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N.1

Engineering Considerations
2nd Street Pump Station, Design Considerations

The 2nd Street project consists of a new pump station and gate well located south of the intersection of
2nd Street N. and 3rd Ave N in Fargo, ND. The pump station will be designed for 75,000 GPM (5 x 15,000
GPM pumps) to handle the contributing in town drainage area and a separate wet well and pump 6,000
GPM (1x 6,000 GPM pump) to handle the overpass flows from north of the project area. A portion of the
dry weather flow from north of 2nd Street South, will be handled by gravity flow through the levee and
gate well structure when the river is below River Stage 22. At River Stage 22, gravity flow through the
flood wall and gate well structure will be terminated and diverted to the pump station wet well for
pumping a through the flood wall to the gate well structure for discharge to the river.
1.

General

Basic design considerations involve locating the pump station and gate well and the selection of the
pumps and drives, the sizing of the wet well, and arrangement of equipment. These establish the size of
the structure and the major cost components.
The location selected for the pump station and gate structure will be based on the final pipe line
coordinates and invert elevation from information provided by HMG LLC. Key considerations for the
selection of the proposed site includes convenient accessibility for operation and maintenance
personnel, its proximity to City Hall and the use of a common standby generator for backup power
during an unscheduled power outage, it’s accessibility for diverted flows from the uderpass pump
station scheduled for demolition, and as an integral part of the flood wall system provides convenient
access to the river for the discharge pipe from the gate well. Prior to finalization, approval from the City
of Fargo and the USACE for construction at the selected locations will be required.
2.

Storm Water Pumps

The types of pumps which were considered included both submersible and vertical propeller/mixed flow
for the main wet well pumps at the 2nd Street Pump station. Propeller/mixed flow pumps are capable
of high flows at low to moderate heads. Five vertical propeller pumps were selected for use at this
installation based on the wishes of the City of Fargo and after consideration of efficiency, power
consumption and maintenance of the two types of pumps. The pumps have a below grade discharge to
the gate well and will be supported on an equipment pad with the motor accessible from within the
pump room. The pumps will be grease lubricated utilizing wall mounted lubrication systems equipped
with dual metering valves allowing for the lubrication of two pumps by each lubrication unit. Heads for
the proposed pump station are approximately 20-28 feet depending on the flow rate.
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The selected main storm water pump type has the needed characteristics at the conditions anticipated
and there are numerous manufacturers that can provide quality pumps. In accordance with the USACE
Circular EM1110-2-3102, no designated standby pumping capacity will be provided.
To handle the underpass flows from north of the project area, a single submersible non-clog pump was
selected. The pump will discharge into the gate well. This pump will be mounted on a fixed base elbow
with a rail retrieval system for removal of the pump for maintenance and during the winter months.
Removal will be accomplished by the use of a truck mounted crane and stored off site.
Testing of the main storm water pumps can be accomplished by installing a bulkhead at the river outlet
of the gate well and closing sluice gate on the inlet to the pump station. This will provide a closed
system which when filled with water can be used to test each pump by recirculating the water from
pump station to gate well and back to the pump station via the gravity discharge culvert. It is estimated
that approximately 100,000 gallons of water might be required to provide adequate water to complete
field pump testing. Similarly, testing of the submersible pump can be completed by the installation of
bulk heads and proper gate positioning
3.

Sump Pumps

To avoid running the large pumps for small flows and to keep the wet well free of stagnant water, an
electric submersible sump pump will be provided for the pump station. The submersible sump pump is
a low flow, nuisance or wet well dewatering pump. The sump pump will have a capacity of 200 gpm at
27.7 feet of head which will dewater the sump in less than 6 hours in accordance with EM 1110-2-3105.
4.

Pump Drives

Electric motors are generally used as drivers for larger vertical and submersible pumps. The size of the
motors required to drive the main storm water pumps at the 2nd Street Pump Station will range
between 125 and 150 horsepower (HP) and 75 and 90 HP for the submersible non-clog pump. Based on
this horsepower range, 480 Volt electrical power is required. No standby diesel engine generator will be
provided at this pump station however a diesel engine generator will be provided with the design of the
new City Hall building and will be sized to support the operation of four pumps at the 2nd Street Pump
Station.
The use of variable speed drives was also considered for the main storm water pumps. In some pumping
applications, equipping pumps to operate over a variable range of speeds is advantageous. In this
application, variable speed pumping in not as significant due to the volume of storage in the storm
sewer system. Therefore, the pumps will be designed to operate at a constant speed that will range
between 600 and 1200 RPM.
5.

Wet Well

Because of the limited area provided for the 2nd Street Pump Station the wet well cannot be sized
normally by using guidelines from the 2012 Edition of Hydraulic Institute Standards. For the 2nd Street
Fargo-Moorhead Area Diversion Project

2|Page

Pump Station, the dimensions will be based on the limited available area and the use of “Formed
Suction Intakes” (FSI) utilizing the “Type 10” design developed by the USACE or by using various pump
manufacturers’ guidelines or practical experience. Because of the anomaly of this wet well design,
physical model testing will be completed to identify possible unacceptable flow patterns at the pump
suction and to help develop an acceptable intake sump design. See attached “Wet Well Layout Design”
memorandum and FSI Intake Detail based on HI Type 10 criteria.
Each wet well will include a sluice gate to isolate the station from the storm sewer system and a trash
rack to eliminated large debris that may damage the pumps. The main wet well includes five formed
suction intakes, one for each pump. At the entrance of the main wet well, an intake trough will equalize
flow distribution and create more uniform velocities approaching the pumps. For the most part, the wet
well dimensions are based on flow to the formed suction intakes and may differ slightly from the
dimensions on the drawings following the physical model testing. Modifications to the wet well, based
on recommendations from the physical model testing will be made by a change order to the Contract. It
is critical that these changes are confirmed and implemented, prior to testing or the selected pumps and
the beginning of construction, to ensure pumping efficiency.
The selected on/off elevations of the pumps were provided by Houston Engineering, Inc. and will be
confirmed during final design of the station, considering the pump characteristics, required
submergence, minimum cycle time, and the total storage (storm sewer plus wet well). The lead storm
water pump should be set to turn on at an elevation that provides adequate submergence to avoid
vortex formation and cavitation during pump operation. Each lag pump will be set to turn on at
consecutively higher elevations with the first on being the last off. The order of sequencing the main
storm water pumps can be manually changed by the City staff or automatically through the PLC.
When the wet well level backs up into the storm sewer pipes, the volume of underground storage will
be considered in the pump cycle time and on/off level calculations. The analysis for determining the
pump on/off levels will also consider the timing of the inflow hydrograph for the drainage area.
6.

Access and Security

The site will be accessed from the new 2nd Street North.. Types of maintenance vehicles to be used are
pick-up trucks and other light to medium sized vehicles. The largest anticipated vehicle would be a
crane to pull the pumps. These vehicles, including the cranes, generally do not require an abundance of
operating space.
No special security system has been provided at the direction of the City.
7.

Utilities and Drainage

The only required utility is electricity. No restroom is to be provided so sanitary sewers are not
required. The minimum electric service into the station is 480 volt, 3-phase, four-wire designed in
accordance with the current National Electrical Code and applicable local codes. A fire hydrant should
be provided near the pump station site.
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Adequate provisions for site drainage should be provided. Area inlets can be discharged to the inlet
structures. The sites will meet any applicable local site development criteria.
8.

Pipeline Design Considerations

The new gravity storm sewer pipelines will be of reinforced concrete box (RCB) construction with
gasketed joints to minimize infiltration of groundwater. Gravity storm sewer pipelines will be designed
with slopes to ensure an adequate cleaning velocity. The minimum cleaning velocity utilized was 2 feet
per second (fps). Gravity sewer adjacent to the pump station (within 15’) will be constructed as a cast-inplace box culvert to minimize the possibility of leakage within the critical zone around the pump station
and flood wall. The discharge pipes from the pumps to the gate well will be constructed of ductile iron
pipe (DIP) with pumping duty flap gates on the end of each.

N.2

2nd Street Pump Station Gatewell Design Considerations

A portion of the dry weather flow from north of 2nd Street South, will be handled by gravity flow through
the flood wall and gate well structure when the river is below River Stage 22. At River Stage 22, gravity
flow gravity flow through the flood wall will be terminated and flow will be diverted to the pump station
wet well for pumping through the flood wall to the gate well structure for discharge to the river. The
flow diversion will be accomplished by the repositioning of the sluice gates within the wet well approach
channel.
The gate well structure, to be built integral to the pump station but located on the river side of the flood
wall will consist of an upper and lower chamber. The upper chamber will receive pumped discharge via
five 30” and one 18” diameter ductile iron discharge pipes from the pump station. Water discharging
into the upper chamber will cascade down into the adjacent lower chamber. The lower chamber will
provide a connection to the gravity outlet, which will consist of 15’ of 6’x6’ cast-in place concrete box
culvert before transitioning to 6’x6’ Reinforced Concrete Box Culvert to the river outlet.

N.3
Date:
Project:
To:
From:
Subject:

Memo
Wednesday, April 30, 2014
nd

Fargo 2 Street Pump Station
Eric Cox, Ken Demmons
Brent Peterson
Wet well layout design

This memo is intended to outline the decision making process for the formed suction intake (FSI) design
being incorporated into the 2nd Street Pump Station design.
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Throughout the initial stages of the design; HDR has attempted to follow published standards for pump
station wet well layout and design. The two sources being used are ANSI/HI 9.8-2012, American
National Standard for Rotodynamic Pumps for Pump Intake Design published by the Hydraulic Institute
(HI) in 2012, and EM 1110-2-3105, Mechanical and Electrical Design of Pumping Stations published by
the U.S. Army Corps of Engineers (USACE) in 1994 with updates in 1994 and 1999.
Background information for flow requirements and elevation information for the project have been
provided by Houston Engineering Inc. (HEI). HEI has determined that 5 – 15,000 gpm pumps will be
required to meet the required flow of 75,000 gpm at approximately 24 feet of total dynamic head (TDH).
Based on this information; Cascade Pumps provided a recommendation for a vertical mixed flow pump.
Information was also provided by Patterson and Fairbanks.
Both the HI and USACE design guidelines use the suction bell diameter to establish minimum dimension
for the wet well and pump bays. The suction bell diameter provided by Cascade is 40”; Patterson and
Fairbanks were similar, therefore, a suction bell diameter of 40” was used to layout the wet well. The
USACE wet well dimensions are limited to wet wells with 3 or less equally sized pumps, therefore, the HI
standards were used.
HI standards state that for pumps with design flows greater than 5,000 gpm, dividing walls between
pumps are required. Recommended dimensions of the individual pump bays are outlined as follows:
Dimension
Variable
D
W
B
X

Description
Suction Bell Diameter
Bay Width
Distance from the back wall to the pump inlet bell
centerline
Distance from the pump inlet bell centerline to the
end of the divider wall

Recommended
Value
2D
0.75D

2nd Street
Dimension
40”
80”
30”

≥5D

≥200”

These dimensions are shown in the following figure.
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Based on experience gained from the physical model of a similar pump station; baffle walls are required
ahead of the pump bays to achieve a more uniform approach flow entering the pumps. Vertical pumps
of this type are sensitive to non-uniform approach flow. Non-uniform flow could result in increased
occurrence of vortices, both surface and sub-surface, and the occurrence of pre-swirl entering the
pump. These adverse flow conditions can lead to excess vibration and cavitation causing premature
bearing failure and impeller damage. In April HDR provided preliminary wet well layouts for approval
prior to proceeding with detailed design work. Along with the preliminary layout, a request to provide
more space between the flood wall and 2nd Street or siting the pump station further south along the 2nd
Street alignment was made to accommodate the wet well footprint
On April 15th HEI responded with a layout sketch which reduced the dimension X from 200” to 70”. The
revised layout also allowed little or no space for baffle walls to create a more uniform approach flow to
the pumps. It was noted at this time that this new layout would not conform to HI design guidelines and
therefor a physical model of this layout would need to be commissioned to verify that adverse flow
conditions do not exist with this layout.
In reviewing the HI standard and discussing options with different suppliers, the FSI was evaluated as a
possible alternative to the traditional bay design of the wet well. HI states that “The formed suction
intake may eliminate the need for the design of sumps with approach channels and appurtenances to
provide satisfactory flow to a pump.” Xylem (Flygt) provided a layout using their FSI design coupled with
a submersible mixed flow pump. The Flygt layout resulted in a wet well which is close to the overall
dimension provided in the HEI layout provided on April 15th. HEI had a 35’-4” x 19’-2” wet well while
Flygt had 21’10” x 23’-7 ½” respectively. Flygt also included a drop style flow distribution baffle to assist
in distributing the flow to the pumps in a more uniform manner.
Based on the discussion presented above; it is recommended that a FSI style design be carried forward
for the 2nd Street Pump Station. The following figure provides the initial design and dimensions. The
dimensions are be based on the limited available wet well area and the use of “Formed Suction Intakes”
(FSI) utilizing the “Type 10” design developed by the USACE or by using various pump manufacturers’
guidelines or practical experience. Because of the unusualness of this wet well design, physical model
testing will be completed to identify possible unacceptable flow patterns at the pump suction and to
help develop an acceptable intake sump design.
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