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Abstract
The Fargo-Moorhead Metropolitan Area Flood Risk Management Project consists of a 30 mile long
diversion channel and a 4 mile long connecting channel. The project will reduce the flood risk from the
Red, Wild Rice, Sheyenne, Maple, Rush, and Lower Rush Rivers for the cities of Fargo and Moorhead, as
well as surrounding communities. The project will also create a 149,000 Ac-ft staging area upstream of
the inlet channel that is designed to store water for a period of time during different flood events. This
report will focus on the design of Phase 1 of the El Zagal Area Flood Risk Management Project to reduce
the flood risk in the El Zagal area of north Fargo. The design of this levee system is being completed to
reduce the current flood risk under existing conditions, but is also being designed to be complementary
to the Fargo-Moorhead Diversion project as identified in Appendix B of the Supplemental Environmental
Assessment [1].

1. Introduction
1.1 Project Location
The cities of Fargo, located in southeast North Dakota, and Moorhead, located in northwest Minnesota,
straddle the North Dakota-Minnesota border, as shown in Figure 1. The metropolitan area is located
along the Red River and near the confluence of the Red and Sheyenne Rivers. The area encompasses
land approximately 12 miles west to five miles east of the Red River and from 20 miles north to 20 miles
south of Interstate 94. The total metropolitan area is approximately 90 square miles.

Figure 1 – Fargo-Moorhead General Location
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1.2 Background
The Red River Valley was once the bed of glacial Lake Agassiz and the resulting terrain is extremely flat
and prone to flooding. The National Weather Service (NWS) has designated 18 feet as the minor flood
stage at the Fargo USGS gage. This stage has been exceeded by the Red River in 50 of the past 111
years. It was exceeded consecutively from 1993 to 2011, and again in 2013 and 2014. Figure 2 shows
USGS hydrographs from five recent flood events [2]. The Fargo-Moorhead metropolitan area is
currently protected by several permanent levees as well as a series of emergency levees that are
constructed during flood events. Although the emergency flood protection has been effective for the
past flood events, the United States Army Corps of Engineers (USACE) has estimated that the annual
damages would be $194.8 million if emergency measures were to fail [3].

Figure 2 – Fargo USGS Gage Flood Event Comparison [2]
*USGS Gage height can be converted to sea level by adding 861.8 feet (NGVD 1929) or 862.74 (NAVD 1988)

According to the 2010 census, the populations of Fargo and Moorhead were 105,549 and 38,065 people,
respectively. Fargo and Moorhead, along with the cities of West Fargo, Dilworth and several smaller
communities, make up the metropolitan area that serves home to over 200,000 people. There was a 20
percent increase in population in the metropolitan area over the last decade [4].

1.3 Project Features
The El Zagal Area Flood Risk Management Project is intended to reduce flood risk for the neighborhoods
adjacent to the project, and reduce the temporary measures required during major flood events. The
Project will be constructed in two phases, as shown in Figure 3.
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Figure 3 – Project Extents
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Phase 1, which is the focus of this report, will be entirely an earthen levee. It will start by tying into the
existing Ridgewood floodwall along the north side of the El Zagal Golf Course, then continue to the west
along 15th Avenue North, wrap around the west side of the golf course on the east side of the Shriners’
building, and continue to the east along 14th Avenue North, and moving slightly onto the golf course to
accommodate enough room for a new clubhouse on the protected side of the levee to be completed in
2015. This will ensure that the clubhouse is on the dry side of the levee and won’t require any utility
penetrations. Two new gatewells will be constructed for gravity storm sewer closures. Due to the
levee’s proximity to the golf course and city of Fargo’s preference, non-rising stem sluice gates will be
utilized at the new gatewells. The existing levee adjacent to the Shriners’ building, which was not built to
a certifiable level of protection and would be overtopped by the 1-percent annual chance flood, will be
removed and reconstructed.
Phase 2 of the project will continue across 14th Avenue North just east of Oak Street. The levee will
continue to the southeast until crossing Elm Street North and end where the natural grade is above the
FEMA preliminary 1-percent annual chance elevation of 898.34 (NAVD 1988) or 39.3 feet (RS 39.3’) at
the USGS Gage. The Elm Street North crossing will be a temporary floodwall closure. Phase 2 requires
the permanent closing of 14th Avenue North between Oak Street and Elm Street, as well as the
acquisition of six residential properties.

2. Design Data
2.1 Surfaces and Survey Data
Aerial Light Detection and Ranging (LiDAR) data and ground surveys performed by Merrick and Company
in May 2011 were provided to Moore Engineering, Inc. (Moore) by the City of Fargo and used for the
existing topographic data in the design and drawings. Moore collected survey data for Phase 1 during
the winter and spring of 2014 and updated the design surface for the levee extents. Bathymetric survey
was also collected to supplement the LiDAR data for the geotechnical analysis. The horizontal
coordinate system and projection of the existing condition data is the City of Fargo Coordinate System.
The vertical elevation Datum for the existing condition data is the North American Vertical Datum of
1988 (NAVD 1988). The City of Fargo provided an original base map drawing, which was updated using
Moore’s topographic survey data.

2.2 Geotechnical Engineering and Geology
A detailed geotechnical analysis for levee design and evaluation was completed by Braun Intertec
Corporation, of which the highlights are detailed below. The Geotechnical Evaluation Report can be
found in Appendix D.1.
Geologically, the area is dominated by lacustrine (lake-deposited) soils consisting mainly of fat clay that
are strength sensitive and compressible. These soils are underlain at great depth by glacial till, also
consisting mainly of clay but of greater strength and limited compressibility.

El Zagal Area Flood Risk Management – Phase

Page 4

The lacustrine soils, from the ground surface down, are generally associated with the Sherack, Brenna,
and Argusville Formations. Occasionally, the Poplar Ridge Formation is encountered between the
Sherack and Brenna. These soils in this area are locally overlain with existing fill from historic grading
and construction. While consisting mainly of fat clay, the existing fill and lake-deposited soils also consist
locally of silt which is often prevalent near the lower boundary of the Sherack Formation, helping reveal
the boundary between the Sherack and the underlying Brenna.
The uppermost lacustrine layers, typically the Sherack and the upper portion of the Brenna Formations,
are generally over-consolidated, while the deeper layers, including the lower portion of the Brenna and
the Argusville, are normally consolidated. Shear strength typically falls to a minimum below the zone of
over-consolidation but rises again with depth. The soils are typically saturated or nearly so, even above
the hydrostatic groundwater surface, and possess low to very low hydraulic conductivities.
The geotechnical exploration consisted of four penetration test borings that revealed a geologic profile
similar to the one described in the preceding paragraphs. Based on the project plan and topography,
five cross sections representing the five general regions of the project were selected for the analysis of
Phase 1. Moore provided hydrographs of the FEMA Preliminary FIS 1-percent annual chance flood,
which is the levee design event, as shown in Figure 4. Appendix D.1 contains results for stability,
seepage, uplift and piping potential, foundation bearing capacity, and settlement. These results show
that the levee, if constructed in accordance with the specifications outlined in the report, meets all
required factors of safety as outlined in EM-2-1913 [5]. The results are summarized in Table 1. The
construction station corresponding with each geotechnical cross section matches the station from the
Phase 1 Construction Drawings found in Attachment 1.
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Figure 4 – Flood Hydrograph for Geotechnical Evaluation

Table 1 – Geotechnical Evaluation Report Summary – Phase 1
Factor of Safety (Minimums per EM 1110-2-1913)
Long-Term Steady
State, No Flood
Steady-State
Factor of Safety
(1.4 Minimum, or 1.2 Seepage, FEMA
Against Critical Estimated Total
if residual properties
Flood Level
Hydraulic
Future
Rapid Drawdown
used)
(1.4 Minimum) (1.0-1.2 Minimum
Gradient
Settlement

Location*

End of
Construction
(1.3 Minimum)

Cross Section 1 - Station 19+22

2.13

3.48

1.79

3.44

>10

< 2 inches

Cross Section 2 - Station 15+12

1.90

3.05

1.96

2.33

3.2

1/2 foot

Cross Section 3 - Station 11+55

2.16

3.24

1.51

3.07

5.9

< 3 inches

Cross Section 4 - Station 8+28

2.00

3.34

2.23

3.15

7.4

< 3 inches

Cross Section 5 - Station 1+05

1.75

2.69

1.77

1.09

>10

1/2 foot

*Cross Section as discussed in Appendix D, Stationing from Phase 1 Construction Drawings in Attachment 1
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2.3 Hydrology and Hydraulics
2.3.1 Levee Elevation and River Stage
The design event for the El Zagal Area Flood Risk Management Project is the 1-percent annual chance
flood elevation as identified in FEMA’s preliminary Flood Insurance Study (FIS) for eastern Cass County,
which is scheduled to become effective in January 2015.
Although much of the area adjacent to Phase 1 is above FEMA’s preliminary 1-percent annual chance
floodplain, the Shriners’ building would be inundated at approximately RS 30’ without protection from a
levee. Therefore, the portion of the levee near the Shriners’ building was identified as a required intown levee to pass a flood elevation of RS 35’ with the FM Diversion Project in place [1]. Phase 1 will
meet USACE levee certification requirements for the 1-percent chance base flood event of RS 35’ with
the FM Diversion Project in place. To meet USACE risk and uncertainty requirements for the withProject condition, the levee system will tie into natural high ground that is at or above the river profile
having a stage of RS 39.5’ at the USGS Fargo streamgage.
The earthen levees for the El Zagal Area Flood Risk Management Project are being constructed to an
elevation of 902.4 NAVD 1988 or approximately RS 44’, which represents the FEMA preliminary 1percent annual chance base flood elevation of RS 39.3’ plus 4 feet of freeboard (3 feet of freeboard + 0.5
feet of topsoil + 0.5 feet to allow for settlement). The city of Fargo is constructing their earthen levee
projects to RS 44’, and all floodwall projects to RS 45’. The project will be constructed entirely outside of
the regulatory floodway.
The City of Fargo may also seek accreditation from FEMA for the proposed levee system until the
Diversion is complete. This accreditation would be based on the preliminary FEMA FIS, which has a 1percent flood stage of 39.3 feet at the USGS Fargo streamgage. It is noted that certification needed for
FEMA accreditation would not come from USACE. Even for a 1-percent flood profile having a stage of
39.3 feet at the USGS Fargo streamgage (which is no longer considered best available data by the Corps
and therefore would not be used for certification by USACE), USACE would not certify the proposed
levee system since the tie-in elevation will not meet Corp’s risk and uncertainty criteria.
The preliminary FEMA 1-percent annual chance floodplain and area protected by Phase 1 are shown in
Figure 5.
2.3.2 Interior Drainage Analysis
The construction of the El Zagal levee represents a very minor modification to the existing interior
contributing drainage area. Only the area immediately adjacent to the levee, which currently drains
directly onto the golf course, will need to be intercepted and routed to the existing storm sewer. The
culvert through the levee adjacent to the Shriners, which currently conveys runoff through the existing
levee, only drains the area adjacent to the building. This will be replaced and a new gatewell
constructed as part of Phase 1.
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In 2012, the city of Fargo installed a storm water pump station with 2-16” vertical shaft pumps, each
with a capacity of approximately 5,500 GPM. These pumps discharge interior water when the 60”
gravity discharge pipe is blocked by high tailwater from the Red River. Currently, the pump station
discharge is conveyed to the east, under the proposed Phase 1 levee footprint, through a 16” Fusible
PVC (FPVC) pipe. The 16” FPVC pipe was sliplined into an existing 43” (inside diameter) segmented block
pipe with gunited liner, which is a remnant from when city of Fargo had a combined sanitary and storm
sewer system. An 18” FPVC gravity sanitary sewer pipe was sliplined into the same existing 43” gunited
lined pipe until a splitting at a water tight vault structure just west of Elm Street, where the sanitary
sewer turns north and continues under the Ridgewood Flood Control Project and the storm sewer
continues to the Red River. When the sliplining of the two FPVC pipes was completed, the remaining
area within the 43” gunited lined pipe was filled with lightweight concrete.
Since USACE policy does not allow for a storm force main beneath the levee, a new 24” force main will
be built with Phase 1. The 24” pipe size will have lower velocities than the current 16” FPVC, which will
decrease head loss due to friction. The new force main will be a ductile iron pipe that will pass up
through the levee freeboard. Once the pipe is through the levee section, the 24” ductile iron pipe will
change to a 24” PVC pipe that will continue east across the golf course and discharge into the existing
vault structure. The existing 16” FPVC will be filled with non-shrink cement based grout and abandoned.
The new force main will have a 24” duck bill check valve inside of the vault structure to prevent any
backflow from the Red River, as well as a check valves and plug valves near the pump station. The
existing pump station has a sluice gate on the 60” gravity line to prevent water from backing into the
storm sewer system, providing additional redundancy. Details about the new 24” storm force main can
be found in Attachment 1.
The existing gunited pipe is shown at station 16+58 on the Phase 1 Construction Drawings found in
Attachment 1. The top of the pipe is approximately 17’ beneath the existing ground at the proposed
levee centerline and 11’ beneath the inspection trench. Record drawings for the pump station, which
include the sliplining project, are provided in Attachment 2. A complete interior drainage analysis of
gravity outfall conditions and coincident rainfall during blocked gravity flow is included in Appendix C.
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Figure 5 – Phase 1 Floodplain Map
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3. Levee Design
3.1 Levee
As mentioned earlier, Phase 1 will consist entirely of earthen levees . The top width is 10 feet, with
3H:1V slopes, except for the river side of the levee around the Shriners’ building which will have 4H:1V
slopes, and at the new clubhouse location where the dry side slope will tie back into the existing ground
to ensure drainage away from the levee. When the clubhouse is built in 2015, the finished floor
elevation will be approximately 903.0’, so the dry side will be elevated just above the levee crown to
ensure proper drainage is maintained. The top of levee elevation is 902.4 feet. As mentioned in the
Geotechnical Evaluation Report in Appendix D.1, settlement will range from 2 to 6 inches. An allowance
for 6 inches of settlement was incorporated into the design top of levee elevation. Typical sections as
well as final design sections can be seen in the Phase 1 Construction Drawings found in Attachment 1.
As indicated above in Section 2.2, levee slope stability for end of construction, steady-state conditions,
and rapid drawdown are stable as designed. No additional modifications to the levee alignment and
levee dimensions are expected before construction.
3.1.1 River Side Drainage
The levee will be constructed adjacent to slopes that currently drain onto the golf course. Therefore,
drainage is adequate to take runoff from the river side of the levee onto the golf course, and ultimately
into existing catch basins outside of the project limits.
3.1.2 Interior Drainage
As referenced in Section 2.3.2 and shown on the Phase 1 Construction Drawings found in Attachment 1,
interior runoff that flows towards the levee will be intercepted and routed to existing storm sewer. A
complete interior drainage analysis of gravity outfall conditions and coincident rainfall during blocked
gravity flow is included in Appendix C.
3.1.3 Inspection Trench
An inspection trench will be constructed to City of Fargo Standard Specifications and as recommended
in the Geotechnical Evaluation Report in Appendix D.1. The trench will be the height of the levee fill with
a minimum depth of 3 feet and a maximum depth of 6 feet in order to expose or intercept any
undesirable underground features. The inspection trench will be a minimum of 4 feet wide on the
bottom, but must be wide enough to accommodate the contractor’s compaction equipment. The
trench is located directly under the centerline of the levee. If warranted, the inspection trench may be
made larger as needed in the field based on the findings. Side slopes shall be 1H:1V or flatter and shall
be determined by the contractor. It is recommended that groundwater should be removed from the
trench. The trenches should be backfilled in accordance with the specifications of the Geotechnical
Evaluation Report.
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4. Civil-Site
4.1 Plans, Specifications, and Bid Schedule
Phase 1 levee plans will adhere to City of Fargo Standard Specifications except for a minor modification
to Section 2000 as recommended in Section C.3.b of the Geotechnical Evaluation Report in Appendix
D.1. Any items not listed in the Standard Specifications are noted in the Special Instructions to Bidder
sheet in the construction drawings. Structural details and construction notes are also included in the
construction drawings. Structural calculations for the gatewells associated reinforced concrete pipe
through the levee at the new gatewells are included in Appendix F.
The current Standard Specifications for the project can be accessed and downloaded at
http://www.ci.fargo.nd.us/CityInfo/Departments/Engineering/ConstructionSpecifications/.
As mentioned earlier, the current Phase 1 Construction Drawings can be found in Attachment 1. The
current bid schedule can also be found in Attachment 1.

4.2 Work Limits/Real Estate
Work limits including temporary easement areas and temporary stockpile locations are shown on the
Phase 1 Construction Drawings in Attachment 1.
Permanent easements will be acquired from the Shriners and the Fargo Park District for the levee
footprint plus a 15 foot clear zone on each side. Since the new clubhouse will be constructed at a
slightly higher elevation than the top of levee elevation, it was determined that a permanent easement
will be acquired within 15’ of the levee crown and the building will be a minimum of 25’ away for the
levee crown.

4.3 Demolition
Due to levee construction and clear zone requirements, approximately 69 trees will be removed as part
of Phase 1. Other demolition includes sidewalk removal, existing fence removal, landscaping removal,
and removal of the existing levee and associated 15” RCP near the Shriners’ building. Removal items are
included in Section 040 of the Phase 1 Construction Drawings found in Attachment 1.

4.4 Utility Information
All known utilities were surveyed and are shown on the Phase 1 Construction Drawings found in
Attachment 1.
As discussed in Section 2.3.2, the existing 16” FPVC storm sewer force main, which was sliplined
adjacent to an 18” FPVC gravity storm sewer line within a 43” gunited lined pipe, will be abandoned and
a new 24” pipe will be installed through the levee freeboard. Although it would be desirable to add a
gate valve or other means of closure to the 18” FPVC gravity sanitary line on the river side of the levee,
there are significant constructability issues with adding a gate. After speaking with several pipe
suppliers and contractors, it was determined that it is not possible to remove all of the concrete from
the 43” gunited lined pipe to expose the 18” FPVC and install a gate without ruining the pipe, in which
case a valve could not be installed. In-line check valves were also investigated, but available valves are
El Zagal Area Flood Risk Management – Phase
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only rated up to 20 feet of back pressure, and the sanitary sewer could experience up to 29 feet of back
pressure if it were somehow inundated during the design event. Due to these concerns, the City worked
with USACE engineers to assess the sanitary line’s current conditions. Since the existing pipe is a gravity
line installed inside of a brick sewer and encased in concrete, discharges into a water tight vault with
waterproof bolt down hatches, and has a sluice gate closure available on the landward side of the levee,
it was determined that it is acceptable to leave the 18” FPVC gravity sanitary line in place as-is.
The only other utility that must be relocated is overhead electric located adjacent to 14th Avenue North.
Currently there are two poles in the 15 foot clear zone and associated guy wires that are currently in the
levee footprint. These poles will be removed, and the overhead electric lines will be relocated and
buried on the south side of 14th Avenue North by Xcel Energy prior to construction of the project.
Since a portion of the overhead electric that is proposed to be buried will cross the proposed Phase 2
earthen levee footprint, the Phase 2 footprint will be staked during the relocation and any underground
utility lines beneath the proposed footprint will be installed according to the Memorandum for Record
concerning utility relocations for the FM Metro Area Flood Risk Management Project. This MFR is
included in Appendix M.1. Documentation of this relocation will be included in the Design
Documentation Report for Phase 2.

4.5 Golf Course and City Infrastructure
When Phase 1 was being developed, it became apparent that earthen levees were preferred over
floodwalls due to significant cost savings. The earthen levees have a larger footprint and clear zone
requirement than floodwalls, which means that the existing clubhouse, greens, and tee boxes on the
existing golf course will be impacted or completely obstructed. The city of Fargo came to an agreement
with the Fargo Park District for the realignment and drainage improvements of the golf course. The Park
District has hired Gill Design, Inc. to design the golf course modifications. The designer is aware of levee
clear zone requirements. Additionally, any irrigation near the levee will be accommodated by sprinkler
heads and irrigation lines located outside of the 15 foot clear zone. The bid package for the golf course is
set to be ready for bidding in the fall of 2014 with construction to begin in October of 2014.
Since no modifications will be made to the existing levee parallel to the Red River along Elm Street on
the east side of the golf course, the golf course will continue to flood when the river rises above RS 33’
and overtops the east levee. To assist the golf course with their drainage, the City is incorporating two
tie-in locations for golf course drains to the existing 60” RCP gravity storm sewer that runs from west to
east across the golf course, as well as a PTO driven pump station on the 60” RCP on the east levee to
evacuate static floodwaters from the golf course once the river drops below RS 33’. This will allow the
golf course to drain much more efficiently and open sooner after large flood events. The 8,000 gpm
Crisafulli pump that is shown in the Phase 1 Construction Drawings will empty the course in just under
four days, assuming no additional inflows. These features have no flood risk reduction benefits or any
other association to the levee project, but they will be constructed with Phase 1.
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5. Clear Zone
As discussed earlier, a 15 foot minimum clear zone / Vegetative Free Zone from the each levee toe will
be enforced as defined in ETL-1110-2-571 [6]. All disturbed areas will be seeded as per City of Fargo
Standard Specifications for turf establishment. This area will be acquired by permanent easement.

6. ENVIRONMENTAL/PERMITTING
There are no federal permits required for this project. State and local permits pertaining to
construction, sediment and erosion control, floodplain management, and any others will be obtained by
the City of Fargo.
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