pumping
pumping station site is a construction feature and the'€duired, power usage, and resulting rate structure. Local
responsibility of the Government. In many instances, it interests should be asked to participate in the power sup-

will be necessary for the Government to participate in the PIY Studies.

preliminary negotiations with the utility supplying power

in order to ensure that the completed project will have, at3-2- Power Supply

minimum rates, an adequate power supply of the proper _ _

characteristics. Where feasible, the contract should be @ Construction required. All facilities and con-
made between the local interests and the utility supplier.Struction necessary to supply the electric power required
However, there will be many cases where it will be more 10 Operate the pumping stations will be provided as part
advantageous for the Government to enter into a contracf the flood protection project. The cost of these facilities
which provides for both the extension of power facilities Will be included in the project costs. The construction
and supply of electric service. In those cases the Governf€quired may vary from the simple overhead service drop
ment should enter into such a contract with the under-2at utilization voltage to extensive installations involving
standing by all parties that the costs of energy will be transmission_lines, switching, a_nd transforme_r equipment.
assumed by the local interest upon completion of the The power line should be available at the time that the

project, in accordance with OMRR&R responsibilities. construction contractor needs temporary power to con-
struct the pumping station. Power costs and temporary

c. Reliability. Power source reliability will be substation costs incurred during construction should be

indicated by the number, size, type, and location of gener-bome by the pumping station contractor. The substation
ating facilities, and of interconnections with other sys- should be located and constructed so that access is avail-

tems. In this respect, consideration should be given to the2Ple to the electric utility for maintenance and repair.

(3) Voltage regulation characteristics.
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b. Power for lighting and auxiliary services. A c. Emergency power supply facilitiesin general,
continuous electric supply for lighting, heating devices, flood protection pumping stations should be considered
and miscellaneous control or protective devices is emergency facilities. Equipment and power supply should
required. The power supply for these auxiliary services be selected primarily on the basis of reliability under
may be separate from the main power supply to eliminateemergency conditions. Additional emergency or standby
the necessity to have continuous energizing of main transpower supply facilities should not be provided unless the
formers and switchgear. power supply is considered unreliable.
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Chapter 4 presented. Vehicle access to stations at all flood eleva-
Station Design tions should be carefully considered in station location,

and minimum but adequate provision should be made to
permit safe operation of service vehicles bringing in
equipment during construction and operation and

4-1. Station Capacity int
maintenance.

Pumping station capacity requirements are normally deter- , ) .

mined by the hydraulics engineer in accordance with c. Operating floor elevation. The operating floor
EM 1110-2-1413. This manual provides the basis for elevatlon should reduce .the po§S|b|I|ty of dz_amage, gau;ed
establishing pumping requirements for the maximum andPY floeding, to the pumping equipment. This elevation is
minimum river stages, and the maximum water Stagesdepe_ndent upon the hydrauhcs and hydrolog_y crlter!a, the
permissible in the protected area. The latter will be 'ocation, and the physical layout of the pumping station.

referred to the station location and will establish the ) o ]
maximum allowable water surface elevation in the station (1) When the pumping station is located on the line
sump. The hydraulic data provides the basic information ©f Protection, the elevation of the operating floor will
needed for the selection of equipment and, in turn, thedePend on whether the pumping station is subject to the
layout of the station. In those special instances where arfliScharge pool elevations, or is protected by a flood wall

increase in pumping capacity can be definitely expected a®f & discharge chamber. When the pumping station is
some future date, consideration should be given to a staSUPiect to the discharge pool elevations, the operating

tion design which facilitates the installation of increased floor should be no lower than the top of the levee. When
capacity in a manner that will give the greatest overall th® PUMping station is protected by a flood wall or a dis-
economy. Alternate studies of pumping stations satisfyingCharge chamber, the operating floor elevation should be
the required pumping capacity should be made for all Iocgted at Iea_st 0.3 m (1 ft) above the interior level of
pumping station projects. As a minimum, the studies d€sign protection.

should include station location, station site layout, all
equipment, sizing of pumps, type of operation, and oper-
ating and maintenance costs and first costs.

(2) When the pumping station is not located on the
line of protection, the elevation of the operating floor
should be at least 0.3 m (1 ft) above the interior level of
4-2. Station Location design protection.

(3) For high, nonpumping water levels, one method
to reduce the operating floor elevation is to floodproof the
facility. Floodproofing would be achieved by providing
watertight doors or bulkheads at all openings. If flood-
proofing is being considered, the cost and practicality to
floodproof the facility should be carefully studied.

a. General. Experience has shown that a pumping
station should be located or sited in such a manner to
produce the most direct inflow possible. Any location
that produces asymmetrical flow into the pump bays
causes problems with circulation, uneven velocity distribu-
tion, vortices, and generally poor pump performance.
This is true for inflow confined within an inlet channel, ]
sewer, or a large ponding area. Additional engineering4-3- Station Type
studies and/or physical modeling may be required when . i i
circumstances exist that prevent recommended station & Floodwater pumping stations. These stations
siting. Gravity flow structures, when provided, can be Should be of the wet-pit (sump) type employing vertical

located in an offset position without additional cost and mixed-flow or axia!-flow pumps in practically all cases.
still perform adequately. These pumping units may also be of the submersible type

(Plate 1). Floodwater pumping stations usually pump

b. Line of protection. The location of stations with ~ directly from open storage ponds, ditches, or stormwater
respect to the line of protection should be selected forS€Wers. When practical, provision should be made for
safe operation. Construction of the station integral with agzxclusmn of water from the pump sump and fgr maintain-
concrete floodwall will, in general, minimize the hazard "9 the sump in a dry condition during inoperative
of discharge line failure. On projects with an earth levee P€riods. A typical station for pumping water from an

or where right-of-way restrictions exist, the station may €Xtensive open ponding area is shown in Plates 2 and 3.

be located at the landside toe of the levee. More hazard-ThiS station is located at the edge of the ponding area,
ous locations (riverside of protective works) may be con- 2djacent to the gravity drainage structure discharging

sidered if a definite operational or economic advantage isthrough the levee. The station’s inlet sump is at an
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elevation considerably lower than the gravity flow stream when designing the sump ventilation system and electrical
requiring the sump to be pumped dry when the station isfeatures located in the sump. When wastes are combined
not in use. A large pumping station that pumps from an with stormwater, the need for a smaller pump to handle
open sump is shown in Plates 4 and 5. A typical storm-dry weather flows and runoff from light rains should be
water pumping station that pumps from a stormwater provided. This baseflow pump should be a submersible,
sewer is shown in Plates 6 and 7. Occasionally stationsnonclog pump. The baseflow pump is located in the main
will be located over streams or drainage canals and insump and equipped so that it can be raised for cleaning or
such instances pumps must be protected from damage byepair, reducing the need for personnel to enter the sump.
runoff during inoperative periods. Since the liquids For stations on sewers having a relatively short time of
pumped by stormwater pumping stations are generally notconcentration, it is necessary to place the stormwater
of a particularly corrosive nature, a wider latitude in pumps in operation within a short time after the start of
selection of materials is permitted. rainfall. If large sluice gates are used to close the open-
ing between forebay and the main sump, power operation
b. Combination flow pumping stationsStations in  of the gates will be required. Diluted domestic and indus-
which flows consist of some combination of stormwater trial wastes will be present in the main sump. Protection
and domestic and industrial wastes are characterized bygainst corrosive fumes and vapors is a greater problem
having to pump runoff containing undiluted waste. The than in stations handling only stormwater. All sump
possibility of fumes and vapors should be consideredopenings in the superstructure should be sealed airtight.
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Chapter 5 standby capacity should be provided. Stations located in
Equipment Selection agricultural or tidal areas where pumping availability is

80 percent of the year, or the interval between operations
is insufficient to allow proper maintenance of equipment,
standby capacity equal to the largest pumping unit should

5-1. Number and Size of Pumps )
be provided.

a. General considerations A detailed discussion of

the selection of pumps, prime movers, electrical equip- (3) FO: star;uons pumping 'sanltar'y a?d wdustrlgl
ment, and other miscellaneous auxiliaries is given in sewage only, where one pump is required for the design

EM 1110-2-3105. The design should obtain the desiredcapaCity' a duplicate pump should be provided.. Where
operations at the lowest possible cost. The cost used td"°"® than one pump is needed to meet the required capa-

determine the pumping station design should be based oﬁ;ity’ standpy capacity equal to the largest pumping unit
an annualized cost which should consider both first Cost,ShOUId be installed.

operating and maintenance cost, and cost of equipment

replacement over the life of the project. Generally, the d', Sump size.The size of the sump may affect the
lowest cost is obtained with a minimum number of selection of sizes and number of pumps with regard to the

pumps. However, a minimum of two pumps is recom- minimum desirable ope_rating cycle. For a given sump
mended. Baseflow for combined-flow stations should S'#€: t_h? number aqd size of pumps shou!d be such that
have sufficient capacity for peak domestic and industrial the minimum operating cycle would be & min for submer-

flows, seepage, and runoff due to light rains. sible pumps, 20 min for wet-pit pumps with motor size up
to and including 75 kW (100 hp), and 30 min between

starts for pumps over 75 kW (100 hp). Pumping units
Qover 375 kW (500 hp) should be started according to data
&lrnished by the motor manufacturer. Where bypasses or
variable discharge pumps are to be used, the size of the
sump has little effect on the size or number of pumps.

b. Economic study. The number and resulting size
of stormwater pumps must be determined by an economi
study. This study should consider the consequences an
related costs due to flooding if one pump malfunctions
during a flood event. The greater the number of pumps,
the smaller the reduction of the total station capacity if
one pump malfunctions. This increased protection, how-
ever, results in higher equipment, facility, and operation
and maintenance costs. The need to reduce the impact i
one pump malfunctions will most likely be appropriate in

e. Programming. Consideration of all pertinent
factors may indicate that pumps of various capacities
should be provided, at some installations, so that suitable
operation would be obtained with minimum sump size.

urban areas where a pump failure could cause significant O Such installations, the m?Ximl;m incrﬁment in purrk1_p-
property damage and raise ponding more rapidly to life- "9 ratgslmay be made equal to the smah.est “r?'t’ mfa Lng
threatening depths. The extra costs cannot normally bt Possible to pump at a rate approaching that of the

justified in areas where there are adequate flood warningd"flow. Programming should not be done when the num-
or no life threat. Any decision to add more pumps or ber of pumps becomes unduly great, or the controls so

more capacity to reduce pumping time and/or ponding complicated, resulting in excessive costs and decreased
stage in the event one pump malfunctions must be We”reliabili'[y. Experience has indicated that variable speed

justified and the justification well documented. An econ- Motors for oneh or two of the pumps may be more
omist will normally perform the economic study, closely advantageous than programming various size pumps. A

coordinated with the hydraulics and pumping station notg of caution a}bout the use of variable speed' drives:
design engineers associated with the project. \{arlable speed drlyes complicate pump selec'qon, increase

first costs and maintenance costs, require a higher level of
c. Standby capacity. technical ability for maintenance, and decrease reliability.
(1) If seepage flows are more than 30 percent of the f. L|m|t.at|ons. of. in-rush demand on transmlsspn
total required capacity of the pumping station, the number SYSteM. An |nve§t|gat|on shou_ld k?e me_lde to determlng
and capacity of the pumps shall be such that awhether the maximum pump size is limited by the maxi-

100 percent standby pumping capacity is available with mum in-rush ‘?'ema”d for pump starting that can be- tc?'ef'
failure of any installed pump. ated by existing power facilities. Where the existing

power facilities place a limitation on starting demand
kVA, pumps having relatively flat input horsepower

(2) For stations pumping stormwater only or com- 9 )
demand characteristics and adjustable blade pumps or

bined flows of stormwater and sanitary sewage, no
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variable speed pumps should be considered. Enginestations must provide protection against simultaneous
driven pumps should also be studied to determine if thesestarting of all pumping units following a power interrup-

are required due to weak power supply conditions. If tion. Automatic controls are more susceptible to deterio-
pumping stations are primarily used during periods of ration due to long periods of disuse and will require more
hurricane conditions, it may be required for the pumps to frequent inspection and maintenance to keep them in
be engine driven and for the station auxiliaries to be sup-working order. Personnel with the skill and knowledge

plied with backup power by engine-driven generators. required for maintenance of automatic control equipment
should always be available. Automatic controls must be
5-2. Pump Control compared with the justified alternate manual controls.

Automatic controls must have a manual control backup.
a. General. The decision as to the type of control to

specify for a flood control pumping station should be b. Automatic operation. CFR 208-10 requires that
based on providing maximum reliability consistent with “competent operators shall be on duty at pumping plants
economic design. In the majority of cases, controls pro- whenever it appears that necessity for pump operation is
viding for manual start and automatic stop will be the imminent.” This statement basically eliminates all auto-
most economical. From the standpoint of reliability, such matic and remote pump operation. However, considering
controls are preferred. The disadvantages of automaticdhe reliable automatic features available and the type of
controls include increased complexity due to the addi- operation required at some facilities, it is recognized that
tional control equipment, greater cost, and reduction inthis requirement is not always practicable or justified.
reliability. However, some installations may find the use Any Corps office considering the use of automatic or
of automatic start and stop controls to be an advantageremote features should request and fully justify a devia-
such as where limited sump capacity and inflow condi- tion to the stated requirement. This request for deviation
tions would make manual starting impracticable due to should be submitted to higher authority early in the design
short operating cycles, or where economy is obtained byphase of the project.
using pumps of different sizes operating in a predeter-
mined sequence. The control circuits of automatic
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Chapter 6 in the sump is determined by the hydraulic and protection
Sump Design requirements of the protected area and economic con-

siderations. This minimum sump elevation affects the
station design and pumping equipment characteristics.

6-1. General b. Minimum sump areaMinimum horizontal sump
) . area will be that required to permit adequate spacing of
Rectangular We’[.plt and the formed suction intake (FS!) pumps and intake systems to provide adequate space for
are the two basic sump types most commonly used iNj,giajiation of discharge and suction lines and associated
civil works pumping stations. equipment and flows to the pumps. Sump area based on
. these requirements normally will be adequate unless it is
a. Rectangular wet pit In the past, the rectangular ¢, nq desirable to increase the horizontal area of the
wet-pit sump with the conventional pump bell-mouth inlet sump either to provide more sump storage volume to

was the most common type used. Experience has shownypain acceptable minimum pump operating cycles, or to
however, that the sump’s hydraulic performance is very g aviate surges caused by pump shutdown in the sump
sensitive to inflow conditions, sump design, and pump 5 connecting sewers.

operation. Appendix B, Chart B-2, of EM 1110-2-3105

provides sump design guidance. c. Determination of sump dimension§.he dimen-

) . sions and general layout of the sump must fulfill a num-
b.. FSI. The FSI was developed in the early 1990's o of requirements. Primarily, the selected design must
by the WES Hydraulics Laboratory. ~The FSI has ,.,ije adequate horizontal and vertical clearance and

demonstrated the ability'to improvg the poor hydraulic adequate approach conditions for the pumps to be used.
sump performance sometimes experienced with the rectanyy, o rant layout and dimensional requirements for satis-

gular wet-pit sump. Detailed design guidance for the FSI factory pump performance are as follows:
is provided in Appendix | of EM 1110-2-3105. A pump

station equipped with an FSI is shown in Plates 8 and 9. (1) Horizontal clearances for rectangular wet-pit

) ) o sumps are generally satisfied if the distance between
6-2. Size and Capacity Determination centerlines of adjacent pumps is equal to the sum of the
suction bell diameters (plus the thickness of the divider
. ) } : wall), and if the centerline of each pump is a least one
in the sump of stations pumping from sewers will be gcfion pell diameter away from the nearest sump side
fixed by project damage elevation, by the hydraulic grad- 4| and three-fourths of a suction bell diameter from the
ient between the protected area and the pumping stationrear wall. The use of suction umbrellas does not change
and by the condition of the particular sewer. For stations y,o ahove clearances. In general, the diameter of a pro-
pumping from ponding areas, the maximum water surfacepg|ier pump’s suction bell (no umbrella) is around 1.5 to
elevation of the sump will be fixed by the maximum 1 g times the nozzle inlet diameter. (Appendix B,

permissible ponding elevation. For sewers subject t0chart B-2 of EM 1110-2-3105 may be used for these
structural damage from fluctuating water pressure, such a%limension,s.)

old brick sewers in questionable condition, and sewers
which are inadequate to pass the design storm runoff, the

maximum sump operating level should be restricted to theyination of submergence and vertical clearance require-

elevation of the crown of the sewer at the point of nenis are cavitation limits and the means to preclude the

entrance to the sump. For a well-designed and well-formation of sustained vortices. Chart B-2, referenced
constructed sewer, the maximum sump operating levelabove, should be followed for these dimensions.
may fall above the crown of the sewer, subject to con-

sideration of the level of the hydraulic gradient with (3) Cavitation can be reasonably predicted from the
respect to “no damage” level along the sewer. The comnytational procedure in Appendix B of EM 1110-2-
station-operating floor elevation should be no lower than 3105 This procedure computes the required submergence
1 ft above the maximum water surface .eIevatlon in t.he based on test results of pumps at Corps pumping stations.
sump. The sump shall be kept dry either by gravity o syhmergence allowance is used to obtain greater sub-
drainage or by sump pump(s). If the period of gravity mergence for pumping stations with long periods of

drainage occurs less than 50 percent of the nonpumpinq)peration_ The impeller should always be completely
period, then sump pumps should be provided to dewatersubmerged at the start of pumping.

the station’s sump. The minimum water surface elevation

a. Sump levels. Maximum water surface elevation

(2) The principal factors involved in the deter-
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(4) Vortex formation can be minimized by controlling stops of the pump. Storage required above the stop eleva-
the flow conditions into the sump and to the pump. Sta- tion to ensure a minimum interval as indicated above
tion layout dimensions and ratios provided in Appendix B between successive starts of a given pump is usually not
of EM 1110-2-3105 along with straight inflow to the possible. Since the maximum sump operating level is
station intake should eliminate or reduce the intensity of usually fixed by the project damage elevation or other
vortexes. If the station cannot be laid out to these dimen-considerations, any required increase in sump capacity can
sions and straight inflow does not occur, then either abe accomplished only by lowering the sump floor. A gain
sump model test should be considered or the FSI incor-in sump capacity by lowering the sump floor is usually
porated into the design. The FSI has demonstrated thettended by increased pumping power requirements. An

ability to nearly eliminate vortexing at the pump. increase in sump area will probably cause adverse flow to
pumps and therefore cannot be used. A variable speed
d. Sump layout pump drive should be considered since on-off cycles and

surges when the unit is stopped can be eliminated by its
(1) The best flow conditions are obtained when the yse.

water approaches the pump from all directions with as
uniform a velocity as possible and with minimum distur- (2) The use of bypasses gains equivalent sump capa-
bance from the flow toward other units. The placing of city during periods of pump operation with small inflows
the sump intake to provide as near equal flow distances asnd accomplishes that function by decreasing the net
possible to the pumps is a good start toward satisfactoryeffective discharge of pumps operating. Bypasses should
sump flow conditions. be considered where space and structural requirements
cannot be changed and sump capacity is inadequate to:
(2) Whenever station layout permits, an intake gate prevent excessively frequent starting of pumps, particu-
should be provided in front of each pump. Velocity |arly where failure of one pump of a group operated on
through intake gates must be coordinated with the sumpprogrammed control is a possibility; compensate for a lag
drawdown or operating range. In general, the velocity in the inflow from a sewer; and prevent surges in sewers
through intake gates should be as low as possible pro-and sumps which would be caused by rapid lowering and
vided no special requirements or excessive increased costghen raising of sump levels.
are involved. In no case should the velocity through the
gate be greater than 1.5 m/sec (5 fps). Abrupt changes in  (3) Bypasses may be located so as to permit return
direction and velocity of flow should be avoided. flow from riverside discharge chambers into the sump, or
direct flow from a pump discharge line into the sump at a
(3) Sump design and layout will be based on estab-point between the pump and its discharge. With the
lished Corps guidance. However, if the pump manufac-former arrangement, the bypass is effective regardless of
turer disagrees with the Corps’ design and proves, throughyhich pump is operated. The latter arrangement is used
model testing, a better design, then the contractor’s desigrwhere pump discharge lines pass over levees and require
should be used and the contractor held responsible for thex bypass on each pump or a number of pumps to ensure
sump design. satisfactory bypass capacity when any pump is out of
service.
e. Sump capacity.
(4) Where a single bypass from the discharge cham-
(1) In addition to the above-mentioned requirements ber to the sump is to be installed, its capacity at minimum
for satisfactory pump operation, the station design shouldhead and maximum operating sump water elevations
include a determination of the water volume between should be at least equal to the capacity of the largest
maximum and minimum operating elevations that will incremental change in discharge capacity. When a bypass
permit acceptable minimum pump operating cycles. Thisis located on a pump discharge line, its capacity under the
water volume would include the capacity of the sump, same conditions of head should be sufficient to provide
trash rack chamber, interconnecting sewer, or pondingthe desired operating cycle, usually one-half the capacity
area. Sufficient storage is provided between the pump’sof the largest pump. In both cases, the increased capacity
starting and stopping elevations when the starting of anyof pumps at lower than design heads should be recog-
one pump will not be required more often than once in nized. Butterfly valves are normally used to control the
15 min or a cycle as recommended by the motor manu-bypass flow. These valves are provided with power oper-
facturer. An inflow rate equal to one-half of the pumping ators when manual operation requires more then a 110-N
rate of the pump should be assumed, as this inflow will (25-Ib) pull on the valve operator.
cause the most frequent number of repeated starts and
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(5) The determination of sump capacity requires close (1) Raise the operating floor of the pumping station
coordination with the entire design of the pumping station. above ground level and provide overflow openings below
Basic factors such as type of prime mover, number andthe station floor. In order to confine the effluent and
size of pumps, and size and arrangement of station ardacilitate its removal, a catch basin would have to be
affected by, or have an effect on, sump capacity. Selec-constructed adjacent to the forebay, with a gravity drain to
tion of design to provide adequate sump capacity shouldreturn the overflow to the station. This method would
be based on a comparison of overall cost for each instalprotect the station from damage due to extremely large
lation. Factors to be considered include cost of sumpsurges that might be caused by total station shutdown, but
structure and superstructure, higher price of equipmentordinarily would not alleviate the smaller surges due to
accompanying any increase in pumping requirements,shutdown of single pumps, which may cause operational
increased cost of variable-capacity in lieu of fixed- difficulties.
capacity pumps, and cost of operation.

(2) Stations having the operating floor above the
6-3. Surges in Sump high-water elevation or located outside the line of protec-
tion may have flap-gated bypasses from the station sump

a. General. Surges may occur in pipelines which pump intake to a pressure discharge chamber or directly
flow full and are subject to sudden changes in rate of dis-into the stream. This arrangement might require changes
charge. This is possible where the sump area and adjain the station design, particularly in the design of the
cent areas have too small a water volume. Seriousoperating floor which may be subject to upward pressures.
damage could occur if proper consideration is not given to This method can be used to protect the station from
the effects of surges in designing the pump station. Sur-extremely large surges. The effectiveness of the method
ges and resulting rapid fluctuations of the water surfacein reducing smaller surges would be dependent upon the
elevations in the sump could also affect the proper opera-elevation of the water surface in the discharge chamber or
tion of the automatic stop controls of the pump. The in the stream at the start of the surge and upon the eleva-
condition of a surcharged pipeline discharging to a pumption at which the bypasses are placed.
station sump may be considered somewhat analogous to
the penstock and surge tank of a hydroelectric powerplant. (3) The horizontal cross-sectional area of the inflow
HDC should be consulted under these conditions. sump could be increased to act as a surge tank. The

sump dimensions should not be increased above that area

b. Amount of surge The height to which the water required for proper sump flow.
will surge in the pump sump is a function of the length of
a pipeline flowing full, the cross-sectional area of the (4) A special surge tank or a surge basin could be
pipeline, the volume of the sump, the change in pump dis-used at some point on the pipeline near the pumping sta-
charge, and the friction losses. An exact mathematicaltion. The effectiveness of this method is dependent upon
solution of the problem is often practically impossible the horizonal cross-sectional area provided by the eleva-
because of the many changes in pipe size and the numertion at which the surge tank becomes effective. This
ous inlet points on a sewer system. However, approxi-method is effective in reducing all surges, both in the
mate methods, developed by HDC, permit mathematicalsump and in the connecting sewer. However, for greatest
treatment of the problem and give results sufficiently effect at the pumping station, the surge tank or surge
accurate for design purposes. basin should be placed as close to the station as

practicable.

c. Provisions for protection against surgeCertain
features inherent in the design of pumping stations and (5) For a large pipeline, an initial intake sump could
sewer systems automatically supply a dampening effect orbe provided with a regulating weir into a second sump at
surges. Various laterals and manholes of the sewer sysene side in order to maintain a constant hydraulic gradient
tem, the operating sump, and intake and trash rack wellsn the sewer. This method would prevent surges from
act as surge tanks. Use of adjustable-blade pumps omoderate changes in pump discharge but may not greatly
variable-speed motors will allow gradual reduction of affect large surges resulting from total station shutdown
pump discharge upon shutdown and would reduce operaand may not afford sufficient protection for the pumping
tional difficulties arising from surges. In cases where the station.
surge will be great, consideration of one of the following
methods will aid in solving the problem.
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6-4. Trash Racks the moisture and fumes usually present during raking
operations, and to facilitate disposal of trash
a. Racks Except for stations of minor importance accumulations. Where flows are adequately screened
and sewage-type pumping stations, all flows into flood prior to entry into the collecting system by grated catch
protection pumping stations should be screened beforebasins or other methods, trash racks need not always be
reaching the pumps. Conventional bar screens (trashprovided. However, omission of trash racks must be
racks) are the preferred method of screening. Suctionbased upon sound engineering judgment and economic
strainers should be avoided as they clog readily and areconsiderations and must be justified and explained in the
difficult to clean. Trash racks must be located to allow design analysis.
incoming flows to pass through the rack before reaching
any pump intake, flow to be evenly distributed over the b. Effective areas and bar spacingTrash racks
submerged rack surface, and raking to be accomplishegshould have ample net area so that the velocity of the
coincident with pump operation. Trash racks located in flow through the gross rack area does not exceed 0.76 m/
the sewer which flows by the pumping station should be sec (2.5 fps). The clear opening between bars should be
readily removable, and minimal means should be providedapproximately 45 mm (1-3/4 in.), but may be greater if
to allow the racks to be raised above the maximum sumpjustified by the size and type of pumps to be protected,
level and secured when the station is not in use. Trashbut should not exceed 75 mm (3in.) in any case. Bar
racks should always be located outside the station superspacing should be coordinated with the pump
structure in order that operating areas are not exposed tananufacturer.
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Chapter 7 concrete or reinforced sewer pipe are not satisfactory.
Discharge Arrangement The invert of the highest point of the discharge line

should be the same as the top of the protective works at
the pump station site.

7-1. General . L . .
a. Siphonic discharge lines. Over-the-levee dis-

The method and structures required to transport pumpingch@rge lines should be studied to determine if their use as
station discharge are determined largely by the type of@ siphon is economical. Usually a siphon can be justified

protection works adjacent to the pumping station, the On Power saved due to the lower head when primed.
location of the station with relation to existing sewers, and PUMPs should be selected to operate over the entire range

the desirability of avoiding layouts involving pressure ©f heads provided by siphon usage. The pumping unit
conduits, especially under levees on yielding foundations,Shall be capable of self priming the discharge pipe. Two
Pressure conduits can be avoided by carrying the dis-yPes of discharge pipe terminations are used for siphon
charge over the levees by individual pipes. If the protec- systems: concrete structures with a weir to §ubmerge t_he
tion works consist of a floodwall, pressure conduits PiP€ end or a tuned up end (saxophone) discharge pipe
should be avoided by locating the pumping station on the (Plates 10 and 11). Both types are acceptable, and selec-
protection line and making the discharge through the tONS can be based on costs of construction and operation.
riverside wall of the pumping station into a gravity con- valves on the end of the discharge pipe should not be

duit or open discharge chamber. If the pumping station isUSed to hold a siphon in the pipe. Plates 4 and 5 show a
offset from the floodwall, special arrangement of the Plant built within a levee with a siphon discharge.
discharge pipes may be required. The designer should ) ) )
review EM 1110-2-3104 and EM 1110-2-1913, Chapter 8, b. Air vents. All over-the-levee dISCharge lines

and coordinate the discharge arrangement with the strucShould be provided with an unobstructed (free) air vent at
tural and geotechnical engineers. the highest point. Suitable protection should be provided

to prevent the vent being rendered inoperative by

a. Pipe connected to pumpsin general, a single Vvandalism.

pipeline should be installed and direct-connected to each ) )

pump. In the case of pumping stations of small capacity G- PiPe supports. Pipe may be supported on the
(315 ¢/sec (5,000 gpm) or less), two pumps may be con-Surface of the levee and should be completely covered by
nected to the same line. The connection should be madd&nounding, except on the riverside of the levee where the
inside the pumping station or a valve vault outside of the PiPé should be placed in a trench to avoid concentration
pumping station by a fitting. Check valves and gate val- Of Ievee erosion by flood flows. Covering the pipe in this
ves should be inserted in the connecting line between thenanner affords protection against displacement, facilitates
fitting and the pump to prevent reverse flow through an maintenance of levee surfaces, and provides access over

idle pump when the other pump(s) are operating. the pipe for pedestrian or vehicular traffic.

b. Number and location of flexible couplingslex-  /-3- Pressure Discharge Lines

ible couplings should be used wherever the pipe runs into

or out of concrete structures, at bends or miters, and at"Stalling pumping station discharge lines under or
other points where differential settlement or normal through levees or floodwalls and subjecting these lines to

expansion and contraction of the pipe are anticipated.flow under pressure should be avoided whenever possible.
Where the pipe leaves the station wall, the first flexible It iS realized, however, that conditions may exist which
coupling shall be located not more than 1 m (3 ft) from féquire or dictate their use. As an example, a large dis-

the wall. A second flexible coupling should be located no charge line may be carried under a floodwall when right-
further tha 2 m (7 ft) from the first. of-way for a pumping station would necessitate several

bends. When it is not practicable to avoid a pressure line
under the levee or wall, the pipe will have ample strength
and be provided with joints that will provide flexibility

Due to the large settlement which may occur dischargeWith restraint to limit axial movement. Whenever it is

over levees should be limited to metal pipes, preferably Necessary to install discharge Iinesf under or through .Iev-
ductile iron or coated steel, suitable for use with flexible €€S or floodwalls, seepage protection should be provided

couplings.  Concrete conduits and precast reinforced@s required in EM 1110-2-1913.

7-2. Discharge Over the Levee
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7-4. Backflow Prevention pipes are terminated in a headwall, flap valves alone are
considered inadequate. If flap gates are used, a separate
The type of pumps usually used for flood control pump- well should be constructed to the protection elevation
ing stations provide practically no restrictions to backflow. from which access to the flap valve, comparable to that
A suitable means must be provided to prevent backflow in described above for a discharge chamber, is possible.
the pump discharge lines. In planning pumping instal- This structure should be located and designed such that
lations, the practices outlined below should be followed. during periods of idleness of the pump station the ten-
dency for silt, loose rock, debris, and floatable material to
a. General The basic requirement for pump dis- collect in sufficient amount to interfere with gate opera-
charge lines, in which backflow can occur without siphon tion is minimized. An alternate procedure would be to
action, is to provide two means of preventing backflow-- provide a shutoff valve in each discharge pipe in addition
one means for normal use and the other for emergencyto the flap gate.
use in the event of failure of the normal method. The
emergency method may consist of either a means of bulk- e. Underground discharge linesUnderground dis-
heading the end of the pipe, or, in special cases, a sepacharge lines in small pumping stations should have a
rate shutoff valve on the discharge line. check valve on each pump discharge line to prevent back-
flow. Gate valves should always be provided on the
b. Discharge chamber. For discharge lines ter- discharge side of such check valves to permit maintenance
minating in the discharge chamber adjacent to the stationof the check valves. Where butterfly valves are installed
flap valves alone may be considered adequate protectionn bypasses between river and sump, a slide gate or emer-
against backflow for normal operation. The design of the gency bulkhead over the riverside orifice of the bypass, or
structure should afford access to the valves at all flooda gate valve on the riverside of the butterfly valve, should
stages. The discharge chamber should have slots fobe provided for emergency closure of the bypass.
bulkheads at the exit of the chamber and at each flap gate
location. The walls of the discharge chamber should be f.  Emergency closures.Emergency closures may
constructed to at least the protection elevation. This will require a removable bulkhead or stoplogs. These should
allow, in the event of the failure of a flap gate, bulkheads be furnished where openings need to be closed in a short
to be placed at the exit of the chamber and dry access tdime period. In such cases, slots should be provided in
repair the disabled flap gate. the walls of the passage to be closed, with provisions
made for placing and removing the closure parts. Stop-
c. Over levee or floodwall Discharge lines over the logs and bulkheads should be made of noncorrosive mate-
levee or floodwall should have the invert of the high point rial of ample strength to sustain the imposed loads. They
of such discharge lines at or above the design protectionshould be provided with hooks to permit handling by
elevation, except where unusual conditions exist thatmeans of a lifting device. Bulkheads should be designed
would justify deviation. All such deviations must be for placement under all operating conditions using a
approved by higher authority. All discharge lines of this mobile crane if required by the weight of the bulkheads.
type should be provided with an emergency means of
stopping backflow if the river stage should exceed the 7-5. Outlet Structure
invert elevation of the highest part of the discharge line.
A means to allow application of compressed air, from an An outlet structure should be constructed at the end of the
emergency source, to the high point of the discharge linepipes in order to protect the levee from erosion due to the
would be an acceptable method. Discharge lines havingpump discharge and the river current. Typical outlet
the invert at a lower elevation than the design protectionstructure designs are contained in EM 1110-2-3104.
elevation must be provided with a valve located at the Since in most instances the pump will be in operation
high point of the discharge lines. The valve should be only at times when the streamflow is above the discharge
accessible at all flood levels and may require motor oper-outlet, the effect of erosion from the discharge is mini-
ation if the discharge pipe size is greater than 450 mmmized. In most instances a concrete structure consisting
(18 in.) in diameter. In addition to the motor-operated of headwall, wing walls, apron, and cutoff wall will suf-
valve, a manual-operated valve of the same size isfice. Rip-rap protection of the bottom and side of the
required. discharge channel should be provided to protect the levee
against erosion. The pump discharge channel should be
d. Under protective works When discharge lines sloped to drain away from the discharge structure. A
running under protective works cannot be avoided and thecombination discharge and reverse flow shut off gatewell
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located on the riverside of the levee may be an eco-are accessible to children or the general public, wall

nomical arrangement, and is desirable in view of the heights should be minimized or pipe railing or other bar-
protection afforded the shutoff gates. Where structures  riers should be installed.
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Chapter 8 8-3. Trash Rakes
Station Auxiliaries _ o
a. Rakes.EM 1110-2-3105 provides detailed infor-
mation about the selection of raking equipment. The two
basic types are hand and mechanical raking. The decision
8-1. General to use either hand or mechanical raking should be based
o . ) . ) on the amount and characteristics of the debris, station
For the majority of pumping stations, auxiliary equipment configuration, safety, and engineering judgment. Operat-
will be defined as station cranes and hoists required foring personnel should never have to hand rake and handle
placement and removal of equipment, trash raking andyepis coming from a sanitary or combined sewer. Also,
conveying equipment, fire protection, heating and ven- nechanical raking should be used if the station con-
tilating, office facilities, and emergency power backup fig ration presents a danger for personnel; for example, a
system. very deep sump, significant amount of debris, or the
_ weight of debris will require mechanical lifting capability.
8-2. Station Cranes
b. Trash disposal Suitable provision must be
made in design of the trash rack chambers to permit stor-
: i “"“age and removal of accumulated trash with reasonable
such equipment would not be practicable or economical.qase  Tryck access to locations where trash is deposited
In small pumping stations removable roof hatches Iocatedupon removal from the trash rack chamber should be

over the equipment should be considered. Stations using, ., iged in order to avoid laborious transfer procedures in
an all metal building can also be constructed to have roofs 4l trash removal.

hatches over the equipment. The metal building should

be de_3|gned to _al!ow removing the roof_ hatches without 8-4. Fire Protection

reducing the building’s stability. A mobile crane neces-

sary to remove the equipment will not be furnished by the Pumping stations are considered Special Purpose

Government. Load and reach requirements of a mobile;,qstrial Occupancy as defined in National Fire Protec-
crane, for removal of the pumping units, should be fur- i,y Association (NFPA) 101, Chapter 28. Fire protection

nished with the design of the building. A concrete slab g4 pe provided by portable fire extinguishers. ~Fire
outside of the equipment door should be provided andy hiection requirements for diesel driven stations are

sized to hold the larger pieces of the disassembled pump'provided in NFPA 37. The number, size, and type of

ing unit and driver. portable fire extinguisher shall be provided as specified in

NFPA 10.
b. Overhead. Overhead cranes with a capacity over

3 metric tons (3.3 tons) should be provided with an elec- g5, Heating and Ventilation

tric-motor-driven equipment hoist, trolley, and bridge.

Monorail cranes with the travel rail located over the a. Heating. In general, space heating of the super-

equipment should also be considered. When providing astrycture should be provided in flood control pumping

monorail-type crane, there should be sufficient space instations located in colder climates. The space heater

the station to place equipment. An alternate would be t0should be sized to maintain a minimum temperature of
continue the rail outside of the station where room would 12 g °c (55 °F).

be provided to place equipment. The crane should be
sized to lift the heaviest, fully assembled, single piece of b. Ventilation
equipment.

a. General. An overhead traveling crane should be
installed in all stations except those of small size where

(1) Proper ventilation of pumping stations is an
c. Mobile The mobile crane should be located important design consideration. A means should be pro-
within 8 hr travel time to the pumping station. Roads to vided for gravity ventilation of the sump at all times to
the station and clearance of utility lines should be con- prevent concentrations of vapors or gases which may
firmed after the mobile crane is sized. If available cranesresult in damage to the structure or injury to personnel.
cannot meet these conditions, then an inside overheadrorced ventilation should be used when pumping water
crane must be provided. may contain sewage. The superstructure should have
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ventilation to remove heat produced by the equipment.stations with diesel prime movers. Heating and cooling
Power-driven roof or wall fans can be used to ventilate should be provided as necessary.
the superstructure.
b. Sanitary facilities Sanitary facilities should be
(2) All power ventilation equipment controls should provided for all pumping stations. These facilities will
be located adjacent to the entrance door. All ventilation range from portable units for small stations with little
should be rated for operating in an explosive atmosphere. operating time to more conventional facilities with
showers for the larger stations and shall meet the require-
8-6. Office Facilities ments of EM 385-1-1. For example, a larger station may
have a total capacity over 90 cu m/sec (3,000 cfs) with a
a. Office space. An enclosed office should be pro- workforce of over 12 people.
vided for all stations over 3 cu m/sec (100 cfs) total
capacity. A desk, chair, and filing cabinet to store c. Drinking water. An adequate supply of drinking
as-builts and operation and maintenance manuals shouldvater shall be provided in accordance with EM 385-1-1.
be provided. Sound proofing should be provided for
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Appendix A and roof ventilator was provided. The site for this station
Plates required a full building over the sump rather than a partial

building housing electrical equipment and office space.

Plate 8. A pumping station equipped with a discharge
chamber, formed suction intake (FSI) on the pump,
mechanical trash rake, and sump closure gate. The station

Plate 2. A pumping station with the pump(s) located in a N@S an electric-motor-driven overhead hoist and uses
gatewell. The pumps used at this station were submer-Station Iayqut mcluqllng gravity drains under the discharge
sible propeller type supported in a discharge tube fitted champers in the discharge chamber. Bulkhegd sI.ots for
with flap gates. This type station is economical to con- SOPPINg back flow are not shown. This station is the
struct. This station is the Pelucia Creek Pumping StationAlton Pumping Station and is located in Alton, lliinois. It
located in Greenwood, Mississippi. It was designed by Was designed gnd cpnstructed by the St. prs District as
the St. Louis District and constructed by the Vicksburg Part of the Melvin Price Locks and Dam Project.

District and is part of the Yazoo River Basin, Greenwood
Protection Works Project.

Plate 1 Section views of the gatewell type pumping
station illustrating the different type discharge systems.

Plate 9. A site plan for the pumping station shown in
Plate 8. The station is located landside of the line of

Plate 3. Plan views of the gatewell type station shown in Protection (levee). Note the emergency closure structure
Plate 2. The pump discharge tube location was deter-'ocated_ on the pressure coqdwts rl\./er5|de.of the line of
mined by model tests at WES. The discharge tube isprotectlon. A structure of this .type is .reqL'ured when the
placed out of the flow area of the gravity drain. Two discharge chamber of a pumping station is located land-
different discharge methods are shown to illustrate typesSide Of the line of protection.

of discharge when using a submersible pump. i i i i
Plate 10. A pumping station with an over-the-levee dis-

Plate 4 Section view of a 7-cu-m/sec (250-cfs) pump at charge system. The statiqn is also e'quipped 'With a siphon
Lake Chicot Pumping Plant. This view shows the vertical 2SSist discharge.  The discharge pipe terminates with a
pump, siphon discharge, and electric motor drive. This saxophone discharge. This station is the Chauvin Bayou

station is located in the Mississippi levee system. It is a PUMP Station and is located in Monroe, Louisiana. It was
project of the Vicksburg District. designed by the St. Louis District and constructed by the

Vicksburg District as part of the Ouachita River Basin,

Plate 5. Site plan for the Lake Chicot Pumping Plant Monroe, Louisiana, Flood Protection Project.

shown in Plate 4. ) . i )
Plate 11. A site plan for the pumping station shown in

Plate 6. This pumping station contains five submersible Plate 10. The station is located adjacent to the gravity

pumps each discharging into a discharge chamber. FIOV\ﬂF’W structures. A separgte inlet structure had to be pro-
is taken from a stormwater sewer. An intake is used to Vided to the pumping station.
provide correct flow to the pumps. This intake diffuser

was model tested by the pump manufacturer. This pump- g i ) >
ing station, the Northside Pumping Station located in "€duired pumping capacity is less than 366 /sec (20 cfs).

Richmond, Virginia, was designed by the St. Louis Dis- "€ Pumps are submersible type and are removed by the
trict and constructed by the Norfolk District as part of the US€ Of guide rails and a discharge connection fastened to

James River Basin. Richmond Local Flood Protection the floor. The size of the inlet lines to the station are
Project. usually small and limit the trash size that reaches the

pump. A removable trash basket can be used to catch
Plate 7. A section through the sump and forebay of the arge objects. This type station may be located where
pumping station shown in Plate 6. The station is provided occasional flooding is possible without any damage to the

with a sump intake gate and mechanical trash raking®duipment.
equipment. A full operating room with an overhead crane

Plate 12. This pumping station design is used when
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