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Preface
This design documentation report (DDR) is being prepared for the Flood Diversion Board of Authority, by
the Houston-Moore Group, LLC. At this stage, the purpose of the document is to present the detailed
design for feature elements of the project. It provides the basis and direction for the detailed design
phases by presenting discussion, design criteria, design assumptions, design load cases, identification of
reference materials and design guidelines such as EMs, identification of analytical methods, and
identification of appropriate computer programs as applicable for each design element. A set of project
construction plans and technical specifications are submitted for review along with a representative set
of computations on major design elements.
This DDR is intended to conform to the requirements of Engineer Regulation No. 1110-2-1150,
“Engineering and Design for Civil Works Projects,” dated 31 August 1999.
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Abstract
The Fargo-Moorhead Metropolitan Area Flood Risk Management Project consists of a 30 mile long
diversion channel and a 6 mile long connecting channel. The project will reduce the flood risk from the
Red, Wild Rice, Sheyenne, Maple, Rush, and Lower Rush Rivers for the cities of Fargo and Moorhead, as
well as surrounding communities. The project includes an approximate 150,000 acre-foot storage area
required to mitigate downstream stage impacts. This report will discuss the design of the Oxbow,
Hickson, Bakke (OHB) Ring Levee that will be constructed to reduce the flood risk for these three
communities. The design of the OHB Ring Levee is being completed to reduce the current flood risk to
the communities under existing conditions but is also being designed to be complimentary to the FargoMoorhead Diversion project.

1. Introduction
1.1 Project Location
The cities of Fargo, located in southeast North Dakota, and Moorhead, located in northwest Minnesota,
straddle the North Dakota-Minnesota border, as shown in Figure 1. The metropolitan area is located
along the Red River and near the confluence of the Red and Sheyenne Rivers. The area encompasses
land approximately 12 miles west to five miles east of the Red River and from 20 miles north to 20 miles
south of Interstate 94. The total metropolitan area is approximately 90 square miles. The communities
of Oxbow, Hickson, and Bakke are located along the west bank of the Red River approximately 14 miles
south of Fargo.

Figure 1 – Fargo-Moorhead General Location
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1.2 Background
The Red River Valley was once the bed of glacial Lake Agassiz and the resulting terrain is extremely flat
and prone to flooding. The National Weather Service (NWS) has designated 18 feet as the minor flood
stage at the Fargo USGS gage. This stage has been exceeded by the Red River in 51 of the past 112
years. It was exceeded consecutively from 1993 to 2011, and again in 2013. Figure 2 shows USGS
hydrographs from five recent flood events [1]. The Fargo-Moorhead metropolitan area is currently
protected by several permanent levees as well as a series of emergency levees that are constructed
during flood events. Although the emergency flood protection has been effective for the past flood
events, the United States Army Corps of Engineers (USACE) has estimated that the annual damages
would be $194.8 million if emergency measures were to fail [2].

Figure 2 – Fargo USGS Gage Flood Event Comparison [1]
*USGS Gage height can be converted to sea level by adding 861.8 feet (NGVD 1929) or 862.74 (NAVD 1988)

According to the 2010 census, the populations of Fargo and Moorhead were 105,549 and 38,065 people,
respectively. Fargo and Moorhead, along with the cities of West Fargo, Dilworth and several smaller
communities, make up the metropolitan area that serves home to over 200,000 people. There was a 20
percent increase in population in the metropolitan area over the last decade [3].

1.3 Project Features
The OHB Ring Levee is intended to reduce the flood risk for the three communities from flooding from
the Red River. The alignment starts on the northeast side of Oxbow and will be adjacent to the Red
River through existing city lots along the east side of Oxbow. It will continue south along the Red River
until County Road 18 where the levee will turn and go west. It will continue west on the north side of
County Road 18 until it intersects County Road 81. The levee will continue northwesterly to encompass
Fargo-Moorhead Area Diversion Project
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the west side of the Bakke Subdivision and will then parallel the north side of the Bakke Subdivision until
it crosses County Road 81. Approximately 40 residential lots, 6 existing golf course holes, and the
existing Oxbow Country Club building will be relocated from the east side of the city into a new
replacement area to the south. A total of 80 residential lots are included in the replacement area to
replace lots lost in Oxbow as well as to replace nearby rural residents within the staging area that may
be bought out as part of the overall diversion project.
The OHB Ring Levee design is distributed into 5 work packages that include 3 levee design packages, an
interior flood control and road raise package, and a demolition and utility relocation package. The
United States Army Corps of Engineers (USACE) will be completing the design of Work Package 43B (WP43B) while Houston-Moore Group (HMG) will complete the other 4 Work Packages. The work packages
described in this document are identified in Figure 3.
1.3.1 WP-43A
WP-43A is the levee portion on the south side of the City of Oxbow that will surround the new
residential lots and golf course area. The east boundary of WP-43A parallels the Red River beginning at
the existing southern limits of the City of Oxbow, while the south boundary of WP-43A runs adjacent to
and north of County Road 18. The west boundary of WP-43A design ends 365 feet east of County Road
81; however, WP-43A will be constructed in two phases. The first phase will be built in 2014. This phase
will begin at the City of Oxbow and will end east of County Road 81.There will be an opening left in the
levee at the existing drainage swale to allow the swale to stay in operation until WP-43B can be
constructed which will include the realignment of the existing swale around the outside of the WP-43B
Ring Levee. WP-43B will include the Phase 2 construction of WP-43A levee in 2017. The total length of
levee is 6,758 feet with 6,608 feet being constructed in 2014 and 150 feet being constructed in 2017.
HMG is designing both phases of the OHB Ring Levee Project.
1.3.2 WP-43B
WP-43B is the levee portion on the west side of County Road 81 and around the Bakke Subdivision. The
west boundary of WP-43B runs through an existing agricultural field beginning 365 feet east of the
intersection of County Roads 18 and 81 to the west side of the Bakke Subdivision. The north boundary of
WP-43B runs parallel on the north side of the Bakke Subdivision and ends 1,200 east of Main Street. The
total length of levee is 11,900 feet. The USACE is designing this portion of the OHB Ring Levee Project.
As stated above, a portion of WP-43A levee will not be built in 2014 to allow the existing drainage swale
to stay in operation. The construction contract for WP-43B will include this portion of levee from the
43A Work Package in order to complete the overall project in 2017.
1.3.3 WP-43C
WP-43C is the levee portion on the east side of the City of Oxbow that will run adjacent to the Red River.
WP-43C will be constructed in two phases similar to WP-43A. The first phase will be built in 2016,
beginning at County Road 81 on the northeastern portion of the OHB Ring Levee where WP-43B ends
and ending at the existing southern limits of the City of Oxbow where WP-43A begins. There will be an
opening left in the levee at levee station C28+00 to allow the existing golf course to stay in operation
until all features of the OHB ring levee can be constructed and the new golf course holes are
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established. WP-43B will include the Phase 2 construction of WP-43C levee in 2017. The total length of
levee is 4,633 feet with 4,348 feet being constructed in 2016 and 285 feet being constructed in 2017.
HMG is designing this portion of the OHB Ring Levee Project.
1.3.4 WP-43D
WP-43D consists of many aspects of the overall OHB Ring Levee Project. One aspect is the design of
interior flood control systems for the drainage area inside the proposed ring levee. This includes
designing new drainage infrastructure and upgrading existing infrastructure as well as designing
stormwater retention ponds, a pump station, a gatewell, and an outfall structure. Another aspect
includes the design of the County Road 81 road raises in order to traverse the new ring levee, as well as
the County Road 18 road raise between the I-29 interchange and County Road 81 that will serve as
access to the protected area in times of flooding.WP-43D includes a 900 foot section of levee
construction that will connect WP-43B and WP-43C levees together. Lastly, a portion of the OHB utility
relocation will be done within this work package. Since the WP-43C levee will intersect the existing City
of Oxbow’s sanitary and storm sewer systems on the east end of Oxbow Drive, these utilities will need
to be relocated. HMG is designing this portion of the OHB Ring Levee Project.
1.3.5 WP-43E
WP-43E is the development of demolition and utility relocation plans for the OHB Ring Levee project.
Approximately 40 existing homes, an existing sanitary sewer lift station, the existing Oxbow County Club,
and other miscellaneous structures will be demolished prior to construction of the levee. Additionally,
eight utility companies will have existing infrastructure impacted by the project. This includes the utility
lines that will be located under the levee that will be removed as well as the need for upgrades to the
existing infrastructure to meet the needs of the development area. HMG has conducted meetings with
all the impacted utility companies to explain the overall project, explain the relocation process, and to
answer any questions that were presented. HMG is coordinating this work package.

1.4 Value-Based Design Study Report: Oxbow-Hickson-Bakke Ring Levee,
April 2014
This report documents decisions made during the value-based design (VBD) study for the OxbowHickson-Bakke Ring Levee. The goal of the study was: (1) to help stakeholders develop a cohesive
understanding of the project, (2) develop a function analysis system technique (FAST) diagram to help
the study team define what was required to make the project successful, (3) identify potential
modifications to the project that would add value and incorporate those changes into the project, and
(4) identify tasks that needed to be accomplished during the next design phase, how those tasks would
be accomplished, and any assumptions, risks, or constraints associated with design.
Changes in design that resulted from this study and are reflected in this report include:
•
•

Straightening the levee portion in work package (WP) 43A to minimize impacts to wetland and
existing natural riparian forest while reducing the linear length of levee.
Realigning the West Pond to reduce right-of-way impact to existing farmland, provide additional
borrow material, and offer the aesthetic benefit/option of a water ski lake feature. Additional
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•

consideration could be given to providing a greenway space connecting West Pond and Oxbow
City Park.
Changing the inside levee slope from 5H:1V to 4H:1V.

Although the water ski lake feature was offered at the VE Design Study, after further design; it was
eliminated as a design feature when the west storm water pond changed from a wet pond to a dry pond
due to the need for less clay borrow than originally estimated.
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Figure 3 – OHB Ring Levee Work Packages
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2. Design Data
2.1 Surfaces and Survey Data
Aerial Light Detection And Ranging (LiDAR) data and ground surveys performed by Merrick and
Company in May 2011 were provided to HMG by the USACE and used for the existing topographic data
in the design and drawings. The horizontal coordinate system and projection of the existing condition
data is NAD83 (2007), North Dakota State Plane Coordinate System, South Zone (U.S. Survey Feet). The
vertical elevation Datum for the existing condition data is NAVD88 (U.S. Survey Feet). The USACE
provided an original base map drawing for all the design teams to incorporate in their work packages.
Additional topographic surveys have been conducted by HMG for use in conjunction with the LiDAR data
and this information has been incorporated into the base map by the USACE.
HMG collected utility information including existing easement documents in the summer and fall of
2013. HMG conducted a utility relocation kickoff meeting on December 3, 2013 with all the utility
companies that are affected by the project. Shortly after the kickoff meeting, the utility companies
flagged their utilities in the field. Survey data has been collected of these utilities and has been inserted
in into the project utility maps. Relocation plans are being created by the utility companies and will be
available in future utility submittals. The utility locations are shown in a series of maps in Appendix E.

2.2 Geotechnical Engineering and Geology
This section of the report discusses the geotechnical engineering and geology aspects of the levee
design for WP-43C 95% Submittal. These topics are discussed at length in the Barr final geotechnical
analysis report found in Appendix D.1.
Site geology consists of clay formations underlain by glacial till. The glacial till is characterized as a hard
ground moraine till deposited by the retreating glaciers that formed Glacial Lake Agassiz. As the glacier
retreated, it impounded water to the south forming Lake Agassiz. Deposition of weaker clay above the
glacial till is associated with fluctuations of Glacial Lake Agassiz. The major clay formations were created
in this manner. The two lower formations, the Argusville and Brenna, are understood to be highly
interbedded, as compared to areas further north. For this reason, the formation was defined as Lower
Lake Agassiz Clays and assigned similar shear strength values for some slope stability analyses. The
Sherack Formation is upper most unit and is continuous except in areas where relatively recent alluvial
or fluvial processes have eroded it. General regional geology is described extensively in USACE (2011).
The geotechnical exploration consisted of field investigations and laboratory testing which have been
completed in two main phases. The first phase, occurring in March 2013, was completed under the
direction of Barr and focused on the exploration of an area of the existing City of Oxbow. This area is
now identified as WP 43C. The second phase of the field investigation, beginning in September 2013,
encompassed the entire proposed levee site. Ten soil borings and four Cone Penetration Test (CPT)
soundings were completed at locations in the WP-43C area. Soil borings were completed to: (1)
determine the stratigraphy at specific levee cross-section locations, (2) collect soil samples for
laboratory testing, and (3) collect in-situ testing data such as the Standard Penetration Test (SPT). CPT
soundings were completed to: (1) gather in situ material shear resistance characteristics, (2) collect
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pore-water pressure data, (3) establish a near-continuous profile to identify any weak layers, and
(4) perform pore-water pressure dissipation testing. Samples collected from the soil borings were
delivered to a soils laboratory for testing. The laboratory testing program included index properties,
shear strength, grain-size distribution, standard Proctor compaction density, and consolidation
characteristics. Geotechnical engineering analyses for WP-43C included the following evaluations at five
cross-sections: seepage, levee set-back from the Red River (set-back analysis), levee slope stability (per
USACE design methodology analysis), and settlement. Two sets of analyses were completed, which
considered the seepage and stability of the levee prism only or the levee prism with the proposed golf
course modifications (fill and cuts) on the landward side of the levee prism.
Conservatively, the historic oxbow at cross-sections C19+55.99and C28+90.15 was modeled as a
wetland with a potential seepage face assigned along the ground surface of the oxbow allowing excess
pore-water pressure to dissipate from the model and impounding no water on the ground surface.
The typical configuration of the levee prism consists of a riverward (wet side) slope of 4 horizontal units
to 1 vertical unit (4H:1V) and a landward (dry side) slope of 4H:1V. The elevation of the crest is
approximately 928.0 feet, which includes overbuild for settlement. The elevation at the levee crest
centerline after consolidation is anticipated to be 927.35 feet. The model elevation of 928.0 feet is
considered a conservative assumption. The levee crest width is 10 feet.
The seepage analyses included numerous far-field boundary conditions (total head constraints applied
at the boundary of the model) to simulate different conditions including normal groundwater
conditions, the 100 year flood event, the maximum pool event, golf course pond water levels
(incorporate inside boundary of the model). The slope stability analyses considered two types of
material strengths analyses: undrained strength stability analysis (USSA) and the effective stress stability
analysis (ESSA). USSA pertains to a condition when excess pore-water pressures exist, such as
immediately after levee construction, and is referred to as the “end-of-construction” case. ESSA pertains
to conditions when pore-water pressures are at equilibrium, and is often referred to as the “long-term”
case.
Geotechnical engineering parameters used for the analyses are discussed in USACE Design
Documentation Report (DDR), Oxbow, Hickson, Bakke Ring Levee Attachment D-1 Geotechnical
Engineering Parameters. Seepage and slope stability methodology used for the evaluations is discussed
in USACE Design Documentation Report (DR), Oxbow, Hickson, Bakke Ring Levee Attachment D-2
Seepage and Slope Stability Methodology. As shown in the tables below all seepage and slope stability
factors of safety meet the recommended factors of safety for the project.
•

Results from these analyses are summarized below. The seepage analysis evaluated heave at
the landward toe of the levee prism for USACE design methodology analysis Cases 3 and 3b. For
these analyses golf course fill was not included in the model which is the minimum levee design
case. The addition of golf course fill is expected to create a berm effect at the landward toe of
the levee further increasing the heave factor of safety. A summary of heave factors of safety are
presented in Table 1.

Fargo-Moorhead Area Diversion Project

Page 8

Table 1: Summary of Heave Factors of Safety on Landward Toe of Levee during USACE Case III and IIIb Analyses excluding
Golf Course Fill
Cross-section

Case III (Water Surface Elev=922.5 ft)
Req’d FoS = 1.6

Case IIIb (Water Surface Elev=926 ft) Req’d
FoS = 1.3

C03+02.47

5.31

2.41

C13+63.43

4.32

2.25

C19+55.99

N/A1

3.19

C28+90.15

4.57

2.30

C39+59.62

3.34

1.99

1

Modeling indicates seepage does not exist at the toe of the levee in this condition (total head < elevation).

•

Levee set-back analyses evaluated the proposed levee location from the river. Required factors
of safety for the levee set-back analysis are 1.20 and 1.30 for the ESSA and USSA, respectively. A
summary of the set-back analysis is provided in Table 2.
Table 2: Summary of Slope Stability Results and Set-Back Distances
Factor of Safety (100% Exceedance)
ESSA With Golf
Course Fill2

ESSA Without
Golf Course Fill2

USSA With Golf
Course Fill2

USSA Without
Golf Course Fill2

Proposed SetBack Distance
from Center of
River [ft]

C03+02.47

1.83

1.83

1.88

1.88

411

C13+63.43

1.74

1.74

1.5

1.54

351

C19+55.99

1.64

1.64

1.63

1.64

4001

C28+90.15

1.47

1.47

1.80

1.86

3141

C39+59.62

1.81

1.87

1.61

1.61

326

Cross-section

1
2

Proposed set-back distance is from the centerline of the historic oxbow.
Required minimum factor of safety are 1.20 for the ESSA and 1.30 for the USSA.

•

USACE methodology cases evaluated the stability of the levee prism only. Minimum required
factors of safety are greater than 1.3, 1, 1.4, and 1.3 were used for Case I, Case II, Case III, and
Case IIIb conditions, respectively. The results of the slope stability analyses of the proposed
levee embankments with and without golf course fill are presented below in Table 3 and Table
4, respectively.

•

Settlement of the levee was estimated for primary consolidation and secondary compression.
Primary consolidation occurs as excess pore-water pressure dissipates with time. Secondary
compression was assumed to occur at the end of primary consolidation, once excess pore-water
pressures have dissipated. This type of settlement is the result of plastic adjustment of the soil
fabric, and occurs at a much slower rate. Elastic (immediate) settlement is expected to be
accounted for during construction. Additionally, no consolidation settlement was assumed to
occur above the water table in unsaturated soils. Table 5 summarizes the total settlement
estimates.
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•

The shrinkage factor for levee borrow material is estimated to be minus 10% to plus 15% based
on the limited dataset for the current project. This value is based on a comparison by the USACE
of site-specific standard Proctor (ASTM D698) testing performed on Sherack material retrieved
from boring 13 11A. The site-specific data was compared to the data in the overall FargoMoorhead Metro Flood Risk Management Project and found to be similar. However, based on
the observed behavior of levee borrow material during the construction of the levee in WP-43A,
the shrinkage factor was less than the anticipated 15% and may be as low as 0%. Figure 4
depicts the theoretical compact/shrinkage percentages for various tested materials in the Fargo
Moorhead Diversion Project.
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Table 3: Levee Slope Stability Results with Golf Course Fill
Factor of Safety
Condition

Required
Minimum
Factor of
Safety

Landward
Side

Riverward
Side

ESSA, No Flood

4.75

1.59

Case I

End of Construction, USSA, No Flood

3.01

1.92

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.03

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

4.12

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

3.88

--

1.3

ESSA, No Flood

2.50

1.59

Case I

End of Construction, USSA, No Flood

1.81

1.56

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.17

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

2.28

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

2.21

--

1.3

ESSA, No Flood

3.03

1.64

Case I

End of Construction, USSA, No Flood

2.11

1.62

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.16

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

2.80

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

2.72

--

1.3

ESSA, No Flood

3.16

1.50

Case I

End of Construction, USSA, No Flood

2.37

1.80

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.04

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

2.78

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

2.65

--

1.3

ESSA, No Flood

6.82

1.91

Case I

End of Construction, USSA, No Flood

4.11

1.49

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.21

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

5.79

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

4.95

--

1.3

Cross-section C03+02.47

Cross-section C13+63.43

Cross-section C19+55.99

Cross-section C28+90.15

Cross-section C39+59.62
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Table 4: Levee Slope Stability Results without Golf Course Fill (Levee Prism Only)
Factor of Safety
Condition

Required
Minimum
Factor of
Safety

Landward
Side

Riverward
Side

ESSA, No Flood

2.64

1.61

Case I

End of Construction, USSA, No Flood

2.65

2.00

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.03

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

1.95

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

1.71

--

1.3

ESSA, No Flood

2.67

1.59

Case I

End of Construction, USSA, No Flood

2.28

1.57

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.17

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

1.94

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

1.70

--

1.3

ESSA, No Flood

2.80

1.64

Case I

End of Construction, USSA, No Flood

2.68

1.65

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.16

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

2.20

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

1.87

--

1.3

ESSA, No Flood

2.73

1.50

Case I

End of Construction, USSA, No Flood

2.66

1.84

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.04

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

1.98

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

1.74

--

1.3

ESSA, No Flood

2.67

1.91

Case I

End of Construction, USSA, No Flood

2.56

1.54

1.3

Case II

Sudden Drawdown (100 yr Flood Stage 922.5 to 50%
Exceedance)

--

1.21

1

Case III

Steady-State Seepage, ESSA, Flood (Elev = 922.5 ft)

1.92

--

1.4

Case IIIb

Steady-State Seepage, ESSA, Maximum Pool (Elev =926.0 ft)

1.69

--

1.3

Cross-section C03+02.47

Cross-section C13+63.43

Cross-section C19+55.99

Cross-section C28+90.15

Cross-section C39+59.62
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Table 5: Summary of Levee Crest Primary and Secondary Settlement Estimate
Estimated Fill Height
[feet]

Estimated Settlement
[inches]

C03+02.47

11.6

4.4

C13+63.43

11.3

4.7

C19+55.99

9.0

4.0

Levee Cross-Section

C28+90.15

12.1

5.0

C39+59.62

12.0

4.7

Figure 4 – Shrink/Swell Analysis
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2.3 Hydrology and Hydraulics
The OHB levee is being designed because of increased water surface elevations in the area associated
with staging water upstream of the diversion to mitigate project impacts. A large portion of the existing
ground in the OHB area is at an elevation of approximately 916 feet, while structures are a few feet
higher than this. After the full diversion project is complete, the staging area would increase the water
surface elevations in the OHB area to an elevation of approximately 922.50 feet for larger flood events.
All levee design is based on the with project condition. As stated above in the abstract, the plan sheets
and the attached appendices also show the levee design without the diversion project. The minimum
top of levee elevation for the with project design of 926.50 was determined by a levee required
elevation analysis completed by the USACE. The results of this study were used to finalize the top of
levee elevation, acceptable side slopes, as well as address any erosion control features needed on the
outside face of the levee. The current levee design meets or exceeds the final recommendations
provided in the analysis report. It was determined that the levee needs to be four feet above the 1 and
0.2-percent chance event staging area elevation of 922.50. A copy of the OHB Levee Required Elevation
Analysis can be found in Appendix C.1.

3. Levee Design
3.1 Levee
There is a 10 foot wide road on top of the levee for maintenance and inspection with a 2% cross slope
and 0.50 feet of aggregate base course. The minimum levee build elevation on the outside shoulder is
926.50 feet. Settlement of the levee will range from 3.9 to 5.1 inches according to the final geotechnical
analysis. To compensate for this settlement, a levee design overbuild of 0.50 feet will be included.
Therefore, the control line or centerline of the OHB Ring Levee will have a top elevation of 927.60 feet
(926.50 +0.10 + 0.50 + 0.50 = 927.60). The levee slope will be 4H:1V on both the inside and the outside
of the levee. A typical section of the OHB Ring Levee is shown in Figure 5.
As indicated above in the Geotechnical Report in Appendix D, levee slope stability and the levee setback
from the Red River are adequate and stable as designed. The levee alignment and levee dimensions of
WP-43C may be modified in the future but is unlikely.
Golf course rough grading and pond excavation will not be included in the 43C ring levee construction
package, however, milestone dates will be a crucial part of the contract and will designate when the
contractor needs to have certain portions of the levee completed in order to allow the golf course
contractor to begin their work. If these milestone dates are not met, the golf course may be delayed in
being operational in the summer of 2017.
The earth work balance is aimed at balancing the dirt from borrow sites and other excavated sites to be
used for construction of all project features.
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3.1.1 Inside Drainage
The inside drainage will be coordinated with the City of Oxbow’s design team since the golf course abuts
into and on the levee. All of the inside drainage will be collected by the stormwater drainage system
being installed within the golf course that is designed to outlet into the three retention ponds on the
golf course. The exterior drainage will drain away from the levee prism and towards the Red River. A
typical section of the levee and adjacent golf course is shown in Figure 5. The three retention ponds will
be connected to the updated storm sewer system that will parallel Oxbow Drive. The retention ponds
will have elevation controls on them in the form of a concrete weir to maintain minimum water depths.
The ponds will provide storage during spring runoff and summer rain events. Additional documentation
on the local drainage and interior flood control plans can be found in Appendix C.2 and C.3.
3.1.2 Outside Ditch
There is no outside ditch being constructed on the east side of the levee. Drainage after demolition of
the existing residences near the levee footprint will be towards the river away from the levee.
3.1.3 Inspection Trench
An inspection trench will be constructed as part of the levee construction in accordance with guidelines
outlined in USACE EM-1110-2-1913 [4]. The trench will be a minimum of 6 feet in order to expose or
intercept any undesirable underground features such as old drain tile, water or sewer lines, animal
burrows, buried logs, pockets of undesirable material, or other debris. Additionally, WP-43C levee will
be built over the top of numerous residential structures that are being demolished as part of the
project. Structural demolition, which will be completed before the levee build, will include the
inspection and removal of any undesirable underground features that are existing at least 3 feet below
the lowest basement foundation. The inspection trench will be 5 feet wide on the bottom in order to
accommodate compaction equipment. The trench is located directly under the centerline of the levee.
If warranted, the inspection trench may be made larger as needed in the field based on the findings.
Side slopes shall meet OSHA requirements and shall be determined by the contractor.
3.1.4 Turnout
A turnout has been designed on the WP-43C section of levee as per the USACE EM-1110-2-1913
guidelines [4]. As per EM-1110-2-1913 the recommended spacing between turnouts is 2,500 feet. The
start of WP-43C will be the tie in point of the levee completed on the WP-43D construction. The 14 foot
wide turnout is designed at station C23+93 to accommodate passing vehicles on the top of the levee.
The 14 foot turnout width is in addition to the 10 foot levee top width. There are no up and over
crossings or levee access points designed along the WP-43C levee alignment. The distance between the
proposed turnout and the levee access point at County Highway 81 is 2,455 feet. The distance between
the proposed turnout and the next turnaround or turnout area along WP-43A levee is 2,293 feet. Both
of these distances are in compliance with USACE EM-1110-2-1913.
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Figure 5 – Typical Section of Levee and Adjacent Golf Course

4. Civil-Site
4.1 Plans, Specifications, and Bid Schedule
Each phase of the OHB Ring Levee design will have separate plans and specifications. The levee plans
will adhere to the USACE specifications. Each levee phase will have its own bid schedule sheet that will
be used in the competitive bidding process to award a construction contract. Certain portions of WP43C will need to be completed by other Work Package Contracts such as a possible levee opening near
the existing golf course. In order for the golf course to stay operational during levee construction, a
levee opening may need to be constructed in WP-43C. Construction items may be added or removed
from the bid schedule as the project design evolves. A 95% design set of construction documents can be
found in Attachment 1 and Attachment 2 of the DDR.

4.2 Work Limits/Real Estate
Work limits (temporary easement areas) are shown on the plan set. Work limits along WP-43C are 50
feet from the levee toe on both sides. Work limits will also encompass the staging area, excavated
material pile borrow area, haul road, and north borrow site.
Fee Title property acquisition will be required for the entire levee footprint, borrow sites (retention
ponds), access roads, as well as areas adjacent to the levee to allow for inspection and maintenance
purposes. The overall OHB Ring Levee project’s Real Estate drawings have not been updated for this
submittal package and are not included with this submittal.

4.3 Existing Drainage
Drainage of existing swales and tile drainage pipes from the golf course and the City of Oxbow will be
relocated during levee construction to ensure adequate drainage during construction. The City of Oxbow
storm drainage system will be redirected to flow west along Oxbow Drive and will not outlet into the
Red River after levee construction. After levee construction and the golf course re-grading, existing
drainage from the golf course that currently goes to the Red River will flow into the existing detention
ponds within the course and will outlet into the City of Oxbow storm sewer system that outlets via the
pump station being built under Work Package 43D.

4.4 Demolition
Existing building structures and other city infrastructure will be demolished and removed along the WP43C alignment. Demolition plans and specifications are being developed to designate which structures
need to be removed. The demolition and removal of all necessary structures will be completed under a
separate construction contract from the levee construction. The demolition and structural removal
contract will be completed before the start of levee contract. A set of the most current demolition plans
is included in the Attachment 2 of the DDR.
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4.5 Utility Information
Existing utility locations are shown in Appendix E. All utility relocations are being done separately from
this design and will comply with local and state requirements. Overhead and buried electrical lines will
be relocated by the utility owner prior to construction of the project. All underground communication
lines will be relocated prior to construction as well. The utility relocation requirements are specified in
MFR-019 Utility Relocation Requirements. This document was developed by the USACE on December 16,
2013 and can be found in Appendix M.2. Eight utility companies will be impacted by the OHB levee
construction. These utility companies have prepared preliminary relocation plans and can be found
attached to this report in Appendix E.3.

4.6 Golf Course
The golf course and city infrastructure design work is not included as part of the WP-43C bid package.
The design, construction, and contract administration is being handled by Robert Trent Jones II and the
Oxbow Country Club. The golf course will have features that will abut the WP-43C levee. Construction
of the golf course grading will take place after the 43C levee is constructed. The construction contract
for the golf course has been awarded and construction began on the southern part of the golf course in
2015 and will continue until 2017.

4.7 Haul Road
A temporary haul road will need to be in place for the construction of WP-43C. A haul road is needed to
allow construction equipment to haul levee embankment material from the north pond borrow site on
the west side of County Road 81 and from the existing north EMP borrow site to the levee placement
area on the east side of County Road 81. This will require construction equipment to cross County Road
81.

5. Landscape and Recreational
A conceptual recreation plan is being created for the project by the USACE in cooperation with the local
sponsors. Additional recreation and landscape details will be provided in future submittals.

5.1 Vegetation and Irrigation
Vegetation requirements will follow the USACE’s EM-1110-2-1913 and ETL 1110-2-583 [4] [5].
Additionally, vegetation and golf course irrigation features along the levee must stay in compliance with
MFR-020 OHB Levee Landscape Enhancements and Golf Course Layout.

5.2 Vegetation Free Zone (VFZ)
Vegetation Free Zone (VFZ) requirements will follow the USACE's ETL-1110-2-583. For a typical levee,
the ETL defines the minimum VFZ as the levee itself, and an additional 15' from the toe on both sides of
the levee. The VFZ can be larger than this depending on site specific conditions. The VFZ for this project
will be acquired in Fee Title.
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6. Environmental
Impacts identified in the 2011 Fargo-Moorhead Metropolitan Area Flood Risk Management Feasibility
Report and Environmental Impact Statement and the Supplemental Environmental Assessment July
2013 includes impacts to aquatic habitat, fish passage and connectivity, floodplain forest, wetland
resources, and cultural resources. There was no aquatic habitat impacts identified, therefore, no
mitigation features were designed. 12 acres of floodplain forest and 45.32 acres of wetlands will be
impacted as a result of the OHB Ring Levee. For forest mitigation, 24 acres of floodplain farmland or
pasture land will be converted into floodplain forest. Various wetland mitigation plans are being
developed at this time with the USACE Omaha District to ensure mitigation efforts are acceptable. The
Phase 1 cultural resources survey of the OHB Ring Levee footprint and related areas was conducted by
URS archeologists in October-November 2013. At this time no areas have been identified that require
Phase 2 testing for the OHB Ring Levee. Based on the cultural resources programmatic agreement, any
project excavation within 100 meters (328 feet) of any river should be monitored by a qualified
professional archeologist. Raptor surveys were conducted by the Corps and the USFWS during the spring
of 2013. Surveys will be conducted each spring prior to construction of the OHB Ring Levee to monitor.
The OHB Ring Levee project is compliant with the National Environment Policy Act. The OHB Ring Levee
project was included in the supplemental environmental assessment and supplemental 404(b)1 analysis
prepared in July 2013. The EA was submitted as a supplement to the 2011 Fargo-Moorhead
Metropolitan Area Flood Risk Management Final Feasibility Report and Environmental Impact Statement
to include the construction of the OHB Ring Levee.
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