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1

INTRODUCTION

The Fargo-Moorhead Area Diversion (FM Diversion) Project consists of a 30 mile long diversion channel with a 6
mile long connecting channel extending from the Red River to the diversion inlet. 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. In addition, the project includes a series of flood control improvements
(referred to as Red River Levees) that were added to allow containment of residual flood flows that would be
conveyed through the protected area. The post project residual 1% flood stage at USGS Gage 05054000, Red River
of the North at Fargo (Fargo Gage) will be approximately River Stage 35 (RS35). This will be reduced significant
from the existing conditions 1% flood stage of approximately RS42.1, based on the latest FM Diversion Unsteady
HEC-RAS modeling efforts (Phase 7.0, March 28, 2013, with full emergency protection measures in place).
Specifically, this report describes the preliminary design associated with the 2nd Street/Downtown Fargo Reach of
the Red River Levees component.

1.1

STUDY AREA AND LOCATION

The cities of the Fargo-Moorhead community straddle the North Dakota-Minnesota border, as shown in Figure 1.
The metropolitan area is located along the Red River of the North between its confluences with the Wild Rice River,
and the 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.
This report is intended to provide preliminary design information associated with the 2nd Street/Downtown Fargo
Reach of the Red River Levees that generally includes the area between the existing railroad embankment near 5th
Avenue North and the north end of the existing 4th Street Levee located near 2nd Street South. A map showing the
general area included in this report is shown in Figure 2.
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Figure 1 – Fargo Moorhead General Project Map

Figure 2 – Project Location Map
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1.2

BACKGROUND

Houston-Moore Group prepared a report entitled “Final Technical Memorandum AWD-00002 – Flows Through
Flood Damage Reduction Area” in July 2012. Since completion of this report, the Diversion Authority has selected
the residual flood stage of RS35’ to be incorporated into the project design. At RS35’, there are several flood
control measures within the flood damage reduction area that would need to be implemented or enhanced as detailed
in the report. These have since become referred to as the “Red River Levees” component of the overall project.
The most extensive reach of these would occur in the 2nd Street/Downtown Fargo area. This is essentially the area
between the existing railroad embankment near 5th Avenue North and the north end of the existing 4th Street levee
(near 2nd Street South).
Flood risk and past placement of emergency protection measures within the 2nd Street/Downtown Fargo area is well
known and documented. Because of the location of the downtown businesses and related infrastructure, emergency
flood protection implementation along 2nd Street requires emergency action at a river stage of approximately 24-ft if
the river is forecasted to rise above a river stage of 31-ft. To protect this area, 2nd Street must be closed, traffic rerouted, traffic lights removed and emergency clay imported to construct emergency levees. Due to geotechnical
stability concerns, this emergency clay levee placement must be closely timed with the rise of the river and removed
as the river recedes. Major spring flooding resulting in emergency levee construction along 2nd Street has occurred
in 1969, 1975, 1978, 1979, 1989, 1997, 2001, 2006, 2007, 2009, 2010, 2011 and 2013. Each event results in
substantial implementation, inspection, removal, and cleanup costs.

1.3

SCOPE OF ANALYSIS

Design of this reach of the Red River Levees will be completed in two phases. Phase 1 generally includes the
screening of alternatives, selection of alignment, and preliminary design for the identified reach. Phase 2 will
include the development of the detailed plans and specifications for the selected plan.
This report presents the results of Phase 1 of the design. This was intended to provide an approximately 35% level
design.

Items included in Phase 1 included: Development of Alternatives, Public Involvement, Surveying,

Geotechnical Exploration and Testing, Preliminary Geotechnical Analysis, Preliminary Hydrologic and Hydraulic
Analysis, Preliminary Internal Flood Control Analysis, Preliminary Utility Investigation, Preliminary Levee and
Structural Design, Transportation Evaluation, Preliminary Environmental Studies, Preliminary Report and
Drawings, and Project Management.
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1.4

PROJECT FEATURES – LEVEL OF PROTECTION

Because of the frequency of potential risk in this area and the anticipated timing of other components of the FM
Diversion Project, it was requested by the Diversion Authority that preliminary design of the flood control features
in this area be completed to a higher level of protection in order to provide interim protection until the overall
project is fully operational. As a result, the level of protection has been established to be consistent with other ongoing interim flood protection projects with the city of Fargo. Consequently, all proposed floodwalls were designed
to have a top of protection elevation at RS39.5’+5.5’. Earthen levees were designed to have a top of protection
elevation at RS39.5’+4’. The added elevation of 5.5’ and 4.0’ on the floodwalls and earthen levees, respectively,
was included to provide appropriate freeboard similar to other on-going city of Fargo protection projects. The
proposed levees and floodwalls will tie into natural ground at RS39.5.

2

ALTERNATIVE ALIGNMENTS

2.1

ALTERNATIVES CONSIDERED

Early in this evaluation a series of alternatives for providing flood protection in this reach were considered. In
addition to Options 1 and 2 as presented in the “Final Technical Memorandum AWD-00002 – Flows Through Flood
Damage Reduction Area” in July 2012, 3 other options (Options 3, 4, and 5) were developed for the 2nd St. N. area
(north of Main Avenue) in Fargo. These options were shown in the Red River Levees – In Town Levees – Phase 1,
Task 1 Summary Technical Memorandum dated February 4, 2013. A copy of this Technical Memorandum along
with maps of each alternative concept is included in Appendix A. The following is a summary of the alternatives
considered:

2.1.1

ALTERNATIVE OPTION 1

This option was created to allow 2nd Street to remain open during a flood event. This option included realigning 2nd
Street to the west to accommodate construction of a floodwall between the river and the roadway. Under this
Option, the top elevation of the proposed floodwall was set at RS35’+4’. This option would include the acquisition
of several properties north of 1st Avenue North including the Feder Realty Company building, the Howard Johnson
Hotel, and the Fargo Board of Public Education building. This option also included the acquisition of the Park East
Apartments to remove that property from the proposed RS35’ floodplain, however no additional protection measures
would be constructed on the apartment property under this option.
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2.1.2

ALTERNATIVE OPTION 2

This option would leave the 2nd Street alignment in its current location. A proposed floodwall would be constructed
on the western edge of the street for flood protection to an elevation of RS35+4’. A series of four removable
floodwall closure structures would be required at 1st, 3rd, and 5th Avenues along 2nd Street to allow for continued
traffic flow. This option would also require the Fargo Board of Public Education building to be acquired to allow
for construction the proposed floodwall and for the acquisition of the Park East Apartments to remove that property
from the proposed RS35’ floodplain. No additional protection measures would be constructed on the former
apartment property under this option.

2.1.3

ALTERNATIVE OPTION 3

This option was essentially the same as Option 1 with the exception of the area near the Howard Johnson Hotel.
Under this option, the hotel and parking lot of the Howard Johnson Hotel would remain as is, but the attached
restaurant/bar would be acquired to allow for the proposed relocation of 2nd Street and associated floodwall.

2.1.4

ALTERNATIVE OPTION 4

This option was similar to Option 1 in that it included realigning 2nd street to the west to accommodate construction
of a floodwall between the river and the roadway. However, under this option, the top elevation of the proposed
floodwall was set to RS39.5’+5.5’. The City of Fargo requested this floodwall elevation to provide the downtown
area with interim flood protection until the diversion is completed and operational. It also helps provide flood
protection for events larger than a 100-yr event after the diversion is complete. This option would include the
acquisition of several properties north of 1st Avenue North including the Feder Realty Company building, the
Howard Johnson Hotel, and the Fargo Board of Public Education building. In order to provide minimum protection
to RS39.5’, this option would extend protection through the Case Plaza parking lot using a combination of
permanent and removable floodwall constructed throughout the parking lot. This option also includes the acquisition
of the Park East Apartments to allow for the construction of an earthen levee across the property.

An additional

floodwall would then also be constructed to connect this levee to the north end of the existing 4th Street Levee near
2nd Street South.

2.1.5

ALTERNATIVE OPTION 5

This option is essentially the same as option 4. However, the proposed floodwall in the Case Plaza would be
constructed entirely of removable floodwall instead of a combination of permanent and removable proposed under
Option 4.
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2.2

ALTERNATIVE CARRIED FORWARD

Following completion of the Red River Levees – In Town Levees – Phase 1, Task 1 Summary Technical
Memorandum dated February 4, 2013, the concepts of Option 5 were chosen by the City to move forward for further
development and design. However, it was recognized that the details of this option were subject to change based on
additional design constrains, geotechnical stability results, and public/landowner involvement as the project
progressed.
This decision was based on a series of considerations listed below:
•

Desire on behalf of the City of Fargo to have the line of protection extend from NP Avenue to the BNSF
Railroad Grade. Only Options 4 and 5 accomplish this.

•

Desire on behalf of the City of Fargo to maintain traffic on 2nd St. N. (north of Main Avenue) during flood
events. Options 1, 3, 4, and 5 accomplish this.

•

The owner of the Northland Hospitality (Howard Johnson) structure expressed a desire to be a partial
acquisition rather than a full acquisition. The final decision on whether the property is a full acquisition or
a partial acquisition will be worked out during the land acquisition process. Options 2, 3, and 5 accomplish
this.

As additional site details were collected, the selected alternative was modified and renamed as Option 5B. The
designation of Option 5B was intended to indicate the change of the proposed floodwall in the Case Plaza parking
lot to a fully permanent floodwall. In order to accommodate this, the existing parking lot owned by Mid-America
Steel Corporation would be abandoned, re-graded and converted to open green space. A map showing the general
features of Option 5B is included in Appendix B.

3

PUBLIC INVOLVEMENT

During this preliminary phase of project development only limited public involvement was completed. This was
primarily limited to communication and coordination with the affected property owners in order to obtain Access
Agreements for the purposes of data collection (i.e. survey, environmental reviews, geotechnical explorations,…).
Access agreements were obtained from all directly impacted properties.
In addition, a separate meeting was held with representatives from the Howard Johnson Property (Northland
Hospitality, LLC) at which time they expressed a desire to preserve the hotel property even if the restaurant/lounge
area could not be avoided.
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4
4.1

DESIGN DATA
SURFACES AND TOPOGRAPHIC SURVEY

Light Detection and Ranging (LiDAR) data and ground surveys performed by Merrick and Company in May 2011
were used for the existing topographic data in the design and drawings. The coordinate system and projection of the
existing condition data is NAD83 (1986), Fargo Ground Coordinate System (U.S. Survey Feet). The elevation
datum for the existing condition data is NAVD88 (U.S. Survey Feet).
In addition, a comprehensive field topographic survey of the project area was also conducted by HMG for use in
conjunction with the LiDAR data. This survey was completed between Dec. 2012 and May 2013. This survey
included elevations, utility location, landscaping, buildings, streets, and other surface features that were visible.

4.2

EXISTING UTILITIES

Due to the urban location and overall magnitude of this project, significant public and private utility impacts are
anticipated. As a result, an inventory of existing utility infrastructure was completed early in Phase 1. This
inventory included the review of existing documentation and field survey of public infrastructure (i.e. storm,
sanitary, and water) location.

In addition, early consultation and coordination was undertaken with owners of

private utilities. A summary of these efforts is presented in the following sections.

4.2.1

PUBLIC UTILITIES

Early coordination with the city of Fargo was completed in order to obtain the most recent information regarding the
location of existing public utilities from the City of Fargo GIS database. This database information provides the
general location of the existing utilities however is of limited accuracy. As a result, a field survey was also
completed within the project areas to validate the actual location of these lines. The field surveyed locations are
included on the Preliminary Project Plans included in Appendix C.

4.2.2

PRIVATE UTILITIES

An early coordination effort was undertaken with the private utility owners having services in the area of the
proposed project. A detailed summary of the findings of this effort are included in Appendix D. The following
provides a shortened summary of the coordination findings.
In February 2013 representatives from HMG met with private utility representatives to discuss utility locations
within the project reach. During this meeting, an overview of the project was presented and existing utility maps
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were reviewed by each company representative. Preliminary utility conflicts were identified and preliminary
relocation requirements and issues were discussed. The utility owners in attendance included: 702 Communications,
AT&T, Cable One, Dakota Carrier Network, Enventis(Ideaone), Midcontinent Communications, Viking Gas
Transmission, Xcel Energy. Century Link was not in attendance for the initial meeting, but separate coordination
was completed following the meeting.
Following the private utility coordination meeting, HMG obtained existing utility maps from each of the companies
that identified utilities in or adjacent to the project corridor. The information from the various utility companies was
then combined on a series of Utility Inventory Maps to assist in determining preliminary relocation requirements
and issues.

4.3

AS-BUILT DRAWINGS

As-built drawings for past city projects (street, utility, bridge,…) within and adjacent to the project corridor were
obtained from the city of Fargo. This information was used to verify the location of existing facilities and to better
understand the public utility system. The as-built drawings were provided by the City of Fargo in scanned format.

4.4

HYDROLOGY – INTERIOR DRAINAGE

During the Feasibility Study for the project, an InfoSWMM model of the existing City of Fargo stormwater system
for this area was developed by Houston Engineering, Inc. The details of this modeling effort were included in a
September 22, 2011 report entitled SWMM Stormwater Modeling, Fargo-Moorhead Metro Flood Risk Management
Project, Feasibility Study, Phase 2. InfoSWMM is a rainfall-runoff model for single or long-term events and is used
primarily to assess existing systems or for the design of improvements and new stormwater systems. The model is
used to estimate runoff quantity and quality from urban areas. InfoSWMM is a version of EPA’s SWMM (Storm
Water Management Model) and has the advantages of a GIS technology interaction.
The models were previously developed using synthetic rainfall events. The synthetic rainfall events came from the
NOAA/NWS Technical Paper No. 40 – Rainfall Frequency Atlas of the U.S. for Durations from 30 minutes to 24
hours and Return Periods from 1 to 100 years. The synthetic storm return periods considered included the 2-, 5-, 10, 25-, 50-, and 100-year. These have since been updated as part of this study based on the Midwest Climate Center
Bulletin 71 – Rainfall Frequency Atlas of the Midwest 1992.
Information from these modeled served as the basis for the project design. The later sections on Interior Drainage
will provide additional details the proposed project hydrology.
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4.5

HYDRAULICS – RED RIVER OF THE NORTH

Defining the hydraulics through the project area can be complex. This portion of the Red River Levees has
accounted for base flood elevations under existing conditions as well as with the FM Diversion Project in place.
Using the latest FM Diversion modeling efforts (Phase 7.0), the existing condition 1% chance event water surface
elevation at the Fargo Gage is 42.1 feet. With the FM Diversion operation implemented, the 1% chance event water
surface elevation at the Fargo Gage would be reduced to 35 feet. Because the actual FM Diversion completion date
is uncertain, the City of Fargo has planned to construct this portion of the Red River Levees to meet certification
requirements per the recent Preliminary Federal Emergency Management Agency (FEMA) Digital Flood Insurance
Rate Map (DFIRM) released in July 2012. The river stage of the preliminary DFIRM at the Fargo Gage is
approximately RS 39.5 feet. This mapping is expected to become effective in 2014 which is before the FM
Diversion Project will be fully operational.
As a result, hydraulic information obtained from the Preliminary DFIRM was utilized in the project design with the
appropriate freeboard, however the proposed Red River Levees were also evaluated using the existing condition
water surface elevation determined in the FM Diversion modeling efforts (42.1 feet, Phase 7.0).

4.6

4.6.1

GEOTECHNICAL EXPLORATION AND TESTING

PREVIOUS USACE SOILS EXPLORATION

In 2009, four soil borings with split-spoon and thin-wall Shelby tube sampling, as well as one cone penetration test
(CPT) sounding, were completed for the US Army Corps of Engineers (USACE) in the vicinity of the project site.
The results of the 2009 borings and soundings were used to supplement the following analysis.

4.6.2

GENERAL SUBSURFACE CHARACTERIZATION

Early in the preliminary design a geotechnical exploration and testing effort was undertaken to provide subsurface
characterization within the project area. The purpose of the effort was to obtain additional subsurface geologic and
hydrologic information, through field exploration, instrumentation, monitoring, and laboratory testing. This effort
was completed by Braun Intertec Corporation. The findings of this effort were summarized in a March 28, 2013
report entitled Subsurface Characterization Report, F-M Metro Flood Risk Management Project, 2nd Street North
to the Amtrak (BNSF Railroad) Line and 2nd Street South past Main Avenue to the 4th Street South Levee, Fargo,
North Dakota. A complete copy of this report is included in Appendix E.
In general, this effort involved document review, field reconnaissance, exploratory borings, vibrating wire
piezometer installation/monitoring, and sample review/laboratory testing.
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As part of the exploratory borings, two borings (ST-1 and ST-2) were located on the west and east sides of 2nd
Street, respectively, near the intersection of 3rd Avenue North. Two additional borings (ST-4 and ST-3) were
similarly located near the intersection of 1st Avenue North. A fifth boring (ST-6) was located south of 2nd Street
South, across the street from the Park East apartments.
Borings ST-1 and ST-2 were extended to a depth of 96 feet. Borings ST-3, ST-4 and ST-6 were extended to a depth
of 101 feet. Standard penetration resistance testing was performed at 2 1/2-foot intervals to the 50-foot sample
depth, and at 5-foot intervals below that depth.
Vibrating wire piezometers were installed in companion boreholes to Borings ST-3 (at depths of 30 and 85 feet),
Boring ST-4 (at 30 and 80 feet), and Boring ST-6 (at 30 and 70 feet). Each piezometer was connected to an
electronic logging device that gathered data at 1/2-hour intervals. Data from the loggers were downloaded four
times between January 16 and March 8, 2013.
The standard penetration resistance, thin-walled tube, and bulk samples gathered from the borings were visually
classified and logged. Laboratory tests included moisture content, Atterberg limits, unit density measurements,
particle size gradations (including sieve and hydrometer), unconfined compression, consolidated-undrained (CU)
triaxial shear with pore water pressure measurements, hydraulic conductivity, and one-dimensional consolidation
tests with time-rate of consolidation measurements. The test results are included in the full report in Appendix E.

4.6.3

ADDITIONAL LABORATORY TESTING

Additional torsional ring shear tests in accordance with ASTM D6467 were performed by Soil Engineering Testing
(Richfield, MN) to determine the fully-softened and residual drained shear strengths of Sherack and Brenna
Formation samples.

The results of these analyses are included in the June 2013 report completed by Barr

Engineering Company entitled Fargo In-Town Levee/Floodwall Geotechnical Analysis Report, Fargo-Moorhead
Metro Flood Risk Management Project. A complete copy of this report is included in Appendix F.

4.7

PRELIMINARY GEOTECHNICAL ANALYSIS

Using the geotechnical exploration and testing results described above, a Preliminary Geotechnical Analysis was
completed by Barr Engineering. The purpose of this analysis was to evaluate the seepage characteristics and slope
stability within the project area such that the adequacy of the proposed levee/floodwall set-back distances could be
established. The analysis also evaluated the potential for settlement of the proposed levees and provided foundation
bearing capacity information for the design of the floodwalls. The full results of these analyses were included in the
June 2013 report completed by Barr Engineering Company entitled Fargo In-Town Levee/Floodwall Geotechnical
Analysis Report, Fargo-Moorhead Metro Flood Risk Management Project. A complete copy of this report is
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included in Appendix F.

4.7.1

EVALUATION METHODS

The seepage conditions and slope stability of the levee embankment, foundation, and riverbanks were analyzed with
software created by GEO-SLOPE International Ltd. Six cross-sections extending from the North Dakota side of the
Red River of the North to the Minnesota side were analyzed. These cross-sections were selected because they were
deemed representative based on their respective locations along the riverbank and were investigated during the field
exploration. Soil stratigraphy was based upon the boring logs and laboratory testing results from the geotechnical
investigation performed by Braun Intertec, as well as existing soil data from the 2009 investigation performed by the
USACE.

4.7.2

SEEPAGE ANALYSIS

The seepage exit gradient results were computed using three cross-sections. USACE, EM 1110-2-1901, “Seepage
Analysis and Control for Dams.” states that a hydraulic gradient less than 0.5 is acceptable. The computed exit
gradients were found to be 0.09-0.39 which is less than the USACE requirement at each of the levee and floodwall
cross-sections analyzed.

Additionally, excessive uplift pressures are not anticipated due to the generally

nonstratified and impervious nature of the levee and floodwall foundation soils.

4.7.3

SLOPE STABILITY ANALYSIS

The main objective of the slope stability analysis was to evaluate the stability of the riverbanks under static
conditions to ensure the proposed levee/floodwall set-back distances are adequate. To evaluate the slope stability of
the proposed levee embankments, the methodology contained in Section 6.5 of USACE EM 1110-2-1913, “Design
of Levees” was used. This manual outlines the following analyses:
•

Case I: End of Construction

•

Case II: Sudden Drawdown

•

Case III: Steady-State Seepage from Full Flood Stage

•

Case IV: Earthquake

Case IV (Earthquake) was not examined as part of the analysis due to the very low rate of seismic activity in this
area.
USACE EM 1110-2-1913, requires that during long-term, steady-state seepage under normal river conditions, a
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minimum factor of safety of 1.5 is typically recommended. A minimum factor of safety of 1.4 is recommended
during long-term, steady-state seepage under flood river conditions. For end-of -construction conditions, a factor of
safety of 1.3 is recommended. The recommended factor of safety for sudden drawdown analyses ranges from 1.0 to
1.2.
The proposed project levee embankments were found to meet or exceed minimum factor of safety requirements at
the analysis locations. Details of the evaluation results are included in Appendix F.
Because these cases are only applicable for the analysis of embankment soils and embankment foundation soils, the
USACE methodology contained in EM 1110-2-1913 was not used to evaluate the floodwall and floodwall
foundation soil stability. Instead, the critical, or controlling, factor of safety for the proposed floodwall crosssections was evaluated through a set-back analysis methodology, which investigated the potential global slip
surfaces. Details of this evaluation are included in Appendix F.

4.7.4

SETTLEMENT ANALYSIS

Settlement analyses were performed for the proposed levees and floodwalls. The analyses were conducted using
SIGMA/W, part of the GeoStudio 2012 package, to estimate the amount of anticipated settlement of the levee crest
and the floodwall. Construction of the proposed levee embankment is expected to result in approximately 2.1 to 3.3
inches of consolidation settlement at the levee crest for the cross-sections analyzed. Construction of the proposed
floodwall is expected to result in consolidation settlements ranging from 0.3 to 0.6 inches.
Details of the evaluation results are included in Appendix F.

4.7.5

FOUNDATION BEARING CAPACITY

The proposed floodwall, and its associated spread footing, would bear on the Sherack Formation. For the purpose of
this bearing capacity calculation, Sherack Formation material parameters were used because it was assumed that a
bearing capacity type failure would occur only within this upper formation.
The results of the bearing capacity calculations were shown below in Appendix F and were utilized during the
preliminary floodwall design.

5

PRELIMINARY PROJECT DESIGN

The intent in this Phase 1 Preliminary Project Design was to provide approximately 35% level of design. As a
result, the preliminary project design included only major project features. These features included transportation,
demolition/corridor preparation, flood control, interior drainage, and the evaluation of related potential hydraulic
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and environmental impacts. The following sections provide preliminary design summaries for each of the major
project features.

5.1

TRANSPORATION EVALUATION

Due to geotechnical concerns along the Red River in the area from 1st Avenue North to the existing BNSF railroad
underpass, it was determined that relocation and reconstruction of 2nd Street in this area would be necessary as part
of the selected alternative. To determine the appropriate reconstruction configuration, HMG completed a traffic
operations summary for the proposed 2nd Street realignment reach. A copy of the finding of this analysis is
included in Appendix G.

5.1.1

ROADWAY ALIGNMENTS

As part of the 2nd Street realignment, a series of reconstruction configurations were evaluated. In developing this
configurations, consideration was given to reducing the number of through lanes to better fit with proposed roadway
improvements along 2nd Street from Main Avenue to 1st Avenue that are being implemented as part of a separate
City of Fargo Main Avenue Corridor Enhancement. In addition, the ongoing NP Avenue/1st Avenue conversion
from one-way pairs to two-way operations was also considered. To establish a baseline condition in which the
proposed alternative can be compared, the existing conditions were also reviewed.
Results of the operations analysis included the study of all intersections to evaluate expected Level of Service (LOS)
during the a.m. and p.m. peak hours. This evaluation was completed for both the current and projected 2035 traffic
levels.
The selected configuration was provides for 1 north-bound and 1 south-bound lane through the relocated roadway
section with a continuous center turn lane. Additional details of the analysis are included in Appendix G.

5.1.2

RAILROAD COORDINATION

Early coordination meeting was also completed with representatives from Burlington Northern Santa Fe Railroad.
Only limited impacts to the BNSF property is expected since the 2nd Street realignment will not require
modifications to the BNSF bridge/underpass near 5th Avenue North. Coordination with BNSF will however be
required for the placement of the floodwall in the areas just southeast of the underpass and modifications to the
existing retaining wall on the west side of the bridge that is tied into the bridge abutments.
A service vehicle opening was included in the proposed floodwall near 4th Avenue North to allow maintenance
vehicles and equipment continued access to the railroad property on the wet-side of the floodwall.
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5.1.3

PEDESTRIAN IMPACTS

In order to ensure continued pedestrian access in the project area, sidewalks and bike trails impacted by the project
will be reconstructed as part of the project.

In addition, two proposed pedestrian/bike trail openings were

incorporated in the floodwall near the locations of 3rd and 4th Avenues North to provide access from the downtown
area to the river corridor.

5.2

DEMOLITION AND CORRIDOR PREPARATION

Prior to completing the project construction, significant building demolition and corridor preparation would be
required. This would include removal of roadway surfacing, private and public utilities, trees and other vegetation,
parking lots and other miscellaneous facilities. In addition, unsuitable and contaminated subsurface material would
also need to be removed from the project corridor.

5.2.1

ACQUISITION/RELOCATION REQUIREMENTS

Several property acquisitions would be required to implement the proposed project. Acquisitions were proposed on
properties where existing improvements (i.e. buildings, parking lots,...) would need to be completely removed to
allow for construction of the project. A summary of these are provided below:
Table 1 – Proposed Property Acquisitions
Property Identification
Number
01-1540-01500-000

Owner

Address

Special Notes

Fargo Public School District 1

419 3rd St N

Warehouse Facility

01-2160-00080-000

Feder Realty Co

203 4th Ave N

Only east building

01-2160-00060-000

Northland Hospitality

301 3rd Ave N

Only restaurant/lounge

01-1540-01110-000

Mid America Steel

01-2112-00050-000

Park East Apartments

93 Northern Pacific
Ave N
1 2nd St S

Parking Lot near Case
Plaza
Apartment Complex

Additionally, right-of-way acquisition would be required from a number of other parcels to allow for construction of
the project. Table 2 provides a summary of these acquisitions.
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Table 2 – Right of Way Acquisitions
Property Identification
Number

Owner

Address

Special Notes

01-2160-00090-000

Burlington Northern Santa FE

475 2nd St N

Open property/Storage

01-1540-01120-000

Park District of the City of Fargo

101 2nd St N

Park Area

01-2160-00100-000

Park District of the City of Fargo

345 2nd St N

Park area

01-1540-01090-000

Case Plaza, LLC

Parking Lot Impacts

01-2112-00060-000

Fargo Housing Authority

117 Northern Pacific
Ave N
101 2nd St S

Access/parking impacts

01-2112-00030-000

Park District of the City of Fargo

100 Main Ave

Park Area

01-2112-00070-000

Professional Associates, LLC

100 4th St S

Access/parking impacts

5.2.2

REMOVALS

Prior to completing the project construction, removal of roadway surfacing, private and public utilities, trees and
other vegetation, parking lots and other miscellaneous facilities will required from within the project corridor. The
locations of these removals area shown in the Preliminary Project Drawings included Appendix C. The estimated
removal quantities were measured and included in the project opinion of probable costs.

5.3

FLOOD CONTROL FEATURES

The primary flood control features of this project will include a combination of concrete floodwalls, removable
closures and earthen levees. The preliminary designs of these features are described below.

5.3.1

FLOODWALLS

Concrete floodwalls were incorporated where there is inadequate space available to construct earthen levees along
the reach due to geotechnical concerns or other constraints. All concrete floodwalls were designed to have a top of
wall height set at RS 39.5+5.5’ to account for freeboard and uncertainty. This results in a constructed top of wall
elevation ranging from 905.80 at the existing railroad embankment near 5th Avenue North to 906.90 at the 4th Street
levee near 2nd Street South. The resultant exposed stem height would vary from 1.5 to 14.8, with an average height
through the reach of generally 7 to 10 feet.
The following sections provide general information on the floodwall designs. Additional details of the preliminary
design methods are included in Appendix H.
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5.3.1.1 DESIGN METHODOLOGY
The preliminary structural design of the floodwall sections were completed using the USACE design criteria set for
in USACE EM 1110-2-2104 - Strength Design for Reinforced Concrete Hydraulic Structures and EM 1110-2-2502 Retaining and Flood Walls.

The reinforced concrete T-walls were preliminarily sized based on strength and

stability. Slab and wall thickness was estimated by strength requirements and length of slab was based on stability
requirements.
Soil parameters were based on information obtained from laboratory testing/analysis described in Section 4.6 –
Geotechnical Exploration and Testing and Section 4.7 – Preliminary Geotechnical Analysis. Primary design soil
parameters area listed below:
•

Average wet unit density = 119 pcf

•

Effective Stress Friction Angle (φ) = 27⁰

•

Total Stress cohesion = 1,500 psf

•

Allowable Bearing Capacity (FOS =3) = 1,898 to 2,067 psf,

•

Ultimate Bearing Capacity = 5,693 to 6,200 psf

In order to be consistent with other on-going flood control projects in the city of Fargo, the walls were analyzed and
preliminary sizing assumed the top of wall may be raised one foot in the future. Thus for purposes of the analysis,
the top of wall was assumed to vary from 906.80 at the existing railroad embankment near 5th Avenue North to
907.90 at the 4th Street levee. In order to ensure adequate stability during the interim period until the diversion
project is fully operational, the walls were structurally sized assuming a 1% design flood level of RS42.1’. This
resulted in design flood elevation ranges from 902.9 at the existing railroad embankment near 5th Avenue North to
903.9 at the 4th Street levee.
It was assumed that the wall and footing will be constructed using air entrained structural concrete with a minimum
28 day strength of 4 ksi.
Additional details of the preliminary design methods are included in Appendix H.

5.3.1.2 ALIGNMENT
The alignment of the proposed floodwalls was established in order to ensure adequate geotechnical stability and also
to be compatible with the other project features (i.e. roadway alignments, parking lots, utilities,…). Three primary
areas of concrete floodwall were included.
The first segment would extend from the BSNF property on the north end of the property to 1st Avenue North. This
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segment would be approximately 1500 feet in length running approximately parallel with the realignment of 2nd
Street North. This segment would have two pedestrian and maintenance vehicle closures along the alignment.
The second segment would extend from 1st Avenue North to NP Avenue through the existing Case Plaza property.
This segment would be approximately 560 feet in length running approximately parallel with the realignment of 2nd
Street. This segment would be a solid segment without any openings. This segment of wall would connect to the
wall to the north with a removable closure crossing 1st Avenue North.
The third segment would extend from just north of the existing 4th Street Levee to the proposed earthen levee located
on the existing Park East Apartment property. This segment would generally run parallel along the north side of 2nd
Street South. This segment would be approximately 550 feet in length. This segment would provide two openings
for 2nd Street South and also for access to an adjacent commercial property.
The alignments were set to have a minimum of 80 foot straight sections, wherever possible.

5.3.1.3 GEOMETRY
The floodwalls were designed as cantilever T-type reinforced concrete floodwalls. The wall would consist of a
concrete stem and base slab which form an inverted “T” shape. The structural members would be fully reinforced to
resist expected moments and shears. Five different typical geometric sections of floodwall were included in the
preliminary design to accommodate variations in the existing ground surface elevations and resultant exposed
heights
The base was designed to be of sufficient width to ensure that the wall does not slide, overturn, settle excessively, or
exceed the bearing capacity of the foundation. Depending on anticipated exposed stem height, the base width is
expected to vary from 13 to 32 feet.
The USACE guidance requires that the bottom of the base be below the zone subject to freezing and thawing or
other seasonal volume changes. As a result, the top of footing elevation was chosen based on 5-feet minimum cover
from the ground elevation to the top of footing. Depending on required stem height, the footing thickness is
expected to vary from 18 to 30 inches, thus providing adequate depth to the base of the wall for seasonal variations.
Changes in the typical section would only occur where significant changes in existing topography exist in order to
minimize construction costs and for ease of constructability. Steps in the footing depth were only proposed where
the footing depth could be changed by at least 2 feet.
It was assumed the concrete form-liners would be utilized during the construction followed by staining and sealing
of the walls to provide additional aesthetics. Form liner patterns similar to those used on projects in other portions
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of the city of Fargo were included in the preliminary design for illustrative purposes. Additional evaluation in future
phases of the project development will likely result in the use of a different form-liner pattern and scheme.
Additional details of the preliminary design sections are included in the preliminary project plans in Appendix C.

5.3.2

REMOVABLE CLOSURES

Two pedestrian, three roadway, and one commercial property access opening would be required through the
proposed concrete floodwall reaches. In these locations, sections of removable floodwall would be incorporated to
provide for appropriate closure during flood events. The removable floodwall would consist of aluminum planks
that are erected before a flood event occurs. After the flood, the closure panels would be removed and stored. The
pedestrian openings proposed north of 1st Avenue North were also sized to provide adequate width to allow for
maintenance vehicles passage.
Each location would have bulkheads on each end to allow for the removable planks to be installed. A concrete
footing will be installed beneath the opening for the entire width. The footing would be constructed to have a gasket
in the sill to further prevent leakage. Where the width of opening would exceed 40-ft, vertical parting supports
would be incorporated and diagonal braces installed where heights exceed 6-ft. Vertical compression channels
would be added to allow for the panels to be secured tightly against the gaskets in the vertical supports. Horizontal
clamps installed on the top several panels would provide additional horizontal panel security.

5.3.3

EARTHEN LEVEES

An earthen levee is proposed in the existing Park East Apartment property once the property is acquired and existing
buildings and other improvements have been demolished and removed. This levee would be approximately 720 feet
in length.
The levee was designed to have a constructed top elevation set at RS 39.5+4.0’ to account for freeboard, settlement
and uncertainty. This results in a constructed top of levee elevation ranging from 905.4 on the southwest end to
905.3 on the northeast end.
The resultant height above adjacent grade would vary from 3 to 8 feet, with an average height through the reach of
generally 4 to 5 feet.
The following sections provide general information on the earthen levee design.
preliminary design are shown in the Preliminary Project Plans included in Appendix C.

Additional details of the
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5.3.3.1 DESIGN METHODOLOGY
The preliminary design of the floodwall sections were completed using the USACE design criteria set for in USACE
EM 1110-2-1913- Design and Construction of Levees. Seepage, Slope Stability and Settlement design information
was presented in Section 4.7 – Preliminary Geotechnical Analysis.
It was assumed that material for the earthen levee would be imported from off-site borrow locations. This material
shall be cohesive and consist of material classified by ASTM D-2487 as CL or CH. Gradation shall not have less
than 40% by weight passing the No. 200 sieve. The liquid limit (L.L.) shall be greater than 25% and plasticity index
(P.I.) greater than 10 percent.

5.3.3.2 ALIGNMENT
The alignment of the proposed earthen levee was established in order to ensure adequate geotechnical stability and
also to be compatible with the adjacent floodwall locations on either end. The proposed alignment also minimizes
the required borrow material by locating the levee on higher elevations wherever possible.
At each end of the proposed levee, floodwalls will tie into the levee until a point where the top of the levee reaches
its design elevation. At that elevation, sheet piling will be installed an additional 20-feet into the levee to ensure that
there will be no seepage path at the connection between the levee and adjacent floodwalls.

5.3.3.3 GEOMETRY
The levee embankment was proposed to have maximum levee slopes landside and flood side of 4:1. The top width
will be a minimum of 10-ft in width. Prior to placing the levee embankment, the levee corridor would be cleared
and grubbed and all topsoil or other objectionable material stripped and stockpiled. In addition, an inspection trench
would be excavated, inspected, and re-compacted with appropriate embankment materials. The purpose of this
trench is to expose or intercept any undesirable underground features such as old drain tile, water or sewer lines,
animal burrows, buried logs, pockets of unsuitable material, or other debris.

Due to the existence of prior

development on the property, it was assumed that this inspection trench would have a minimum depth of 10-ft below
the ground surface. The trench was proposed to have a trapezoidal section with a minimum bottom width of 4-ft and
minimum side slope of 2:1 slopes. These dimensions could be increased if necessary for constructability.
Following placement and compaction of the impervious embankment material, the levee would be covered with 6
inches of topsoil. It was assumed that sufficient on site material was available from the stripping to cover the levee.
The levee would then be seeded to permanent grass cover.

No significant erosion issues are anticipated on the

levees after construction and seeding due to the relatively low velocities in the adjacent Red River channel during
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times of flooding.

5.4

5.4.1

INTERNAL FLOOD CONTROL

INTERIOR DRAINAGE METHODOLOGY

The preliminary interior flood control design generally followed the criteria contained in the USACE document EM
1110-2-1413 - Engineering and Design - Hydrologic Analysis of Interior Areas. This document provides guidance
for the hydrologic analysis of interior areas. For this project, interior areas are defined as areas protected from
riverine flooding by levees and floodwalls. Interior flood water (or storm water runoff) would be passed through the
line of protection via gravity outlets when the Red River is low. However, when the Red River is high, the interior
flood water would need to be lifted/pumped over the line of protection.
Specific reference was also made to the methods used by the USACE for the design of the interior flood control
system in Grand Forks / East Grand Forks and also for the Ridgewood/VA project in Fargo when completing this
preliminary design.
Since only minor changes to the existing interior drainage patterns will be made in the section of the proposed
project south of Main Avenue, only the north section of the proposed project lying north of NP Avenue was
evaluated in detail during this Phase 1 – Preliminary Design effort. Subsequent additional review of the southern
portion to verify the adequacy of the existing adjacent pumping facilities will be completed Phase 2 of this
evaluation.
The following sections provide additional details of the methods used in the evaluation. Additional details on the
evaluation were also included in Appendix I.

5.4.2

DESCRIPTION OF WATERSHED AND DRAINAGE PATTERNS

The direct contributing drainage area to the proposed outfall at the Red River near 3rd Avenue North consists of
approximately 220 acres. Presently, several trunk storm sewers collect storm water from the portion of downtown
located west of the line of protection, and converge near the intersection of 2nd St and 3rd Ave N. From this point
they gravity drain to the Red River through an existing 60” RCP. Additionally, there is an existing storm sewer lift
station consisting of 2-18” vertical line shaft pumps, with an average discharge capacity of 8,000 gpm per pump,
that are used during blocked gravity conditions when the Red River of the North is at flood levels. The existing
gravity outlet does not flow directly through the existing pump station structure. Instead, the pump station is located
in the City Hall parking lot and is connected to the gravity outfall by storm sewer.
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The Burlington Northern Railway track near Main Avenue generally defines the southern boundary of the drainage
area, while the Burlington Northern Railway track located near of 5th Avenue N generally defines the northern
boundary. University Drive marks the approximate high point and western most extent of a trunk storm sewer that
gathers storm water from the contributing drainage area, and flows east to the Red River. From this high point, there
is separate a trunk storm sewer that flows west to Cass County Drain 3. University Drive is the high point for both
trunk sewers, however, the trunk sewers are also inter-connected by a 36” pipe at this location. The trunk storm
sewer that discharges into Cass County Drain 3 is equipped with a flap gate that prevents storm water in the drain
from backing up into it when the water level in the drain is high. However, high water in Cass County Drain 3 can
create a backwater effect and prevent adequate discharge from the trunk storm sewer, forcing excess runoff from the
Cass County Drain 3 drainage area to enter the trunk storm sewer that flows east to the Red River of the North via
the 36” inter-connecting pipe. Additionally, the Cass County Drain 3 drainage area is periodically hydraulically
connected to the Red River outfall drainage area by street flooding during large rainfall events in which the storm
sewer capacity becomes overwhelmed.

For these reasons, in order to be conservative, the entire Drain 3

contributing drainage area was included in this analysis, so that the impacts of high water in the drain could be
evaluated. The study area is almost completely developed, and the primary drainage is via storm sewer, with the
exception of portions of Cass County Drain 3 that are open channels.
As proposed, 2nd Street would be realigned adjacent to the proposed line of protection. The railroad underpass at the
intersection of 2nd Street and the Burlington Northern Railway near the northeast extent of the project would be the
lowest point within the internal drainage analysis area. The flooding elevation of this underpass is significantly
lower than the next lowest flooding elevation in the analysis area. For this reason, drainage to the underpass area
would be isolated from the rest of the contributing storm sewer network, and would have its own gravity and nongravity outlets through the line of protection. In the case of flooding on the Red River, the outlet for the underpass
would need to be closed at a RS 22’, while the outlet for the remaining drainage area would not need to be closed,
and can operate under gravity discharge, until a RS 30’.
Maps showing the proposed contributing watershed and drainage patterns as well as the overall model area are
included in Appendix I.

5.4.3

RIVER DISCHARGE AND STAGE

Discharge-stage-elevation curves for the Red River of the North at Fargo were available at the USGS Gage
05054000 at Fargo, ND. These elevations and related stages were based on a gage datum of 861.8 (NGVD29). The
elevations were converted to NAVD88 in order to be consistent with the other project planning effort.
Using the river profiles presented in the Preliminary Federal Emergency Management Agency FIS floodplain
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mapping released in July 2012, the approximate corresponding river elevation at 3rd Avenue North was interpolated
at each river stage. The 3rd Avenue North location was utilized because this represents the location of the proposed
interior drainage outlet location. Plate J-2 showing the discharge-stage-elevation relationship at the Fargo Gage and
at the project location is included in Appendix J.

5.4.4

RAINFALL DATA

5.4.4.1 THEORETICAL RAINFALL EVENTS
The synthetic rainfall depths used in this study were obtained from Bulletin 71, “Rainfall Frequency Atlas of the
Midwest”. This document was utilized because it provided the most recent available isohyetal maps for the FargoMoorhead project area. Rainfall events with return periods ranging from 2 year to 500 year, and frequencies from 5
minutes to 24 hours were analyzed to determine the critical duration. This synthetic rainfall information was used
to analyze gravity outfall conditions.
A table showing the theoretical rainfall depths for each frequency and duration is included in Appendix I.

5.4.4.2 HISTORIC RAINFALL EVENTS
Historic rainfall events were used in the blocked gravity condition analysis. Historical rainfall data was obtained
from the National Oceanic and Atmospheric Administration’s National Climatic Data Center, and WDAY
Meteorological Division. Data from the FARGO HECTOR INTERNATIONAL AIRPORT, ND US station was
used. Daily rainfall records were available for this location from 1891 to the present. This data was correlated with
stream gaging records from the USGS 05054000 Red River of the North at Fargo, ND gage. Stream gage data for
this location was available from 1901 until the present.

5.4.5

RUNOFF HYDROGRAPHS AND STORM ROUTING

During the Feasibility Study for the project, an InfoSWMM model of the existing City of Fargo stormwater system
for this area was developed by Houston Engineering, Inc. The details of this modeling effort were included in a
September 22, 2011 report entitled SWMM Stormwater Modeling, Fargo-Moorhead Metro Flood Risk Management
Project, Feasibility Study, Phase 2. The SWMM model produces runoff hydrographs and routes them through the
storm sewer using dynamic wave routing. All storm sewer with a diameter of 24” or larger in the study area were
included in the original models. Additional detail was added to the existing model to improve the accuracy of the
model in critical areas for this evaluation.
During his modeling effort, sub-catchments were delineated using a digital elevation model (DEM) produced from
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LIDAR data along with the geographical layout of the existing stormwater system, and their areas were calculated
using ArcGIS.
The time of concentration (TOC) for each sub-basin was developed based on a relationship between the size of a
sub-basin and the time of concentration generated from a sample set of sub-basins.

The TOCs of the sample sub-

basins were computed using the common method as described in NRCS’s Technical Release 55, Urban Hydrology
for Small Watersheds, June 1986.

Many of the sub-basins were so small that the TOCs were assumed to be a

minimum of 10-minutes.
The Natural Resource Conservation Service (NRCS, formerly called the Soil Conservation Service) developed
temporal rainfall distributions for various areas of the United States. The NRCS has four rainfall patterns which are
generally used in the U.S.: Type I, Type IA, Type II, and Type III. The Type II Rainfall Distribution applies to the
Fargo/Moorhead area and was used in this study.
For the gravity outfall analysis, the NRCS’s Technical Release 55, Urban Hydrology for Small Watersheds, June
1986 method was used to produce runoff hydrographs for the modeled sub-catchments. Curve numbers used were
weighted curve numbers based on the percentage of varying land uses encountered in each sub-catchment. Each
land use has a specific curve number based on an estimated amount of percent impervious for that land use. A curve
number of 80 was used for pervious areas, while 98 was used for impervious areas. The average curve number for
the entire modeling area is approximately 89.
For the blocked outlet analysis, it was assumed that these events would occur coincident to spring floods on the Red
River of the North. These floods commonly take place during the spring snow melt in the city of Fargo, but usually
prior to the ground thawing completely. For this reason, the blocked gravity events were analyzed as if the ground
was frozen and all available depression storage was already filled with snowmelt runoff. Curve numbers, initial
abstractions, and infiltration losses were eliminated, and runoff hydrographs were produced by converting 100% of
the rainfall into runoff for the blocked gravity events.

5.4.6

GRAVITY DESIGN

The existing gravity outlet will be replaced and reconfigured so that gravity discharge passes through the proposed
pump station and gatewell structures.
As discussed previously, the railroad underpass at the intersection of 2nd Street and the Burlington Northern Railway
near the northeast extent of the project would be the lowest point within the internal drainage analysis area. For that
reason, drainage to the underpass area would be isolated from the rest of the contributing storm sewer network, and
would have its own gravity and non-gravity outlets through the line of protection (floodwall). This storm sewer
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network for the railroad underpass would discharge through the line of protection via a 48” round opening in the
gatewell structure with an invert of 874.75’. The zero impact elevation for this system was assumed to be 885.50’,
which is the elevation at which the lowest catch basin in the underpass would surcharge.
The storm sewer network for the remaining contributing drainage area would discharge through the line of
protection via a 72” round opening in the gatewell with an invert of 874.75’. After storm water for each network has
crossed through the line of protection, they will collectively discharge through a 72” RCP storm sewer from the
gatewell to the Red River of the North. The zero impact elevation for this system was assumed to be 894.50’, which
is the elevation at which the lowest catch basin on the proposed 2nd street would surcharge.
A table showing the results of the gravity outlet condition for the critical duration and frequency rainfall event is
included in Appendix I. These results show that no flooding of the railroad underpass would be expected for
rainfall events less than the 5 yr event. Additionally, no flooding on the primary system adjacent to the floodwall
would be expected for rainfall events less than the 100 yr event.

5.4.7

PUMP STATION AND GATEWELL DESIGN

To prevent internal damage due to flooding from high levels on the Red River of the North, a gatewell closure
structure would be constructed at the line of protection along the floodwall. This gatewell would have gates that
could be manually closed to prevent the Red River of the North from backing up into the interior storm sewer
system. A pump station would then be constructed to be pump interior flood water over the line of protection when
the gates are closed and coincident rainfall/runoff periods occur.
Hydrologic and hydraulic analysis for the pumping station and gatewell structure was complete using the updated
InfoSWMM model of the existing City of Fargo stormwater system. The following sections will provide additional
details related to the evaluation and design process.

5.4.7.1 COINCIDENT 1-PERCENT FLOOD DETERMINATION
As described earlier, the zero impact elevation for railroad underpass network system would be approximately
885.50’, which is the elevation at which the lowest catch basin in the underpass would surcharge. This correlates to
approximately RS 24 on the Red River of the North at this location. For that reason, it was assumed that the outlet
for the underpass would be closed at approximately RS 22. Based on a review of historic stream flow and rainfall
data, there have been 49 instances where the Red River of the North has exceeded RS 22. Coincident rainfall has
occurred during 40 of those 49 instances. A table listing the total depth, duration, and maximum daily rainfall
during each of these 49 events is presented in Appendix I. Hourly precipitation data from the 5 most intense
coincident rainfall events listed below were analyzed.
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•
•
•
•
•

June 4 – June 23, 2007 (5.00”)
March 23 – May 5, 2009 (3.88”)
April 4 – May 11, 2011 (3.80”)
June 23 – June 27, 2011 (1.34”)
July 18 – July 23, 2011 (1.92”)

Hourly rainfall data for these events is presented in Appendix I.
The zero impact elevation for the primary system would be approximately 894.50’, which is the elevation at which
the lowest catch basin on the proposed 2nd street would surcharge. This correlates to approximately RS 32 on the
Red River of the North and for that reason it was assumed that the outlet for the primary system would be closed at
approximately RS 30. Based on a review of historic stream flow and rainfall data, there have been 14 instances
where the Red River has exceeded RS 30. Coincident rainfall has occurred during 10 of those 14 instances. A table
listing the total depth, duration, and maximum daily rainfall during each of these 10 events is presented in Appendix
I. Hourly precipitation data from the 3 most intense coincident rainfall events listed below were analyzed.
•
•
•

June 7 – June 10, 2007 (1.01”)
March 24 – April 20, 2009 (2.15”)
April 6 – April 28, 2011 (1.97”)

Hourly rainfall data for these events is presented in Appendix I.

5.4.7.2 NO PUMPING EVALUATION
Guidance from the US Army Corps of Engineers typically recommends that no internal pump station is required if
no damages are produced by the 1% coincident flood. Conversely, if damages do occur during the 1% coincident
flood, a pump station is typically included. Both historic rainfall records and Red River stream flow records are
available from 1901 through 2012; therefore there are 111 events in the data set. The approximate 1% coincident
flood elevation was determined by creating a flood elevation – frequency plot based on Weibull plotting position of
the events in the data set as follows:
P = m/(N+1)
Where:

P = plotting position
m = ordered sequence of flood elevations with the highest equal to 1
N = number of events in the data set (111)

The “No Pumping” flood elevations based on historic events each system were plotted to determine the 1%
coincident peak flood elevations on each system. Because there are 111 events in the data set, the 1% coincident
peak flood elevation lies between the 2 highest plotting positions (0.89 and 1.79). Both of these events would have
impact in the form of street flooding along 2nd Street and would cause water to pool up against the flood wall. The
flood depth in the railroad underpass produced by the 1% coincident peak would force the closure of 2nd Street.

30 | P a g e

Preliminary Project Design
Based on this information, it is determined that a pump station would be required. Additional details of this
evaluation are included in Appendix I.

5.4.7.3 BLOCKED GRAVITY-PUMPED CONDITION
Since it was verified that pumping would be required, the blocked gravity events for each system were analyzed
using several different pump sizes and configurations in order to find a pumping condition that would eliminate
flooding for the 1% coincident peak flood event. As discussed in section 5.4.7.2 of this report, the 1% coincident
peak water surface elevation was produced from an event that lies between the 1st and 2nd highest plotted positions
from the events in each data set. Therefore, if flooding was prevented during these 2 highest plotted position event,
no flooding will occur during the 1% event.
Based on this evaluation, the SWMM analysis indicated that a pump with discharge capacity of approximately 6,000
gpm at a static head of 20’ was required to prevent flooding in the railroad underpass system, while a pump with a
discharge capacity of approximately 22,000 gpm at a static head of 20’ was required to prevent flooding in the
remaining system.
The 6,000 gpm pump capacity for the railroad underpass network resulted in a 1% flood elevation of approximately
881.50 at the railroad underpass which is 4.0’ below the zero impact elevation of 885.50’.
The 22,000 gpm pump capacity for the primary system network resulted in a 1% flood elevation of approximately
892.30 at the low 2nd Street inlet location which is 2.2’ below the zero impact elevation of 894.50’.
Additional details of this evaluation are included in Appendix I.

5.4.7.4 PROPOSED PUMP STATION
Since the existing area pump station would not have adequate capacity to provide the required discharge and head
conditions, a new pump station would be required. The existing station would be removed as part of the project and
equipment salvaged and re-used by the city, wherever appropriate.
The proposed pumps, pump station, and storage system for the new station was designed based on guidance
presented in the Federal Highway Administration’s HEC-24, “Highway Stormwater Pump Station Design”, USACE
EM 1110-2-3102 “General Principles Of Pumping Station Design And Layout”, as well as local pump station design
requirements from the city of Fargo.
The dimensions recommended in HEC-24 were used to size the pump station structure. Due to space limitations
between the floodwall and relocated roadway, the pump station would be located in the City of Fargo parking lot
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near the location of the existing lift station. This location would also provide better access for future maintenance,
inspections, and monitoring during flood events.
The pump for the railroad underpass system as well as the pumps for the larger system would be placed in the same
pump station structure with a reinforced concrete wall separating the 2 chambers. The pumps would discharge
through force mains under 2nd Street and into a gatewell structure at the line of protection (floodwall). The gatewell
structure is further defined in Section 5.4.7.5 of this report. Redundancy would be provided for the large system by
adding an additional 22,000 gpm pump in the large system pump chamber. Redundancy would be provided for the
railroad underpass system by constructing a gated opening in the reinforced concrete wall separating the 2 chambers
of the pump station. That way if the 6,000 gpm pump failed, the gates could be opened, and both 22,000 pumps
could be utilized to pump the 2 systems simultaneously.
HEC-24 recommends that velocity in pump discharge lines should not exceed 10 fps. Based on this, the following
equation was used to determine discharge line diameter given this maximum velocity requirement:
D = 1.128(Q/V)^0.5
Where: D = pipe diameter (ft)
Q = discharge in pipe (cfs)
V = maximum velocity (fps)
The proposed discharge line for the 6,000 gpm pump would be 18” resulting in a velocity of 9.1 fps. The proposed
discharge lines for the 22,000 gpm pumps are 36” resulting in a velocity of 7.4 fps.
The allowable minimum cycling time is dependent on the specific pump being utilized. USACE EM 1110-2-3102
recommends a minimum cycle time of 20 minutes for vertical line shaft pumps with motor horsepower under 100,
and 30 minutes for motor horsepower of 100 or greater. The motor horsepower requirement for the 6,000 gpm
pump would be less than 100, while the motor horsepower for the 22,000 gpm pumps would be greater than 100.
Achieving the minimum required cycle time is obtained by providing adequate storage between the start and stop
elevations for each pump. This required storage for cycling time is to be available as “usable” storage. The
“usable” storage is calculated as the total volume of available storage less the volume in the collection system below
the uniform depth at the critical flow rate. The critical flow rate is different for each pump operated in parallel,
however it is based on the same principal that the cycling time will be a minimum when the inflow to the pump is
equal to half the pump capacity. For a second pump in parallel, the critical flow rate would be 1.5 times the pump
capacity. Therefore, for the proposed 6,000 gpm pump, (13.37 cfs), the critical flow rate was 3,000 gpm, or 6.68
cfs. However, since it is possible that both 22,000 gpm pumps could be operating simultaneously, the critical flow
rate was calculated for each pump individually. For the first pump, the critical flow rate was 11,000 gpm (24.51
cfs). For pump two, the critical flow rate would be 1.5 times the pump capacity or 73.53 cfs. This assumes that
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pump one is already pumping at maximum capacity whenever the second pump turns on.
Using the above principals, HEC-24 suggests the minimum required “usable” storage for each pump based on the
following equation:
Vmin = 15Qpt
Where:

Vmin
Qp
t

= minimum required cycle volume, (cf)
= individual pump rate, (cfs)
= minimum desired cycle time, (min)

Based on this equation, the 6,000 gpm pump would require a “usable” storage volume of approximately 4,000 cubic
feet. Similarly, each 22,000 gpm pump would require “usable” storage of 22,000 cubic feet. This volume would
need to provide between the start and stop elevations for each pump.
The existing collection system is inadequate to provide the required “usable” storage volumes and thus some of the
proposed storm sewer installations would be oversized. This is discussed in greater detail in Section 5.4.7.6 of this
report.
The preliminary assumed pump switching elevations for the 6,000 gpm pump were as follows:
•
•

Pump On = 880.5
Pump Off = 876.0

The preliminary assumed pump switching elevations for the 22,000 gpm pumps were as follows:
•
•
•

Pump One On = 884.0
Pump Two On = 886.0
Both Pumps Off = 876.0

5.4.7.5 GATEWELL STRUCTURE
A gatewell structure would be constructed at the line of protection along the proposed floodwall. The proposed
flood wall would bisect the structure isolating the internal side from the river side. The internal side would be
further divided by a reinforced concrete wall, which will separate the railroad underpass system from the large
primary system.
A 48” orifice would be constructed in the line of protection (flood wall) to allow discharge through the line of
protection from the railroad underpass system during unblocked gravity conditions. Similarly, a 72” orifice will be
constructed to allow discharge through the line of protection from the larger primary system. Flap gates would be
installed on the river side of each orifice, and sluice gates would be installed on the internal side of each orifice in
order to provide redundant protection during blocked gravity conditions. A 72” pipe would be installed on the wet
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side of the structure to convey outflow to the Red River of the North.
The force mains from the 3 pumps would pass under 2nd Street, and enter through the wall of the internal side of the
gatewell. Within the internal side of the gatewell, 2 - 90 degree elbows would be installed on each force main so
that they rise up to an elevation of 900.50 before discharging through the line of protection. The elevation of 900.5
was selected to above the RS 39.5 elevation at the location of the gatewell. Flap gates would be provided on each
force main.

5.4.7.6 STORM SEWER MODIFICATIONS
In addition to the proposed pump station and gatewell installations, a series of storm sewer modifications would also
be required. As discussed in section 5.4.2 of this report, the storm sewer system that drains the railroad underpass
would be modified so that it is isolated from the large primary storm sewer system that drains the rest of the
contributing study area. Also, a portion of the existing storm sewer in 2nd street would be removed, and new storm
sewer would be installed under the proposed 2nd street alignment in its relocated location. The diameter of a portion
of this new storm sewer would be increased from 36” to 48” in order to provide additional “usable” storage for the
pump station.
The existing trunk storm sewer that currently lies beneath the City of Fargo parking lot adjacent to 2nd Street would
be removed, and a new trunk storm sewer installed under the proposed 2nd Street alignment. The diameter of a
portion of this proposed storm sewer will be increased from 54” to 60” in order to provide additional “usable”
storage for the pump station. Additional miscellaneous storm sewer relocations are described in section 5.5.3.

5.5

UTILITY RELOCATIONS

Throughout the project reach numerous public and private utilities would require relocation to accommodate the
project features. The following sections provide a summary of the required relocations. The public infrastructure
relocations are also shown on the Preliminary Project Drawings included in Appendix C.

5.5.1

WATER DISTRIBUTION SYSTEM RELOCATIONS

The water distribution system impacts for the proposed project are relatively minor. The water line in 3rd Street
North would be removed and replaced as well as the waterline within 1st Avenue North between 3rd Street N and 2nd
Street N. These removals are required due to excavation for storm and sanitary relocations. All waterlines within
the existing City Hall parking lot (active and abandoned) would also be removed.
The waterline within 2nd Street S would be relocated to the north in the Fargo Housing Authority property parking
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lot due to conflicts with the proposed floodwall footings. From there, it will tie into the watermain in Main Avenue
by installing a waterline along the west side of the Park East Apartment property. Waterline removals and proposed
locations are shown on the Preliminary Project Drawings included in Appendix C.

5.5.2

SANITARY SEWER RELOCATIONS

The sanitary sewer system impacts of the proposed project would include removing the abandoned sewer lines
beneath the City Hall parking lot. The proposed project would also reroute the sanitary sewer lines in 3rd Street N
adjacent to the library. The existing sanitary sewer line within 1st Avenue N between 3rd Street N and 2nd Street N
would be routed directly into the existing lift station.
In addition, an existing brick sanitary sewer overflow line would also need to be removed. The depth of the pipe
will require extensive excavation to remove in its entirety. As the project progresses forward into the next design
phase, consideration should be given to abandoning the pipe in place and only removing the sections under the
proposed floodwall only.
Sanitary sewer removals and proposed locations are shown on the Preliminary Project Drawings included in
Appendix C.

5.5.3

STORM SEWER RELOCATIONS

The majority of the storm sewer within the project limits would be removed and relocated under the proposed plan.
As described above, the storm sewer in the north end of the project would be rerouted into the proposed lift station.
With the removal and replacement of the Case Plaza, City Hall, and Howard Johnson parking lots, underground
storage pipes would be required to meet City of Fargo redevelopment water retention requirements.

These

requirements require that, based on the size of the site and percent impervious, a given volume of storm water runoff
must be retained for both the 10-yr and 100-yr events. Based on these requirements the Case Plaza lot would require
420-feet of 60” diameter pipe, the City Hall lot would require 750-feet of 72” diameter pipe, and the Howard
Johnson lot would require 170-feet of 48” diameter pipe.
The storm sewer along 2nd Street South just south of Main Ave. would also require modifications. This storm sewer
was recently modified to drain north to the Main Ave lift station, and that modification would be reversed under the
proposed plan. Storm sewer behind the levee and floodwall proposed in the Park East Apartment Lots would be
installed to drain to the west along the proposed floodwall to the existing 4th Street levee liftstation.
Storm sewer removals and proposed locations are shown on the Preliminary Project Drawings included in Appendix
C.
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5.5.4

PRIVATE UTILITY RELOCATIONS

The private utility impacts of the proposed project would be substantial. Generally, the existing 2nd Street right-ofway is lined with power and communication lines along both sides. This area serves as a primary north-south utility
corridor with feed lines going to the west on each adjacent Avenue and alley. In addition, the 1st Avenue North
corridor serves as the primary corridor for power and communication connection between Fargo and Moorhead.
Since many of these utility lines are primary feeds for large portion of downtown Fargo, as well as portions of
Moorhead and the surrounding areas, it will be critical to limit the frequency and duration of interruptions during the
construction.
To accommodate this in a coordinated and cooperative effort, a series of new private utility corridors were included
throughout the project reach. Establishing these new utility corridors would allow for use of joint utility trenches.
This way the utility companies could collaborate and share the same trenches for electricity, telephone, cable
television and other communications installations. This generally results in utility relocations being done more
efficiently, at lower cost and with less environmental impact. Preliminary design locations for these new corridors
are shown in the Preliminary Project Drawings included in Appendix C.
Once the final project alignment is selected, a utility relocation plan and estimate of timing and cost will need to be
developed by each utility company. In the meantime, the following is intended to provide a general overview of the
impacts for each utility company involved:
•

City of Fargo
o

The City of Fargo has a fiber optic line that extends easterly from City Hall and crosses the
Red River. This would need to be either abandoned or relocated to the new joint utility
trench/corridor crossing along 1st Avenue North.

•

702 Communication
o

702 Communication has a pair of communication lines crossing the Red River along the north
and south sides of 1st Avenue North. The north line then runs north along 2nd Street North to
3rd Avenue North. The south line continues to run west along the south side of 1st Avenue
north until turning south at 3rd Street North. The relocation of these lines could be included in
the joint utility trench/corridors.

•

AT&T
o

AT&T has communication lines along 1st Avenue North, 3rd Avenue North, and 2nd Street
North. The relocation of these lines could be included in the joint utility trench/corridors.

•

Cable One
o

Cable One has a combination of overhead and underground lines running parallel to 2nd Street
North from 4th Avenue North to the alley between NP Avenue and 1st Avenue North where the
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lines then turn and go west. The relocation of these lines could be included in the joint utility
trench/corridors.
o

In addition, Cable One also has a series of service lines that feed Park East Apartments and
the adjacent businesses south of Main Avenue along 2nd Street South. These lines would
require a combination of abandonment and relocation to allow for the proposed flood control
measures south of Main Avenue.

•

Century Link
o

Century Link has a communication line crossing the Red River along the north side of 1st
Avenue North. The line continues to run west along the north side of 1st Avenue north to 3rd
Street North. This line would require re-boring under the Red River of the North due to the
inability to access the existing vault in the 1st Avenue North Bridge. The relocation of this
line could be included in the joint utility trench/corridors.

•

Dakota Carrier Network
o

•

Dakota Carrier Network identified no conflicts.

Enventis(Ideaone)
o

Enventis(Ideaone) has a number of communication lines throughout the project area that
would require modification or relocation.

o

The first area of impact is located along the south side of 2nd Street on the south side of Main
Avenue. This line would be impacted by the proposed closure structures.

o

Enventis (Ideaone) also has a communication lines running parallel to 2nd Street North from
3rd Avenue North to the alley between NP Avenue and 1st Avenue North where the lines then
turn and go west.

The relocation of these lines could be included in the joint utility

trench/corridors.
o

In addition, Enventis (Ideaone) has a series of communication lines that cross the Red River
north of the 1st Avenue Bridge.

•

Midcontinent Communication
o

Midcontinent Communication does not appear to have direct impacts from the project,
however may become impacted depending on the selected routes of the joint utility
trench/corridors. Midcontinent Communication currently has communication lines serving the
Fargo Hi-rise and lines along 4th Avenue North and 3rd Street North.

•

Viking Gas Transmission
o

•

Viking Gas Transmission does not appear to have direct impacts from the project.

Xcel Energy
o

Xcel Energy does not appear to have direct gas line impacts from the project other than
service disconnections, although may become impacted depending on the selected routes of
the joint utility trench/corridors.
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o

Xcel Energy will however have a number of power lines throughout the project area that
would require modification or relocation. Xcel Energy has a combination of overhead and
underground lines running parallel to 2nd Street North from 4th Avenue North to the alley
between NP Avenue and 1st Avenue North where the lines then turn and go west. The
relocation of these lines could be included in the joint utility trench/corridors.

o

In addition, Xcel Energy has a primary power line feed that cross the Red River at the 1st
Avenue Bridge.

5.6

HYDRAULIC IMPACT

The hydraulic impact of the 2nd Street/Downtown Fargo Reach of the Red River Levees was analyzed for the 1percent chance flood event. Two hydraulic models were considered for this analysis. The first is the preliminary
FIS hydraulic model for the Red River that was developed as part of ongoing Flood Insurance Study (FIS) efforts for
the Red River in Cass and Clay Counties. The model was developed using the U.S. Army Corps of Engineers HECRAS (version 3.1.3) computer program and is a steady-state model. The model extends from near the community of
Perley, MN to the Cass/Richland County line and forms the basis for the updated floodplain and floodway
boundaries that are presented in the preliminary Digital Flood Insurance Rate Maps (DFIRM) for eastern Cass
County, ND dated July 31, 2012, as well as the effective DFIRM for Clay County, MN dated April 17, 2012.
The second hydraulic model is the unsteady HEC-RAS model developed as part of the Feasibility Study and design
efforts for the FM Diversion.

This model extends from just downstream from Grand Forks, ND to near

Abercrombie, ND.
For this analysis, the preliminary FEMA FIS hydraulic model was used to compute the hydraulic impact for the
following reasons:
•

Portions of the proposed 2nd Street/Downtown Fargo Reach levees/flood wall are located in
the FEMA regulatory floodway as shown in Plate J-1 in Appendix J. The preliminary FIS
model was used to develop the floodway.

•

The FM Diversion model is being used to design the diversion project. With the project in
place, the residual flood levels through Fargo for the 1-percent chance flood event will be
approximately 35 feet and the hydraulic impact of the proposed 2nd Street/Downtown Fargo
Reach levees/flood wall for this condition will be negligible.

•

The proposed 2nd Street/Downtown Fargo Reach levees/flood wall will be one of the first
project components constructed and will likely be subject to the regulatory requirements of
the preliminary FEMA FIS until the FM Diversion is complete
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5.6.1

EXISTING CONDITIONS MODEL

The proposed floodwall and levee segments extend from the existing 4th Street levee near 2nd Street S. to the BNSF
railroad grade near 5th Avenue N. This analysis includes the full levee and floodwall segment. To accurately
evaluate the hydraulic impacts of the proposed project, additional cross sections were added to the preliminary FIS
model. Plate J-1 in Appendix J shows the location of the existing and added cross sections in the vicinity of 2nd
Street. The geometry for the added cross sections was developed using available LiDAR and channel bathymetry
data. The preliminary FIS hydraulic model allows the conveyance of water along 2nd Street North, including
through the 2nd Street North/BNSF Railroad underpass between Main Avenue and NP Avenue. The preliminary
FIS hydraulic model uses blocked obstructions to limit the conveyance of water through the 2nd Street North
underpass. With the additional cross sections in place, the blocked obstruction elevations were reviewed and
modified based on the LiDAR. The updated model with the additional cross sections was used to establish a new
base condition.
All vertical geometry data and flood elevations in this report and the hydraulic model are referenced to NAVD88.
The roughness coefficients for this study were consistent with those from the preliminary FIS hydraulic model for
the Red River. Manning’s “n” values ranged from 0.035 to 0.045 in the channel and from 0.08 to 0.10 for the
overbank areas. Starting water surface elevations for this modeling effort were consistent with the preliminary FIS
model which tied into an existing USACE hydraulic model.
Model results are included in Appendix J.

5.6.2

PROPOSED CONDITION MODEL

To analyze the hydraulic impacts of the proposed improvements, the cross sections from the revised existing
conditions model were modified using the levee feature of HEC-RAS. The proposed condition model includes a
line of protection that extends from the existing 4th Street levee to the BNSF railroad grade.
Model results are included in Appendix J.

5.6.3

SUMMARY OF IMPACTS

The hydraulic model results for both the base 1-percent chance and floodway conditions for the revised existing
conditions and proposed conditions are presented in Appendix J. This includes summary tables as well as the
detailed HEC-RAS model output. The maximum impact for the base 1-percent chance profile are 0.04 feet just
downstream from the mid-town dam. These impacts are largely due to the elimination of conveyance through the
2nd Street North underpass and corridor with the project in place. It should be noted that emergency flood
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protection measures are implemented during large flood events that eliminate this conveyance as well.

The

hydraulic analyses show no impact to the 1-percent chance floodway profile.

5.7

PHASE 1 ENVIRONMENTAL ASSESSEMENTS

As part of the project review during the preliminary phase, HMG has conducted a Phase I Environmental Site
Assessment (ESA) for the following properties:
•
•
•
•
•
•

City Hall Parking Lot- 200 Second Street N.
Case Plaza- 117 Northern Pacific Ave N.
Feder Realty Company Property- 203 Fourth Avenue N.
Park East Apartments- One Second Street S.
Fargo Public Schools Property- 414 Third Street N.
Howard Johnson- 301 Third Avenue N.

The Phase I ESAs were conducted in conformance with American Society for Testing and Materials (ASTM)
Practice E-1527-05. The following tasks were performed as a part of the Phase I ESA process:
•
•
•
•

Site reconnaissance of the individual properties was completed from April 2, 2013 to April 3, 2013;
Governmental database search (using standard ASTM search distances), an environmental lien search, and
personal interviews for each property;
Review of historical aerials, historical topographic maps, city directories, and fire insurance maps for the
properties and surrounding properties; and
Review and summary of previous investigations.

In general, the presence of contaminated soil and groundwater was found to be likely at all the properties. A history
of large scale redevelopment, industrial and commercial land use has been documented in the area for over a
century. Since extensive excavation work is planned for these properties, the reports recommend a subsurface
investigation (Phase II ESA) to evaluate potential soil and groundwater contamination on most of the properties,
which may have resulted from adjacent land uses and/or fill placement on site.

The reports also recommend that a building materials survey be performed prior to demolition of the existing
structures to determine whether ACMs or lead-based paint are present. These materials may require special handling
and/or abatement, if present.
Copies of the individual Phase I ESAs are included in Appendix K. Due to the size of the complete assessment
report, only the summary letters are included in this report.
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OPINION OF PROBABLE COSTS

An Opinion of Probable Costs was completed based on the approximately 35% design completed to date. The intent
of this information is to provide estimates of the expected project costs for purposes of future project planning and
funding scheduling. The Opinion of Probable Costs was based primarily on recent bid prices from similar City of
Fargo flood control, utility, and roadway projects. In addition, a construction contingency of 30% was included on
the construction estimate to cover the costs of miscellaneous features not included in the estimate and for uncertainty
in the unit prices and required quantities at this early phase of project planning.
The resulting estimated construction cost was determined to be approximately $27.0 million.
In addition to these construction costs additional costs associated with private utility relocation and Right-of-way
acquisition will also be required. Work Under Task Order No. 10 was recently initiated in order to better define the
utility relocation requirements and related costs.

In the absence of this detailed method, an estimate of

approximately $2.7 Million to complete the private utility modifications was used.
Right-of-way appraisals and negotiations are expected to begin in the upcoming months. Due the high variability in
the in the types and usage of the commercial properties impacts along the corridor the Real Estate costs may vary
greatly. In the absence of formal appraisals, the project R/W was estimated simply based on the tax assessed market
values to be consistent with previous efforts. Under this method, all commercial property was assumed to be valued
at 140% of assessed values. These values were then increased to include a 15% real estate contingency amount.
The resultant real estate estimate was approximately $12.8 million.
For this early phase, the Engineering, Administrative, Legal and Misc. expenses were included based on 25% of the
estimated construction costs. This cost is estimated to be approximately $6.8 million.
Combining all these project components, the total opinion of probable cost for the project was estimated to be $49.2
million.
Additional details of the Opinion of Probable Costs are included in Appendix L.
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PROJECT STAGING CONSIDERATIONS

Due to the large scale of the proposed project and the amount of impacted property within the project corridor, it is
anticipated that the project will take several years to complete. An early project phasing review was completed in
an effort to establish an expected implementation schedule.

Table 3 provides a preliminary project phasing

schedule.
Table 3 - Project Phasing
Estimated Timeline

General Project Tasks

Summer 2013 – Spring 2014

Appraisals and Right-of-Way Acquisition

Spring 2014 – Fall 2014

Phase 1 - Demolition North of 1st Avenue North

Summer 2014 – Spring 2015

Phase 2 - Utility Relocation North of Main Avenue

Spring 2014-Spring 2015

Phase 3 – Project Construction – South of Main (Including Park East Demolition

Spring 2015-Spring 2016

Phase 4 – Project Construction – North of Main Avenue

Spring 2016-Fall 2016

Phase 5 – Project Closeout, Vegetation Planting and Final Restorations

and Utilities)
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