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M.1 GENERAL
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MEMORANDUM FOR RECORD
SUBJECT: Fargo‐Moorhead Metro Flood Risk Management (FMMFRM) Project – MFR‐001
Levees and Excavated Material Berms along the Diversion Channel

PURPOSE
1. This memorandum for record (MFR) defines the plan to place material excavated from the
diversion channel during construction along both banks of the diversion channel within
Excavated Material Berms (EMBs). On the right bank of the channel, when looking
downstream, a levee embankment will also be constructed as part of the EMB to reduce flood
risk for the Fargo‐Moorhead Metro (FMM) area. Requirements for both EMB and levees will be
discussed, along with the impacts of the Vegetation‐Free Zone and Vegetation‐Management
Zone requirements needed for the levees and EMBs.

BACKGROUND
2. The design for the Fargo‐Moorhead Metropolitan Flood Risk Management (FMMFRM)
Project is ongoing. The project will be the locally preferred plan (LPP) described in the Final
Feasibility Report and Environmental Impact Statement (FEIS), Fargo‐Moorhead Metropolitan
Area Flood Risk Management, July 2011:
“The LPP diversion alignment would start approximately four miles south of the confluence
of the Red and Wild Rice Rivers and extend west and north around the cities of Horace,
Fargo, West Fargo and Harwood. It ultimately would re‐enter the Red River north of the
confluence of the Red and Sheyenne Rivers near the city of Georgetown, MN. Along the 36
mile path it would cross the Wild Rice, Sheyenne, Maple, Lower Rush and Rush Rivers and
incorporate the existing Horace to West Fargo Sheyenne River diversion channel.”
3.

The project features will include:


Diversion channel with excavated material berms and levees.



Gated control structures on the Red River of the North, the Wild Rice River of North
Dakota, and Wolverton Creek.



Fixed‐crest diversion inlet control structure.



Tieback embankments that, with the control structures, create a water storage/staging
area at the upstream end of the project.



Aqueduct structures that allow low flows of the Sheyenne and Maple Rivers to pass over
the diversion.



Drop inlet structures at a number of smaller drains.



Diversion outlet structure.
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EXCAVATED MATERIAL BERMS
4. The construction of the diversion channel will involve excavating a large quantity of
material. To minimize the cost of construction, the haul distance to dispose of the material
needs to be shortened as much as possible. Therefore, the excavated material will be placed
adjacent to the diversion channel in what is referred to as an excavated material berm (EMB).
With the large quantity of excavated material, the EMBs could be up to hundreds of feet wide
at the base and over 100 feet wide at the top. It is assumed that the excavated material will
generally be distributed evenly between the two sides of the channel. A typical section near
the downstream end of the diversion channel can be seen in Figure 1. The typical configuration
of the EMB is:
a. 50‐foot offset from top of diversion channel side slope.
b. 15‐foot height (above existing ground) at the EMB top closest to the channel.
c. Varying top width.
d. Side slope on diversion side of EMB is 1V:7H.
e. Side slope on landward side of EMB is 1V:6H.
f. Local drainage ditches offset minimum of 20 feet from outside toe of EMB.
5. Discussions regarding the ultimate use of the EMBs are ongoing and not yet finalized. The
non‐Federal sponsor is ultimately responsible for determining the end use of the EMBs and has
developed a Draft Report, Fargo‐Moorhead Area Diversion, Recreation and Use Master Plan, as
well as the Technical Memorandum, Fargo‐Moorhead Area Diversion Channel EMB Grading
Guidelines for Reaches 1 and 2. The current concept proposed by the non‐Federal sponsor is to
incorporate recreational features, including an undulating landscape, into the EMBs on the right
bank of the channel (a.k.a. interior EMB). On the left bank of the channel (a.k.a. exterior EMB),
the end use is currently undefined. The non‐Federal sponsor has requested that the footprint
of the left bank EMB be minimized by slightly increasing the EMB height away from the
channel. Excess material may also be made available to others for beneficial use such as
construction of access roads and bridge embankments and non‐Federal levees or ring dikes.

WATER SURFACE PROFILE WITHIN THE DIVERSION CHANNEL
6. Hydraulic modeling for the diversion channel and project is ongoing. The current Phase 6
hydraulic modeling effort incorporates changes in the diversion channel since completion of the
FEIS. These changes include a modified cross section (including a larger low‐flow channel), a
slight increase in the slope of the diversion invert, and alignment modifications from the Maple
River aqueduct to the outlet. Additional hydrology and hydraulics items are being developed
that will require additional hydraulic modeling updates. The profiles provided in this MFR are
based on the current Phase 6 hydraulic modeling effort.
7. A Manning’s N coefficient of 0.03 was used in modeling conveyance in the diversion. To
insure that this N would satisfactorily characterize the planned vegetation in the channel, the
St. Paul District sought the advice of Dr. Craig Fischenich, of the Corps Engineering Research and
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Development Center (ERDC). Dr. Fischenich reviewed the models created for the diversion and
investigated the planting plan (attached) which identified the species of plants intended for the
diversion. In his review Dr. Fischenich stated that a Manning’s N of 0.03 was the appropriate
factor of roughness for the plants as identified. Dr. Fischenich stated that at low water levels
the N may be higher than 0.03, however, as water levels in the diversion would increase, the
effect of the roughness would decrease.
8. For the 1 percent event, the water surface profile within the diversion channel is below
the natural ground elevations for the upstream two‐thirds of the diversion channel while it is
above the natural ground for the downstream one‐third of the diversion channel. For the 0.2
percent event, the water surface profile is above the natural ground along the downstream
three‐quarters of the diversion channel.
9. A water surface profile for a larger event was also computed. This water surface profile,
referred to as the Diversion Levee Design Profile, is based on the maximum flow in the
diversion occurring just before the Red River of the North and Wild Rice River control structures
would be opened to prevent the loss of minimum freeboard on the tieback embankments. The
current plan calls for the Red River of the North and Wild Rice River control structures to be
opened at about 100,000 cubic feet per second (cfs). Due to the ongoing hydrology and
hydraulic tasks, the Diversion Levee Design Profile presented in this MFR is taken to be 1 foot
above the results of the Phase 6 hydraulic model effort to account for anticipated changes and
uncertainty. For this given Diversion Levee Design Profile, water is above the natural ground for
90 percent of the diversion channel length.
10. The duration that diversion water will be above natural ground was investigated at 3
locations: 1) Drain 30 inlet, 2) Rush River inlet, 3) Lower Rush River inlet. The 1% event profile
is above ground for about 9 days at the Drain 30 inlet, 3 days at the Rush River inlet, and 2.5
days at the Lower Rush River inlet. The 0.2% profile is above ground for about 13 days at the
Drain 30 inlet, 5.5 days at the Rush River inlet, and 5 days at the Lower Rush River inlet. All
culvert inlets will have flap gates to prevent spill‐out flow. Open inlets will allow spill‐out flow.
At open inlets like the Rush and Lower Rush inlets, the spoil banks along the rivers will limit the
extent of spill‐out flooding, especially for the 1% event. Open inlets that do not have spoil
banks immediately upstream will be subject to more extensive spill‐out flooding, but spill‐out
flooding will not be worse than the existing condition for the corresponding frequency.
Containment berms could be added where spoil banks are not present to limit the extent of
spill‐out flooding.
11. Table 1 summarizes the lengths in which the water surface is above natural ground for
different flood events. Figure 2 shows the different water surface profiles through the
diversion.
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Table 1: Summary of Reaches with Water above Natural Ground
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Figure 1: Typical Diversion Section on Downstream End of Project
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Figure 2: Water Surface Profiles versus Natural Ground Elevations
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NEED FOR LEVEES
12. While the expected 1 percent profile is below existing ground for most of the diversion, it
is above ground for the downstream portion of the diversion and the 90 percent assurance 1
percent profile is estimated to be above ground for about 75 percent of the diversion
alignment. Also, in‐town flood‐fighting efforts are expected to occur up to a stage of 40 feet at
the Fargo gage so a levee that provides risk reduction benefits up until in‐town flood‐fighting
efforts cease is desired. To provide risk reduction benefits for the FMM area, a levee section
will need to be incorporated into the right bank EMB and meet levee requirements (i.e., crest
elevation, stability, seepage, vegetation‐free/management zones, encroachments,
construction, etc.). The integrity of the portion that is a levee must be maintained, and the end
use of the EMB must not have any future impact to this levee section. The left bank EMB is not
required to manage flood risk for the FMM area nor is the project claiming any benefits in the
area outside the left bank EMB. From the Lower Rush River and downstream, the 1 percent
event flood profile within the diversion is above the existing ground; however, it is lower than
for existing conditions. Because the left bank EMB is not required for flood risk management, a
levee portion will not be required on the left bank.

RIGHT BANK LEVEE REQUIREMENTS
13. The portion of the right bank EMB that acts as a levee will need to be designed,
constructed, and maintained so that it is a reliable feature of the project. Many different
factors must be considered when designing the EMB and levee; they are detailed below. The
project delivery teams (PDTs) will complete the final design of the right bank levee and EMB.

Right Bank Levee Scenarios
14. Because the typical levee section is considerably smaller than the EMB, the levee will be a
part of the overall EMB. Because there will be a massive amount of excavated material that will
be placed adjacent to the diversion channel, the majority of the project will have the levee fully
embedded within the EMB (see Figure 3). The embedded levee will result in reduced operation
and maintenance requirements as well as reduced levee safety inspection requirements.
15. There will be areas of the project, such as near hydraulic structures and bridges, where a
fully embedded levee will not be accomplished. In these areas, there may be a stand‐alone
levee (no associated EMB), or there may be a partially embedded levee (some associated EMB,
but not the required minimum 6’ of cover). A stand‐alone levee is shown in Figure 3. There
could be many variations to a partially embedded levee, so a Figure is not presented. The
Operation and Maintenance (O&M) and inspection requirements for stand‐alone or partially
embedded levees will be that of a traditional (non‐embedded) levee. Closure structures may
be required at the Maple River and/or Sheyenne River structures to limit the amount of flow
that enters the risk reduction area during the levee design event. The need for closures will be
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assessed during the physical modeling and detailed design of the Maple River and Sheyenne
River aqueduct structures.

Right Bank Levee Crest Elevation
16. The right bank levee is an essential component of the flood risk management system for
the FMM area. It is assumed that flood‐fighting efforts will continue within the FMM risk
reduction area until the river stage at the gauge in Fargo exceeds 40 feet. The stage of 40 feet
will be exceeded once the gates on the Red River of the North and Wild Rice River control
structures are opened to prevent the loss of minimum freeboard on the tieback embankments.
By releasing additional water into the FMM area, the water level in the risk reduction area will
begin to rise and evacuation of the FMM area will be required. So that extensive flood fighting
is not required along the right bank EMB while flood fighting efforts are taking place along the
Red River in the risk reduction area, the right bank levee will be built to the Diversion Levee
Design Profile plus overbuild to account for estimated settlement.

Right Bank Levee Typical Cross Section
17. The typical cross section used by the St. Paul District for levees within the Red River Valley
is a compacted clay embankment with a 10‐foot top width and 1V:3H side slopes. Because of
the impervious nature of the levee fill and the foundation, seepage has not been an issue on
existing levees, nor has stability been an issue for levees constructed away from the river
channel. These levees have performed well under flood conditions. This typical cross section
will be used for the right bank levee. This typical section is considerably smaller than the entire
EMB. The stand‐alone levee, and possibly the partially embedded levee top width may be
increased to 15’ to allow for a maintenance road on the top of the levee.

Right Bank Embedded Levee
18. The fully embedded levee requires a minimum of 6’ of cover over the crest of the levee in
all directions. The 6’ minimum cover was set after researching burrowing animal habits in the
project area. It was determined that animals in this region will not burrow to a depth greater
than 6’. Based on this research, animal burrows will not be a maintenance issue where the 6’
minimum cover is maintained.
19. As a way to locate the embedded levee in the future, the left side crest of the levee will be
aligned with the top edge of the EMB which is also the left edge of the 15’ maintenance road.

Right Bank Embedded Levee Construction Requirements
20. The embedded levee section within the EMB will be constructed to the following
requirements to ensure the integrity of the levee. These requirements are the minimum and
may require further evaluation by the PDT during design.
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a. Fill Material: Alluvium or Sherack materials shall be used as fill material. These
formations will be located in the upper portion of the diversion channel
excavation.
b. Stripping: All organic materials beneath the footprint of the levee shall be
removed.
c. Inspection Trench: An inspection trench will not be required because the
diversion channel will act as a large inspection trench. If any pervious layers are
encountered during excavation, an analysis should be completed to determine if
a cut‐off trench will be needed.
d. Utilities and Drain Tile: If utilities and drain tile are encountered within the
diversion channel excavation or they are known to be beneath the footprint of
the levee, at a minimum, the utilities and drain tile shall be removed from
beneath the footprint of the levee and extending out 15 feet from both toes of
the levee. The exception would be utilities relocated as part of this project in
compliance with MVP MFR for Utility Relocations.
e. Placement: The materials shall be placed in lifts of 12 inches or less.
f. Overbuild: The placement of the excavated material will cause the foundation to
settle and consolidate. The levee section will be overbuilt to accommodate the
estimated settlement. Overbuild will be determined by required settlement
analysis.
g. Compaction: The fill material can be semi‐compacted, meaning that compaction
requirement is less than what is typically specified for levee construction. In the
case of the embedded levee, the fill material will be required to be compacted to
a minimum 90 percent of maximum dry density as determined by the standard
proctor. It is likely that this compaction can be accomplished with minimal effort
such as using a dozer or other equipment as the material is spread. Another
approach would be to use a method specification to indicate the number of
passes required of a dozer or compactor with a certain ground pressure.
h. Moisture Control: Moisture control will not be specified but this will not relieve
the contractor from obtaining the required compaction.
i.

Testing: Minimum testing will be completed on materials placed. Testing will
include proctors, density, Atterberg limits, and grain size analysis.

j.

Topsoil and Seeding: A minimum of 4 inches of topsoil shall be placed and
seeded on any exposed surface of the levee.
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Right Bank Stand‐Alone or Partially Embedded Levee Construction Requirements
21. The stand‐alone or partially embedded levee section along the right bank shall follow the
minimum requirements for the embedded levee with the following exceptions, which are more
stringent construction requirements. These more stringent requirements have been used on
previous St. Paul District levee projects and have resulted in levees that perform as designed
during flood events. During design these minimum requirements may be further evaluation by
the PDT during design.
a. Placement: The material shall be placed in lifts of 9 inches or less.
b. Compaction: The fill material will be required to be compacted to a minimum 95
percent of maximum dry density as determined by the standard proctor.
c. Moisture Control: The moisture content of the fill material when compacted
shall fall within the range of 2 percentage points below optimum moisture
content and 3 percentage points above optimum moisture content as
determined by the standard proctor.
d. Testing: More testing will be required than for the embedded levee. Final
quantity will be determined by PDTs.

EMB REQUIREMENTS
22. The left bank EMB is not required to manage flood risk for the FMM area nor is the
project claiming any benefits in the area outside the left bank EMB. Thus, it does not act as a
levee and does not need to be designed or constructed as such. For some flood events the
water surface profile within the diversion channel will be above the existing ground elevation;
however, these levels are lower than existing condition water levels for the same events.
23. The remainder of the right bank EMB that is not a levee also does not have to follow
criteria as stringent for the right bank levee. The design of the EMBs shall consider the
following details.
24. There will be minimal EMB or no EMB near bridges and hydraulic structures. The PDT will
define the minimal EMB width and slope based on end use and geotechnical analysis.

EMB Crest Elevation
25. The EMBs will typically rise approximately 15 feet above the natural ground, which is
above the Diversion Levee Design Profile. From that point, the EMB’s will typically rise at a 2%
slope to a crest location, then slope down at 2% to the backside edge of the EMB. There may
be locations where the EMB includes a step to a higher crest elevation. A stepped EMB may be
desired in certain locations because it will allow for placement of more material in a minimal
footprint. The PDT will balance excavation/fill quantities and determine if a stepped EMB
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provides the optimal layout. The maximum height of the EMB’s is controlled by the required
geotechnical stability analysis.
26. A viewshed analysis was performed on an estimated 18’ high EMB for cultural resource
coordination with the State Historical Preservation Office. If the EMB height exceeds 20’ in
height at any location, a new viewshed analysis must be performed. Coordinate with MVP if
proposed EMB design height exceeds 20’.
27. The current concept is that the right bank EMB will include undulations that extend above
and below the 2% slope of the base EMB. These undulations have yet to be designed and are
not shown on the figures.
28. At locations where local drainage structures pass through the left bank EMB, the height
may be reduced to decrease the load on the pipes and amount of settlement. At these
locations, the minimum crest elevation will be at least 3 feet above the Diversion Levee Design
Profile.

EMB Typical Cross Section
29. The EMBs will be very large due to the quantity of excavation required for construction of
the diversion channel. Because of the impervious nature of the excavated material and the
foundation and the substantial width of the EMB, seepage will not be an issue. The 1V:6H
backslopes of the EMBs will also be stable.
30. In areas where the local drainage is routed into the diversion channel, the width of the
left bank EMB may be decreased to reduce the length of local drainage structure pipe passing
through it. The exact width shall be determined considering seepage, slope stability concerns,
anticipated construction requirements, and recreational features.

EMB Location
31. The EMBs will be set back from the top of the diversion channel such that the stability of
the diversion channel slope is maintained.

EMB Construction Requirements
32. The construction requirements of the EMBs can be less stringent than the right bank
levee. Some considerations for construction requirements are listed below.
a. Stripping: Organic materials beneath the footprint of both the right and left
EMBs shall be removed beginning at the diversion side toe of the EMBs and
extending a minimum of 105 feet back from the diversion side toe. This
coincides with the area beneath the slope of the EMB adjacent to the diversion
channel. The remainder of the topsoil beneath the footprint of the EMB may be
stripped to conserve as much topsoil as possible, or it can be left in place.
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b. Inspection Trench: An inspection trench will not be required because the
diversion channel will act as a large inspection trench. If any pervious layers are
encountered during excavation, an analysis should be completed to determine if
a cut‐off trench will be needed.
c. Utilities and Drain Tile: If utilities or drain tile are encountered within the
diversion channel excavation or they are known to be beneath the footprint of
the EMB, the utilities and drain tile, at a minimum, shall be cut off at toes of the
EMBs using a 6‐foot wide trench that is backfilled with impervious material. This
shall be done for both the right and left bank EMBs. The exception would be
utilities relocated as part of this project in compliance with MVP MFR for Utility
Relocations.
d. Placement: The EMB should be constructed using lift thicknesses between 1 to
1.5 feet thick, especially on the EMB diversion side slopes adjacent to the
diversion channel. At locations beyond the EMB diversion side slope, the lift
thickness could be increased. The specified lift thickness should be based on
how dense the EMB needs to be to accommodate the end use of the EMBs.
The thicker the lifts, the less dense the EMB will be, which could lead to more
settlement and less bearing capacity. Also, the less the compaction, the larger
the EMB will be.
e. Compaction: The material placed in the EMB should be at a minimum
compacted to its in situ density, or approximately 85 percent of maximum dry
density as determined by the standard proctor. Additional compaction
requirements may be required in order to construct an EMB that support the
maintenance roads and any other features built on top of the EMBs.
f. Moisture Control: There will be no moisture control requirements for the EMBs.
g. Testing: The testing requirements for the EMBs will be similar to that required
for levees but at less frequent intervals and will depend on what density is
required for the EMBs.
h. Topsoil and Seeding: Topsoil thickness will be determined based on the end‐use
of the EMB. At a minimum, 4 inches of topsoil shall be placed and seeded on any
exposed surface of the EMB. In locations where the end use includes woody
vegetation plantings (outside of the VFZ and VMZ), the topsoil shall be a
minimum of 12 inches.

VEGETATION FREE ZONE AND VEGETATION MANAGEMENT ZONE
33. The requirements for vegetation‐free zones and vegetation‐management zones are
outlined in the USACE Technical Letter ETL 1110‐2‐571, “Guidelines for Landscape Planting and
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Vegetation Management at Levees, Floodwalls, Embankment Dams, and Appurtenant
Structures.” The primary purpose of the vegetation‐free zone (VFZ) is to provide reliable,
unobstructed access to the dam or levee for surveillance, maintenance, and flood‐fighting
purposes. A secondary purpose of the VFZ is to provide distance between root systems and
levees, which moderates the risk of potential piping and seepage due to root penetration and
structural damage resulting from a wind‐driven tree overturning. In addition to the VFZ, a
vegetation‐management zone (VMZ) can be specified in which vegetation is less stringently
managed.
34. In the context of the FMMFRM project, the VFZ will require periodic maintenance and
control of the vegetation within that zone. The control of the vegetation will require mowing or
burning (if permitted) once each year at a minimum for inspection. Additional mowing or
burning may be necessary to ensure health and vigor of the species providing erosion
protection and to permit proper inspection. No woody vegetation or trees will be allowed
within the VFZ.
35. The VMZ would be less stringent than the VFZ. The vegetation within the VMZ will be
controlled so that vegetation will not jeopardize the integrity of the levee or access along the
project. The control of woody vegetation will require mowing or burning (if permitted) once
every two years. This VMZ will also be required in the diversion channel and a portion of the
EMB so that woody vegetation and trees, which could reduce the hydraulic capacity of the
diversion channel, will not be allowed to become established. All woody vegetation and trees
will be removed, no less frequently than every two years, by mowing or burning.
36. As indicated in Figure 3, all three levee scenarios require the VMZ as described above; in
addition, the stand‐alone levee and the partially embedded levee both require the VFZ as
described above. Note that the VFZ/VMZ requirements are the same for the stand‐alone and
partially embedded levee scenarios.

Embedded Levee
37. As mentioned above, a majority of the project will be designed and constructed with a
fully embedded levee. This embedded levee is not specifically addressed in ETL 1110‐2‐571, so
the VFZ/VMZ requirements were developed by the PDT using what is felt to be a reasonable
approach to vegetation management and access. The right bank embedded levee will have no
Vegetation Free Zone. Instead, a VMZ will start 15’ from the outside edge of the maintenance
road, and extend across the levee section to the left bank EMB. To control woody vegetation,
mowing or burning every two years is believed to be sufficient. If woody vegetation is not
controlled with this schedule, increased mowing or burning or chemical control may be
necessary. To provide access for O&M and inspections, the 30’ wide maintenance road area
(15’ gravel road with a 15’ buffer area for occasional turnarounds) will be required to be
maintained in good condition and obstruction free.
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Partially Embedded Levee and Stand‐Alone Levee
38. A partially embedded levee is defined as a levee with some associated EMB, but without
full 6’ embedment. A stand‐alone levee is just the levee section with no associated EMB. For
both of these scenarios, a VFZ is required that extends 15’ from the toe of the levee in both
directions. On the channel side, a VMZ would then extend beyond the VFZ across the channel
to the left bank EMB. In embedded levee transition reaches, the VFZ shall extend a minimum of
15’ longitudinally into the fully embedded levee section, which starts once 6’ of embedment is
established.

O&M AND CORPS OF ENGINEERS (COE) INSPECTION REQUIREMENTS
Use of LiDAR to Aid the Inspection Process
39. Because of the magnitude of this project, LiDAR data will be collected for the diversion
and EMBs as part of the levee inspection process. LiDAR collection will meet the following
requirements:






1’ contour accuracy, 0.5 meter nominal point spacing,
~2000’ wide corridor that is 30 miles long,
LiDAR collection every 2 years and after every large flood event,
LiDAR used to update a steady HEC‐RAS model of the diversion to assess effect on
conveyance. Local sponsor will update and perform the RAS modeling and provide a
report to COE.
COE inspectors will review the LiDAR elevation data and the local sponsor’s report prior
to inspection.

VMZ O&M and Inspection Requirements
40. Mowing or burning of the VMZ will be required every 2 years. This should prevent the
establishment of woody vegetation and facilitate LiDAR collection and inspection. The optimal
time for mowing/burning is in the early spring before nesting, but wet conditions may require
mowing/burning to be done in the fall. Mowing/burning in the fall should be done between
late September and early November.
41. Mowing/burning needs to be coordinated with LiDAR collection as well as inspection
work. For example, if mowing/burning is done in the fall then LiDAR collection may need to
start in late September so data can be processed and local sponsor modeling/report can be
complete before a late October / early November inspection.
42. Inspection will occur every year, but visual inspection will be limited to all structures, rock
protection, access roads, and any areas that are suspect based on the LiDAR surveys. Emerging
woody vegetation may be present within the VMZ during off years when mowing or burning
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does not occur, and this will be acceptable. This vegetation will be removed by mowing or
burning the following year.
43. LiDAR collection and inspection will also be performed after every large flood event.
Mowing/burning may be required after the event if vegetation will limit LiDAR collection and
inspection.
44. Because, in lieu of direct inspection, the EMB assures the integrity of the embedded levee,
annual inspection shall assure that the EMB cross section is being maintained as designed and
constructed, and according to the vegetation management requirements set forth for the VMZ.
The project O&M manual will provide more specific requirements for maintenance and repair
of the EMB.

VFZ O&M and Inspection Requirements
45. Mowing or burning of the VFZ will be required every year at a minimum for inspection.
Additional mowing or burning may be necessary to ensure health and vigor of the species
providing erosion protection and to permit proper inspection. All requirements outlined in ETL
1110‐2‐571 will be adhered to.

SUMMARY
46. This MFR is intended to describe the requirements of the levees and EMBs along the
diversion channel that are known to date and items that the PDTs need to evaluate and finalize
during design. A summary of these items is listed below.
a. A levee will be required along the right bank of the diversion.
b. The height of the right bank levee will be defined by the Diversion Levee Design
Profile and overbuild to account for anticipated settlement.
c. The typical section of the right bank levee is 1V:3H side slopes with a 10‐foot top
width. 15’ top width may be used for the stand‐alone and partially embedded
levees to allow for a maintenance road on top of the levee.
d. The minimum construction requirements for the right bank levee are described
above and vary depending on if it is an embedded levee or stand‐alone levee.
e. The ultimate use of the EMBs has not been finalized.
f. EMB width will be determined by the PDT by balancing cut and fill volumes.
g. Right bank undulating landscape has not been finalized.
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Figure 3: Embedded and Stand‐alone Levees
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REVIEW
47. The MFR underwent DQC review and ATR review prior to signoff.

CONTACT
48. Any questions concerning this MFR should be directed to Kurt Heckendorf, Lead
Functional POC – Geotechnical Engineering, MVP.
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MEMORANDUM FOR RECORD
SUBJECT: Fargo-Moorhead Metropolitan Area Flood Risk Management
Project (FMMFRM) - Diversion Channel and Low-Flow Design
1. PURPOSE
The purpose of this document is to outline the diversion channel and low-flow channel design,
including changes since the feasibility study phase. This includes documenting the
requirements of these features from the standpoint of hydraulics, geotechnical, and
environmental concerns. The geotechnical methodology used when analyzing the diversion
channel is also described and is needed in order to maintain consistency throughout the
project.
2. REFERENCES
References and supporting documentation are listed below.
1) Red River Diversion, Fargo-Moorhead Metro Flood Risk Management Project, Feasibility
Study – Phase 4 Volume 1 General Report. Prepared by Moore Engineering, Inc.;
Houston Engineering, Inc.; Barr Engineering Company; and HDR, Inc. February 28 2011
2) Technical Report EL-9709 - Hydraulic Impacts of Riparian Vegetation; Summary of the
Literature (Fischenich 1997)
3) U.S. Army Corps of Engineers. 2012, “Memorandum for Record – Vegetation within the
Fargo-Moorhead Metro Diversion Channel,” U.S. Army Corps of Engineers – St. Paul
District, St. Paul, MN
4) U.S. Army Corps of Engineers. EM 1110-2-1902. 2003. “Slope Stability,” U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS.
5) U.S. Army Corps of Engineers. EM 1110-2-1913. 2000. “Design and Construction of
Levees,” U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS.
6) U.S. Army Corps of Engineers. 2012. “Fargo-Moorhead Metropolitan Area Flood Risk
Management Project, General Report: Geotechnical Engineering and Geology,” U.S.
Army Corps of Engineers – St. Paul District, St. Paul, MN
7) U.S. Army Corps of Engineers. 2012, “MFR-001, Levees and Excavated Material Berms
Along the Diversion Channel,” U.S. Army Corps of Engineers – St. Paul District, St. Paul,
MN
8) U.S. Army Corps of Engineers. 2011. “Fargo-Moorhead Metropolitan Area Flood Risk
Management, Value Engineering Study Report, Report Number CEMVP-VE-FY12-01,”
U.S. Army Corps of Engineers – St. Paul District, St. Paul, MN
3. PROJECT CONSIDERATIONS AND REQUIREMENTS
3.1. Environmental Considerations
A wide variety of mitigation features are required to offset the impacts associated with
construction and operation of the project. Measures required for aquatic habitat and
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connectivity mitigation include stream restoration, riparian corridor restoration, a meandering
low-flow channel in the diversion and providing fish passage. The fish passage will be provided
at the diversion outlet, Rush River inlet, Lower Rush River inlet, Maple River aqueduct,
Sheyenne River aqueduct, Wild Rice River control structure, Red River of the North control
structure and several existing dams. Floodplain forest mitigation will be provided by reestablishing floodplain forest on 239 acres of floodplain agricultural land or pastured land.
Wetland mitigation will be provided in the diversion channel by planting the bottom and fringe
of the side slopes with native wetland species (MFR Vegetation in Diversion). The meandering
low-flow channel and attendant grade control structures at bridge locations will facilitate the
development of wetland habitat in the diversion channel.
3.2. Hydraulic Requirements
The hydraulic requirements associated with the main diversion and low-flow channel are:
•

Ability to convey dominant discharge from local drains within a meandering low-flow
channel,

•

Ability to convey the 1% event discharge so that the water surface profile is generally
below existing ground elevation,

•

Ability to safely convey flows for events up to the inflow design flood, and

•

Minimize erosion and sedimentation issues for Operations and Maintenance (O&M).

3.3. Geotechnical Requirements
The geotechnical requirements associated with the diversion channel and low-flow are:
•

Ability to excavate the diversion channel and low-flow channel to required grades,

•

Stability of the diversion channel during and after construction,

•

Stability of the diversion channel slopes over the the long-term considering the
potential for sediment deposition in the channel and vertical scour of the low flow
channel., and

•

Adequate protection of the diversion channel from erosive action through vegetative
cover.

4. HYDRAULIC DESIGN
4.1. Diversion and Low-Flow Channel Features
The feasibility level design of the diversion channel generally consisted of a 250 ft wide channel
bottom with 1V:7H side slopes that daylight at existing ground. The depth of the main channel
ranged from 15 to 30 ft deep and the channel was set at a longitudinal slope of 0.8 ft/mile. The
side slopes included geotechnical “benches” of 15 to 40 ft wide, as needed, to provide
additional stability to meet the required factors of safety. At the center of the flat 250 ft wide
channel bottom, was a small low-flow channel that was included to convey the runoff from
small drains and streams, such as the Rush and Lower Rush Rivers. This low-flow channel for
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the entire diversion was sized to be 3 ft deep with a 10 ft bottom width and 1V:4H side slopes
giving a low-flow cross-sectional area of 66 sq ft.
Even in early phases of feasibility, it was recognized that further analysis would need to be
completed to fully design the low-flow channel. Other factors, such as the sinuosity of the lowflow channel across the main channel bottom width and the need for slope across the main
channel bottom to allow for drainage, would also need to be considered.
The hydraulic modeling effort has proceeded in numbered phases since the beginning of the
study effort. Since the feasibility study, ending in Phase 4, there have been two additional
phases. While Phase 5 dealt mostly with improving the detail of the hydraulic model, Phase 6
began concurrently with the Value Engineering study of the FEIS (reference 8) and currently
deals with optimizing and re-evaluating the design of the project features. During Phase 6,
which is ongoing, more consideration is being given to the design of the low-flow channel,
overall diversion invert slope, and final alignment of the diversion.
4.2. Bottom Width Sloping for Drainage
Surfaces such as the bottom width, the geotechnical stability benches, and the excavated
material berm offset now include a 1V:50H, or 2%, cross-slope towards the center of the
channel to provide adequate drainage within the project. As a result of the addition of the
cross-slope to the bottom of the diversion, the overall bottom width is increased to 300 ft to
retain approximately the same diversion top width and conveyance as the feasibility study. The
following table (Table 1) details the changes to the main channel between Phase 4 and Phase 6.
Table 1: Main Channel Geometries during Phases 4 and 6
Table 1 - Main Channel

Phase 4

Phase 6

250 ft

300 ft

Cross-slope

0%

2%

Top width

450-750 ft

450-700 ft

Side slopes

1V:7H

1V:7H

Geotech stability benches

0-40 ft

0-30 ft

Excavation Material Berm Height

8-15 ft

15 ft max

Excavation Material Berm Slope

1V:7H

1V:7H

Excavation Material Berm Offset

50 ft

50 ft

Bottom width
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Figure 1: Graphical comparison of typical channel geometries in Phases 4 and 6.

4.3. Low-Flow Channel Design Comparison
The original design of the low-flow channel assumed one size would accommodate all reaches
of the diversion. It has been determined that the 3 ft deep low-flow channel was grossly
undersized for the majority of the project reaches to handle the existing drainage. During
Phase 6, the low-flow was redesigned to accommodate drainage inflows all the way along the
diversion. As a result, the low-flow channel increases in size and capacity as the diversion
moves downstream. For constructability and design purposes, this gradually increasing lowflow channel was designated into four separate reaches. Detail of the geometric configuration
of these four low-flow channel sizes can be seen in the following table (Table 2).
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Table 2: A comparison of low-flow channel geometries during Phases 4 and 6
Table 2 – Low-Flow

Phase 4

Phase 6

LFC Reach

Inlet to Outlet

Inlet to Drain
21c

Drain 21c to
Drain 14

Drain 14 to
Rush River

Rush River to
Outlet

Centerline Depth

3 ft

2.5 ft

4 ft

6 ft

6.5 ft

Side Depth

3 ft

2.4 ft

3.7 ft

5.6 ft

6.0 ft

Bottom Width

10 ft

10 ft

30 ft

45 ft

52 ft

Cross-slope

0%

2%

2%

2%

2%

Top Width

34 ft

30 ft

60 ft

90 ft

100 ft

Side Slopes

1V:4H

1V:4H

1V:4H

1V:4H

1V:4H

Area

66 sq ft

48 sq ft

170 sq ft

386 sq ft

469 sq ft

*Required Capacity

Variable

3 cfs

133 cfs

470 cfs

710 cfs

**Design Capacity

61 cfs

32 cfs

184 cfs

546 cfs

710 cfs

*Required capacity is the cumulative local drainage discharge entering the diversion up to a given reach; design
capacity is the bankfull discharge of the low-flow configuration. The cumulative bankfull discharge was
taken as 80% of the combined 1.5 year peak flows for local drains.
**Design Capacity assumes side slopes “silt-in” from 1V:4H to 1V:2H side slopes.

Centerline Depth

Side Depth

Low-Flow Top Width

V
H

Low-Flow
Side Slope

Cross-slope

Low-Flow Bottom Width
Figure 2: Schematic illustrating low-flow channel terminology
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4.4. Slope and Sinuosity Design Comparison
The overall slope of both the diversion channel and low-flow channel ultimately ended up being
designed at 0.8 ft/mile (0.00015%) for the Phase 4 design and modeling. During Phase 4, some
modeling and discussion occurred as to how to meander the low-flow channel, but ultimately,
no meander belt or modified low-flow slope were finalized. During Phase 6, more thought and
discussion has occurred as to how to meander the low-flow channel (now with a much larger
low-flow size) and what impacts come as a result of the meandering. One initial impact was
that by meandering the low-flow channel, sinuosity was added and the slope of the low-flow
needed to be somewhat less than the main channel. The other major impact of meandering is
that lateral movement can potentially threaten the integrity of the geotechnical stability of the
diversion channel side slopes. The slope and sinuosity of each phase is shown in the following
table, Table 3.
Table 3: Channel slopes and sinuosity of the low-flow channel
Table 3 – Slope and Sinuosity

Phase 4

Phase 6

Low-Flow Slope

0.8 ft/mile (0.00015)

0.8 ft/mile (0.00015)

Main channel Slope

0.8 ft/mile (0.00015)

0.9 ft/mile (0.00017)

Low-Flow Sinuosity

1.0

1.125

4.5. Vegetation Plan
The plan to establish vegetation within the diversion channel is presented in the FMMFRM
Project Memorandum For Record, “Vegetation within the Fargo-Moorhead Metro Diversion
Channel.
4.6. Summary of Design Changes for Diversion and Low-Flow Channels PostFeasibility Study
Recommended design changes include:
•
•
•
•

Add cross-slopes to the diversion channel to improve drainage within the diversion
channel.
Incorporate four different, larger sized low-flow channel reaches to incorporate
local drainage from upstream to downstream along the diversion.
Bottom width of diversion channel set at 300 ft below the Maple River which
generally maintains the Phase 4 top width and provides room for some
meandering of the low-flow channel.
Steepen the main channel slope from 0.015% to 0.017% to allow
meandering/sinuosity of the low-flow channel.

Advantages
A. Improved drainage.
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B. Reasonable chance for meandering (environmental mitigation) to occur throughout
the entire diversion.
C. Low-flow channel will better contain channel-forming flows. If the low-flow channel
were to remain undersized, water would fill the main channel too frequently, which
would likely cause maintenance issues due to loss of vegetation and sediment
deposition.
Disadvantages
A. Excavation quantities may increase slightly.
Outstanding Issues
A. Perform additional stability analyses to evaluate the effects of different low-flow
channel erosion scenarios on the stability of the diversion channel side slopes.
B. Design of the diversion top elevation and excavated material berm top elevation.
C. Complete Drain 14 to Maple River Diversion Analysis.
D. Develop repair guidance.
E. Validate decisions when these further analyses are complete.
F. Determine how to merge the concept of meandering low-flow channel with the
requirements of the Inspection of Completed Works.
G. Develop Project/Reach ‘Notice of Construction Completion’ strategy
5. GEOTECHNICAL DESIGN
5.1. General
The geotechnical performance of the diversion channel and low-flow is related to the stability
of the excavated slope during and after construction, and long-term. Performance of the
excavated slope can be related to the factor of safety for the critical slip surfaces obtained
through a slope stability analysis. In general, as the factor of safety for the critical slip surface
becomes smaller, approaching 1.0, the more likely a failure will occur.
In addition, the size of the failure surface plays an important role in evaluating the performance
of the excavated slope. In general, small failure surfaces occurring at the toe of the main
channel or slightly above could be a maintenance issue. Such failures would cause the side
slope of the diversion channel and the channel bottom to become hummocky or uneven,
making mowing and other maintenance operations difficult. The consequence of these small
failure surfaces would reduce the efficiency of maintenance and may require the diversion
slope and channel bottom to be regraded and reseeded, increasing costs for O&M.
Whereas small failure surfaces may be a maintenance concern, large failure surfaces that
encompass the entire excavated slope could be a major issue. These large failure surfaces
could potentially affect the excavated material berms/levees running parallel with the
diversion, local drainage inlet structures, and recreational features located beyond the top of
the slope. If a large failure surface would occur, it could potentially reduce the hydraulic
capacity of the diversion channel in a localized area. In addition, the cost to repair a large
failure surface would be expensive when compared to the small failure surfaces. One likely
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repair alternative would be flatten the excavated slope and unload material from the top of the
slope.
The intent of the geotechnical analysis of the diversion channel and low-flow is to evaluate the
stability of the excavated slopes using limit equilibrium slope stability analysis and deterministic
factors of safety. The minimum required slope stability factors of safety are selected based on
the following considerations:
•

Minimize the probability that a large failure surface occurs, thus reducing the
potential of having to complete difficult and expensive fixes (this requires a higher
factor of safety)

•

Allowing small slip surfaces to have lower factors of safety to help minimize the
project’s first costs (i.e. construction costs) while trying to minimize increases to O&M
costs due to small failure surfaces.

•

Recognize the fact that small failure surfaces can progress into large failure surfaces,
therefore the lowest acceptable factor of safety for small critical surfaces must be
above 1.0 to reduce the likelihood of such an occurrence.

5.2. Geotechnical Assumptions
There are a number of assumptions that are made when analyzing the diversion channel.
These assumptions are listed below along with the reason(s) they were selected. For each
assumption, there is indication on how conservative the assumption is and what effect the
assumption has on the results of the stability analysis.
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Table 5: Summary of Geotechnical Assumptions

Category
Drained Shear
Strength
Parameters
Undrained Shear
Strength
Parameters

Assumption

Reason Selected

Effect Category has on
Conservative
Slope Stability Results
or
(small, moderate,
Not
large)

Ultimate criteria (15% strain); 1/3:2/3
rule.

Progressive failures; Strain softening soil
behavior; Potential for large strain.

Average
Large Effect on Results
conservatism

Ultimate criteria (15% strain); 1/3:2/3 Strain softening soil behavior; potential for
Average
Large Effect on Results
rule.
conservatism
large strain.

Pore Pressures

Pore pressures in stability calculations
determined form seepage analysis.

Model extent

2000 feet from centerline of diversion.

Groundwater
Boundary
Condition

Total head boundary condition set at
10 feet below ground surface along the
vertical extent located 2000 feet from
centerline.

Permeability
values

Permeabilities selected using typical
ranges of permeabilities based on soil
types used; Upper foundation
materials (Alluvium, Sherack, Oxidized
Brenna) are one order of magnitude
more permeable than lower
foundation materials (Brenna,
Argusville). Unit "A" till is 2 orders of
magnitude more permeable than
Brenna and Argusville.

Alluvium, Sherack, and Unit "A" till
Permeability ratio formations have kx:ky ratios of 4 to 1.
All other formations have kx:ky ratio of
(kx to ky )
1 to 1.

Water in LowFlow

There is no water in the low-flow.

A coupled seepage/stability analysis
provides more realistic pore pressures
than piezometric line.
Engineering judgment that groundwater
table would not be affected 2,000 feet
beyond project centerline which is verified
by the results of seepage calibration
modeling.
Difficulty in determine water levels from
borings; Evapotranspiration would effect
upper 5 -10 feet; Results of the seepage
calibration modeling that indicates 10 feet
below ground surface provides reliable
results.
Permeability tests difficult to run and only
accounts for small sample size; Back
calculations from consolidation tests
indicate soils have similar permeabilities;
Results of seepage calibration modeling;
Setting the Unit "A" till permeability 2
orders of magnitude more permeable and
using total head boundary conditions gives
an upward flow gradient of groundwater
from the Unit "A" till into the diversion
channel.
Engineering judgment; Sensitivity analysis
indicated that using different k-ratios did
not have major affect on the slope stability
factor of safety; Results of seepage
calibration modeling.

Average
conservatism

Moderate Effect on
Results

Average
conservatism

Moderate Effect on
Results

Conservative

Moderate Effect on
Results

Average
Small Effect on Results
conservatism

Average
Small Effect on Results
conservatism

Small Effect on Results
of Global stability;
Small to moderate
There could be times during the year in
Average
effects on localized
which no water is flowing in the diversion
conservatism
stability including
or low-flow channel.
effects of erosion of
the low-flow channel.

5.3. Geotechnical Modeling Requirements
In order to maintain consistency throughout the project for design of the diversion channel,
each section analyzed must be modeled using the same criteria. The criteria to be used are
described below.
5.3.1.

Seepage Analysis

Steady-state seepage analysis is required in order to estimate pore pressures. The estimated
pore pressures will then be used in the long-term (drained) slope stability analysis. There are
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many programs that are capable of analyzing steady-state seepage. The program used should
also be able to export the results into a slope stability analysis efficiently. All seepage models
should be setup with consistency no matter what program is used. Below is a summary of the
model requirements for seepage analysis along with figures to depict the concept:
•

“Half-space” models can be used due to the symmetry about the channel centerline. In
instances where there is no symmetry, a “full cross-section” model must be used. Also,
if the slope stability analyses indicate that the failure surfaces extend across the
centerline, “full cross-sections” must be used.

•

Model Size:
o The model shall extend laterally, 2,000 feet offset from the centerline of the
diversion channel.
o Unit “A” till thickness: The thickness of the Unit “A” till at the base of the model
shall be 50 feet.

•

Meshing: The meshing for the seepage model shall be customized such that the pore
pressures near the excavated slope are calculated with more frequency than at
locations located a considerable distance from the slope. Three “meshing regions” can
be used to facilitate this which are explained below and illustrated in the figures.
o Meshing Region 1:


Associated Materials: All foundation materials above the till, at a distance
extending 100 feet from top of excavated slope.



Mesh size: 2-foot

o Meshing Region 2:


Associated Materials: All materials that are located in a region extending
from 100 feet beyond top of excavated slope to 250 feet beyond top of
excavated slope. This also includes the till material located beneath
Meshing Region 1.



Mesh size: 4-foot

o Meshing Region 3:

•



Associated Materials: All materials that are located in a region extending
from 250 feet beyond the top of the excavated slope to the model
extents.



Meshing size: 6-foot

Permeability Parameters:
o The permeability parameters used in the seepage analysis shall be those
indicated in the General Report: Geotechnical Engineering and Geology.
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o “Saturated versus Unsaturated” Permeabilities: For materials which will likely be
above the ground water table, the permeability of the material should account
for the decrease in permeability due to soil suction.
o Permeability Ratio: The permeability ratio, K, shall be the same as indicated in
the General Report: Geotechnical Engineering and Geology.
•

Boundary Conditions:
o Total Head Boundary conditions shall be used along the vertical edge of the
model that is 2,000 feet from the centerline. The value of the total head
boundary condition shall be taken as 10 feet below ground surface.
o Potential seepage boundary conditions shall be used along the face of the
excavated slope for review of piezometric surface. This assumption considers
that there is no water in the low-flow channel.
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Figure 1: Seepage Model Boundary Conditions

Figure 2: Seepage Model Meshing Regions

Page 12 of 29
Fargo-Moorhead Metropolitan Area
Flood Risk Management Project

Revision 2
MFR-002, Diversion Channel and Low-Flow Design

CEMVP-EC-D

September 20, 2012

Figure 3: Seepage Model Meshing Requirements
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Stability Analysis

There are many different slope stability programs available. A program should be selected that
can couple the pore pressures computed by a steady-state seepage analysis into the stability
analysis with ease. When running slope stability, the following requirements should be
followed:
•

Method: Spencer’s Method for slope stability shall be used to determine the slope
stability factor of safety.

•

Number of Slices: A minimum of 30 slices shall be used.

•

The minimum slip surface depth shall be 2 feet.

•

Non-circular slip surfaces resulting from optimized circular surfaces shall be used. This is
based on St. Paul’s District’s experience in analyzing slopes in the Red River Basin in
which non-circular slip surfaces, containing a large neutral block, is most critical.
Typically, the critical non-circular slip surface has been found to contain more than 3
segments.

•

If using Slope/W from GeoSlope, the “optimization critical slip surface location” can be
used to obtain a non-circular critical slip surface.

5.3.3.

Modeling of Excavated Material Berm (EMB)

The construction of the diversion channel will require a large quantity of excavation. It is
assumed that the excavated material will generally be distributed evenly between the two sides
of the channel, creating EMBs that are hundreds of feet wide at the base. The EMB is required
to be modeled in the stability analysis as this loading will affect the stability of the diversion
channel. When modeling the EMB in the stability analyses, the EMB must be defined as a
region and modeled as a material type. The EMB should be broken into two different regions,
a semi-compacted excavated material region and an excavated material region to account for
the likelihood that the material closest to the diversion channel excavation will be driven over
and compacted more than material located further away from the excavation. For the semicompacted material a unit weight of 123 pounds per cubic feet (PCF) should be assigned and
the zone should extend 160 feet from the diversion side toe of the EMB. For the excavated
material, a unit weight of 121 PCF should be used. The shear strength parameters for both the
semi-compacted and excavated material should be the same, with an undrained shear strength
of 600 pounds per square foot (PSF) and an effective friction angle of 14 degrees and cohesion
intercept of 50 PSF. These selected shear strength parameters are similar to the in situ Brenna
formation parameters as the excavated material will be placed randomly within the EMB and
without very much compaction effort.
The use of the EMBs had not yet been finalized as the Local Sponsor is ultimately responsible
for determining the end use of the EMBs which includes recreational features and grading.
Below is the general layout of the EMB, but will need to be adjusted during design when the
EMB end use and grading plan is finalized.
•

50-foot offset from top of diversion channel.
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•

Side slope on diversion side of EMB is 1V:7H.

•

Side slope on landward side of EMB is 1V:6H.

•

EMB top width varies to accommodate the quantity of excavated material, equally
distributed on either side of channel.

•

EMB may be stepped to increase the volume of excavated material that can be placed
within a given footprint.

•

Minimum of a 2% slope on any EMB “flat” surfaces.

5.3.4.

Stability Cases

Over the course of the project, the diversion channel has been analyzed for five different
geometric cases. Of these, only three are currently applicable to the design process. The cases
represent the different locations and conditions of the low-flow channel. A summary of the
different cases is as follows:
•

Case 1: The low-flow channel is constructed in the middle of channel. This would be
considered a normal loading condition. Case 1 is relevant to locations like bridges
where the low-flow channel will be constructed in the center of the channel without a
meander and will be armored to prevent natural meandering over time.

•

Case 2: The low-flow channel is constructed offset from centerline to account for the
maximum possible meandering of the low-flow channel within the meander belt. This
would be considered a normal condition.

•

Case 3 (obsolete): The low-flow channel begins to erode at the outside of the
meander. The outside slope of the low-flow channel steepens up to 1V:2H and erodes
1 foot vertically . Case 3 and Case 4 are considered obsolete in light of the Meander
Belt Width Analysis completed by Barr Engineering and the HEC-RAS Sediment
Transport Analysis completed by USACE St. Paul District.

•

Case 4 (obsolete): The low-flow channel continues to erode laterally and encroaches
towards the toe of excavated slope. This would be considered an extreme
occurrence. For this analysis, different amounts of erosion are analyzed (by reducing
the offset between the toe of the main channel and the top of the low-flow channel)
to determine when erosion becomes critical to the stability of the diversion channel
slope. The maximum amount of erosion allowed is the condition in which all the
required factors of safety are met. If repairs are not initiated and erosion of the lowflow channel continues, the global stability of the diversion channel slope could be
reduced such that failure of the slope initiates. Case 3 and Case 4 are considered
obsolete in light of the Meander Belt Width Analysis completed by Barr Engineering
and the HEC-RAS Sediment Transport Analysis completed by USACE St. Paul District.
Case 5 replaces Cases 3 and 4.

•

Case 5: The bottom of the low-flow channel erodes 2 ft vertically and sedimentation
occurs at the base of the diversion channel and along the diversion side slopes.
Sediment deposition is modeled by creating a region consisting of “Alluvium” as
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defined in the General Report: Geotechnical and Geology. Deposition is applied in a
uniform thickness above the bottom of the diversion channel, tying into the top of the
diversion and the low-flow channel side slope (see Figure 4). The x coordinates of the
vertices representing the diversion toe, top of low-flow channel, and bottom of lowflow channel remain the same for Case 5 – there is no lateral component to erosion or
sedimentation. Beginning with 1 ft, the depth of sedimentation is increased in 1 ft
increments until one or more of the target factors of safety is not met. The acceptable
amount of sedimentation is the maximum amount that meets the target factors of
safety.
The intent of analyzing Case 5 is to estimate the stability of the diversion channel throughout
the lifetime of the project, considering that erosion of the low-flow and sedimentation of the
diversion will likely occur. The results of Case 5 can be used to determine when sedimentation
has to be removed to prevent global instability of the diversion channel slope. Figures 4a and
4b below illustrate the different cases.
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Figure 4a: Depiction of Slope Stability Cases
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Figure 4b: Close-up Depiction of Slope Stability Case 5
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Target Factors of Safety

The Corps Engineering Manual (EM) 1110-2-1902, Slope Stability identifies the minimum
required factors of safety (FS) for dams while EM 1110-2-1913, Design and Construction of
Levees identifies the minimum FS for levees. Neither of these manuals specifically identifies the
minimum required FS for excavated slopes associated with a diversion channel. EM 1110-21902 recommends that for slopes other than that associated with dams, that the minimum FS
be selected based on uncertainty of the shear strength parameters and the consequences of
failure.
In general, the two major conditions to be analyzed for the diversion are the long-term (steadystate seepage) and the end-of-construction conditions. The long-term (steady-state seepage)
conditions use effective stress shear strength parameters (drained) coupled with pore water
pressures. The pore water pressures are estimated through the use of numerical analysis that
is capable of running a steady-state seepage analysis. The end-of-construction condition
neglects pore water pressures and the use of undrained (total stress) shear strength
parameters is required.

The five cases represent different geometric configurations that have different likelihoods of
developing over time. This was taken into consideration when selecting the target factors of
safety. Case 1 and 2 represent the constructed project condition and require the highest
factors of safety. Case 3 (obsolete) is considered to evaluate the stability of the channel if
erosion of the low-flow were to start. Erosion of the low-flow may be small and occur over a
long period of time, thus a lower FS is considered acceptable. Case 4 (obsolete) represents the
scenario in which extreme erosion of the low-flow has occurred. It is expected that through
normal O&M of the project and annual inspections, that erosion of the low-flow is fixed prior to
it becoming extreme, so the likelihood of this case occurring is small. Based on this, a lower FS
than Case 3 is acceptable. Case 5 assumes 2 ft of erosion in the low-flow channel and varying
amounts of sediment deposition in the diversion. The amount of erosion is considered to be
relatively conservative. Deposition can have both geotechnical and hydraulic impacts that will
require setting triggers for the performing maintenance. Frequent channel surveys will be
required to quantify deposition, and limits will be set for the amount of allowable deposition.
In this sense, Case 5 is analogous to Case 4. In addition to considering the occurrence /
likelihood of the different cases, the size of the critical slip surface and associated cost of repair
were also taken into account. For critical slip surfaces that would encompass the entire
excavated slope or a majority of the slope, referred to as “global” slip surfaces, a higher FS was
required. The higher FS for this “global” slip surface would result in lower probability that any
major slope stability failure would occur. A smaller critical slip surface was also considered that
encompassed the majority of slope but not the entire slope. This is referred to as a “lower
slope” slip surface. Because the “lower slope” slip surface encompasses a smaller portion of
the slope and could be indicative of a “sloughing failure surface” which would require
additional maintenance but would not affect the entire project, a lower FS was accepted. The
final critical slip surface condition analyzed is referred to as the “localized” slip surface. This
search looks at slip surfaces initiating in the lower portion of the slope and toe of the excavated
slope. A minimum FS is required in order to provide for stability at the toe of the excavated
slope so the unraveling does not occur, which could lead to “global” slope stability concerns.
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“Localized” surfaces that initiate at the toe of the diversion represent the smallest possible slip
surface that could impact the diversion side slope. It is anticipated that this type of failure
would have a minimal impact on the project functions. Additionally, there is some
conservatism built into the models, particularly with regards to the assumed seepage boundary
conditions and the selected shear strengths. For these reasons the target factor of safety for
“localized” slip surfaces for Case 5 is 1.0.
The target factors of safety to use for each case, condition, and slip surface size are summarized
below.
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Table 6: Summary of Required Factor Safety. Note that Cases 3 and 4 are obsolete
Case

GLOBAL LongTerm

1&2

1.4

3

1.3

4

1.2

5

1.2

Case

LOWER SLOPE
and LOCALIZED
Long-Term

Comment

1&2

1.2

The LOWER SLOPE and LOCALIZED searches
represents smaller slip surfaces that encompasses
lower portion of slope. If failure were to occur along
these smaller failure surfaces (sloughing), there is
minimal effect to excavated diversion slope,
therefore lower factor of safety is warranted.

3

1.15

Factor of safety is reduced because condition is
unusual.

4

1.15

5

Lower- 1.15
Localized- 1.00

Case

End-ofConstruction

1&2

1.3

3

1.2

4

N/A

5

N/A

Comment
Factor of safety is the same as required for levee
design. This provides for stable slope under normal
conditions.
Factor of safety is slightly reduced. The stability of
slope is still maintained while allowing for
adjustment of low-flow under unusual conditions.
Factor of safety is again reduced to account for
extreme erosion, which is an extreme condition.
Repairs to the low-flow would be initiated before
Factor of safety is reduced to account for extreme
erosion and maximum allowable sedimentation.

Factor of safety is reduced because condition is
extreme.

Comment
Factor of safety is the same as required for levee
design. This provides for stable slope under normal
conditions.
Erosion will occur over time, and the pore pressures
around the excavated slope will be trying to reach
steady state seepage conditions, but will not be fully
established. So the pore pressures in the excavated
slope is between the undrained and drained
conditions.
Major erosion and sedimentation likely to occur over
long period and pore pressures in excavated slope
are likely to be at or near steady state seepage
conditions, therefore undrained analysis is not
appropriate as there is no excess pore pressures.
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Slip Surface Search

In order to evaluate the different sized critical slip surfaces, different slip surface searches are
required. Each slope stability program has its own slip surface search routines. An appropriate
search routine must be selected and used with consistency throughout design. To illustrate
this, a search routine using the “Entry and Exit” slip surface option in GeoStudio is described
below. This routine was selected as it is easy to use and replicate between sections to keep
consistencies. The requirements of the “Entry and Exit” slip surface ranges are summarized
below.
5.3.6.1.

Global Long-Term Stability

•

Entry Points: The range begins at the toe of the excavated material berm, extending
past the top of excavation slope and ends at a depth equivalent to ¼ the total height
of the excavation, measured from the ground surface down to toe of excavated slope.

•

Exit Points: The range begins 5 feet above the toe of the excavated slope and extends
10 feet beyond the edge of the pilot channel. For Case 5, the range begins 5 ft above
the “new” toe created by the sediment deposition.
Fargo-Moorhead Metro Flood Risk Management Project
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Figure 5: Global Long-Term Slope Stability Search
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Check of EMB on Global Stability

A check of the global stability shall be done in which the entry points of the slip surface extend
above the EMB.
•

Entry Points: The range begins at the outside edge of the EMB and ends at the
diversion side toe of the EMB. When a stepped EMB is present, the range should be
adjusted to cover the entire top of the stepped EMB.

•

Exit Points: The range begins 5 feet above the toe of the excavated slope and extends
10 feet beyond the edge of the pilot channel. For Case 5, the range begins 5 ft above
the “new” toe created by the sediment deposition.
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Figure 6: Check of EMB on Global Long-Term Slope Stability Search
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Figure 7: Check of Stepped EMB on Global Long-Term Slope Stability Search
5.3.6.3.

Lower Slope Long-Term Stability

•

Entry Points: The range begins at a depth equivalent to ¼ the height of the excavation,
measured from the ground surface to toe of excavated slope and ends 5 feet above
the toe of the excavated slope. For Case 5 the range ends 5 ft above the “new” toe
created by the sediment deposition.

•

Exit Points: The range begins 5 feet above the toe of the excavated slope and extends
10 feet beyond the edge of the pilot channel. For Case 5 the range begins 5 ft above
the “new” toe created by the sediment deposition.
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Figure 8: Lower Long-Term Slope Stability Search

Page 25 of 29
Fargo-Moorhead Metropolitan Area
Flood Risk Management Project

Revision 2
MFR-002, Diversion Channel and Low-Flow Design

CEMVP-EC-D
5.3.6.4.

September 20, 2012

Localized Slope Long-Term Stability

•

Entry Points: The range begins at a depth equivalent to ¼ the height of the excavation,
measured from the ground surface to toe of excavated slope and ends at the toe of
the excavated slope. For Case 5 the range ends at the “new” toe created by the
sediment deposition.

•

Exit Points: The range begins at the toe of the excavated slope and extends 10 feet
beyond the edge of the pilot channel. For Case 5 the range begins at the “new” toe
created by the sediment deposition.
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Figure 9: Localized Long-Term Slope Stability Search
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End-of-Construction Stability

•

Entry Points: The range begins at the outside edge of the EMB and ends at the
diversion side toe of the EMB. When a stepped EMB is present, the range should be
adjusted to cover the entire top of the stepped EMB.

•

Exit Points: The range begins 5 feet above the toe of the excavated slope and extends
10 feet beyond the edge of the pilot channel.
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Figure 10: End-Of-Construction Slope Stability Search
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Figure 11: End-0f-Construction with Stepped EMB Slope Stability Search
5.3.6.6.

“V” Shaped Surfaces

Sometimes when the optimization procedure used by Slope/W is implemented, the optimized
surface appeared to be more representative of a “V” shape surface with no neutral block. Such
surfaces sometimes do not represent realistic potential slip surfaces as documented in field
studies. When this occurs, the critical optimized surface shall be validated using another
program.
The St. Paul District has completed some analyses in regards to optimized failure surfaces that
appear to be a “V” shape. To date, the St. Paul District has been able to validate that the
factors of safety determined for these “V” shape failure surfaces are appropriate. Additional
investigation is warranted though.
5.3.7.

Levees Along the Diversion Channel

Levees are required only along the right bank of the diversion channel as they provide flood risk
management benefits to the Fargo-Moorhead Metro area. On the left bank, there is no
requirement to manage flood risk. The requirements for the right bank levee and the EMBs are
outlined in FMMFRM Memorandum for Record, “MFR-001, Levees and Excavated Material
Berms Along the Diversion Channel.” This MFR also discusses the requirements for vegetationfree and vegetation-management zone requirements for the levees and EMBs.
6. REVIEW
The MFR underwent DQC review and ATR review prior to signoff.
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MEMORANDUM FOR RECORD
SUBJECT: General Bridge Re-Assessment for the Diversion from Inlet to Outlet
1. References: References and supporting documentation are listed below.
1) Red River Diversion, Fargo-Moorhead Metro Flood Risk Management Project, Feasibility Study –
Phase 4 Volume 1 General Report. Prepared by Moore Engineering, Inc.; Houston Engineering,
Inc.; Barr Engineering Company; and HDR, Inc. February 28 2011
2) Figure 1 – Preliminary Engineering Report Diversion Profile (Attached)
2. Purpose: This MFR documents a change in the feasibility study design. The document outlines
factors leading to the change, key aspects of the change, and provides a USACE-Local Sponsor joint
recommendation for direction moving forward.
3. Summary: The project design in the Fargo-Moorhead Metro Feasibility (Phase 4) Report designates
that the diversion channel bridges are elevated 3 ft above the 0.2 % event water surface profile to
provide sufficient freeboard for the design event. This assumption allowed for the diversion bridges
to be omitted for hydraulic modeling purposes, as they would be high enough to have only a minor
impact on the water surface profile. Using this assumption, cost estimates were determined for the
Feasibility Report in Phase 4. After Phase 4 was completed, it was determined that additional detail
needed to be added to the hydraulic model to improve stability, run-time, and overall accuracy of
the results. This effort became Phase 5. The added detail also allowed for the model to handle
extreme events such as the Standard Project Flood (SPF) and the Probable Maximum Flood (PMF).
One of the added components to provide improved accuracy to the model for extreme events was
the inclusion of roadway bridges over the diversion channel. The Phase 5 modeling effort confirmed
that the plan presented in the feasibility is robust and, for the most part, conservative.
While Phase 5 dealt mostly with improving the detail of the hydraulic model, Phase 6 began
concurrently with the Value Engineering studies and currently deals with optimizing and reevaluating the design of the project features. During Phase 6, more consideration is being given to
the design of the low-flow channel, overall diversion slope, and final alignment of the diversion.
Rather than updating the bridges simply to maintain 3 ft of freeboard for the 0.2 % event water
surface elevation, it was suggested that a more detailed approach be taken to determine the
ultimate design heights of the bridges.
4. Feasibility Study (Phase 4) Design: The Feasibility level hydraulic modeling assumed that all bridges
were designed with 3 ft of freeboard for the 0.2 % event water surface profile. The bridges,
excluding railroad bridges, were not added to the hydraulic model until Phase 5 of the project.
Railroad bridges were still omitted in Phase 5. The assumptions for hydraulic modeling and cost are
as follows:
Hydraulic Assumptions for Phase 4 and Phase 5
A. The overall bridge length was set to be greater than the top width of the diversion channel.
The top width accounts for all needed benches in the diversion side slopes.
B. Maximum on-center span of 116 ft for road bridges.
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C. Pier width of 3 ft for all road bridges.
D. Girder plus deck thickness of 4.5 ft (from low chord to top of structure) for all road bridges.
No jersey barrier or guard rail was included in the model.
E. Consecutive bridges were grouped together and modeled as one single bridge.
F. There was assumed to be no camber in the bridges to be conservative for hydraulic
modeling.
G. Railroad bridges were not included in the hydraulic modeling
H. Low flows were modeled using the Highest Energy Answer considering the Energy,
Momentum and Yarnell equations. High flows were modeled as Pressure and/or Weir flow.
Relevant Cost Assumptions from Phase 4 for determining Cost per Deck Area
A. The superstructures for all bridges were prestressed concrete girders with cast in place
concrete decks.
B. Channel was 7:1 slopes with a 250’ channel bottom
C. Superstructure depth of approximately 5’-5” (54” prestressed girders w/ 11” deck/risers)
D. Bridge lengths for bridges with a deck elevation lower than the existing ground were based
on matching the bridge deck to the existing ground elevations
E. Bridge lengths rounded to the nearest 20’
F. Estimated 36’ bridge width on Co. Roads w/ estimated higher ADT’s and existing road widths
G. Single track rail bridges consisted of five 85 ft spans of 63” pre-stressed concrete beams
with composite concrete deck.
H. All assumptions can be found in further detail in the Feasibility Study – Phase 4, Volume 11 –
Appendix G – Exhibits I & J
5. Design Change for Phase 6: The recommended design change is to move away from designing the
bridges with 3 ft of low-chord freeboard for the 0.2 % event water surface profile toward designing
them to ensure that multiple criteria are satisfied. The criteria are listed here and summarized in
Table 1:
• Low chord at least 1 ft above the 0.2 % event water surface.
• Top of road deck or bottom of railroad ballast at least 1 foot above the diversion
levee design profile at each abutment (assuring that the top of road deck or bottom of
railroad ballast at least 1 foot above the diversion levee design profile at each
abutment means that design stages should not exceed a level at which they can flow
down a roadway or railway and enter the interior of the project area)
• Head-loss across a bridge or group of bridges is limited to less than 0.5 ft for events up
to the diversion levee design event.
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Table 1. Bridge Hydraulic Design Criteria
Bridge Design
Criteria
Desired Value to
Meet Criteria

Road/Rail Raise

Low-Chord Height
above 0.2% Event

Top of Road Deck or Bottom or
Railroad Ballast Height above
Diversion Levee Design Profile,
At the Right-Bank Levee

Headloss for
Diversion Levee
Design Event

Minimize

≥ 1.0 ft

≥ 1.0 ft

< 0.5 ft

Hydraulic Design Effort
Reasonable geometric and hydraulic assumptions are required to develop a plan for the bridges.
The Corps’ one-dimensional hydraulic model, HEC-RAS, was used to develop the water surface
profiles used for design and determine a minimum low-chord elevation that, given the assumptions,
meets all of the hydraulic design criteria. If there are deviations from the assumptions, the design
team is responsible for assuring that the hydraulic design criteria are still met. The following list and
Table 2 explain the assumptions made:
A. Diversion is modeled with the updated alignment, updated main channel slope, updated low
flow sizes, and updated low flow sinuosity across a 300 ft channel width. The top width and
conveyance of the diversion channel remain about the same width as in the Feasibility
design. Preliminary geotechnical results suggest that the location and extents of the
benching on the diversion side slopes maybe reduced.
B. At bridge locations, the diversion cross section is the same as what is required upstream and
downstream. Additional evaluation will be required if the diversion side slopes are
steepened to shorten the bridge lengths.
C. If modeling the top of bridge deck at existing road grade satisfies the elevation and headloss
criteria, the bridge will not be modified from existing grade.
D. The overall bridge length is reduced by moving in the abutments so that low chord to
channel side slope clearance is at least 3 ft.
E. Consecutive bridges will have aligned piers (successive piers of all consecutive bridges will
lay along a straight line). This applies to the two I-94 bridges and the group of four bridges
between Harwood and Argusville (the two I-29 bridges, County Road 81, and the railroad
bridge between I-29 and CR 81).
F. Average minimum on center spans between piers will be no less than 70 ft except for the
railroad bridge just downstream if the I-29 bridges where a minimum clear spacing as small
as 50 ft will be allowed to have aligned piers.
G. Pier width of 3 ft for road bridges and 7 ft for rail bridges.
H. Road bridges: low-chord to top of road thickness (girder plus deck thickness) is 5.4 ft; to
meet design criteria the top of deck will be above all design event profiles, therefore, a
jersey barrier or guardrail is not modeled.
I.

Rail bridges: grade raise applies to entire structure; low-chord to bottom of ballast thickness
(girder plus deck thickness) is 5.74 ft and ballast plus rail thickness is 2.50 ft so top of rail to
low chord thickness is 8.24 ft; open hand rails that do not cause obstruction to flow.

J.

There is assumed to be no camber in the bridges to be conservative for hydraulic modeling.
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K. Low flows will be modeled using the Highest Energy Answer considering the Energy,
Momentum and Yarnell (twin-cylinder piers without diaphragm, Yarnell K = 1.05) equations.
High flows will be modeled as Pressure and/or Weir flow.

Table 2. Bridge Geometry Assumptions for HEC-RAS Model

Structure

Station
(ft)

Assumed
Bridge
Opening
(ft)

Sheyenne Aqueduct
RRV&W RR

146991
143050

300
560

3.0
7.0

9
6

30.3
81.0

Assumed
Deck
Width,
Parallel to
Flow (ft)
65.0
20.0

Co Rd 14

142773

560

3.0

6

80.4

32.5

5.40

Co Rd 6
Co Rd 8
I-94 East Bound
I-94 West Bound
K.O. Subdiv RR
Co Rd 10
Maple Aqueduct
Co Rd 20
Prosper Subdiv RR
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81

131396
115574
89375
89199
86485
83937
70166
67843
66113
57101
40813
31489
31378
31166
31003

560
520
560
560
560
550
300
540
550
520
520
520
520
500
520

3.0
3.0
3.0
3.0
7.0
3.0
7.0
3.0
7.0
3.0
3.0
3.0
3.0
7.0
3.0

6
6
6
6
6
6
9
6
6
6
6
6
6
8
6

80.4
74.7
80.4
80.4
81.0
79.0
30.7
77.6
79.6
74.7
74.7
74.7
74.7
56.3
74.7

30.5
38.5
42.5
42.5
20.0
38.5
65.0
38.5
20.0
30.5
30.5
42.5
42.5
20.0
42.5

5.40
5.40
5.40
5.40
5.74
5.40
22.94
5.40
5.74
5.40
5.40
5.40
5.40
5.74
5.40

7668

520

3.0

6

74.7

32.5

5.40

Co Rd 4/Co Rd 31

Assumed
Pier
Width
(ft)

Assumed
Number
of Piers

Avg. Pier
OnCenter
Spans (ft)

Assumed
(Girder +
Deck)
Thickness
(ft)
23.30
5.74

Table 3 provides the design requirements, the results of the design criteria assessment, and estimates of
the road/rail raise and the top of road deck or bottom of railroad ballast elevation. The estimated top of
road deck or bottom of railroad ballast elevation, which is based on the assumed (girder + deck)
thickness provided in Table 2, is greater than the minimum required elevation (shown in the 4th column)
because the other design criteria control.
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Table 3. Bridge Design Criteria Assessment and Required Geometry
Bridge

Structure

2

Sheyenne Aqueduct
RRV&W RR
Co Rd 14
Co Rd 6
Co Rd 8
I-94 East Bound
I-94 West Bound
K.O. Subdiv RR
Co Rd 10
2
Maple Aqueduct
Co Rd 20
Prosper Subdiv RR
Co Rd 22
Co Rd 32
I-29 South Bound
I-29 North Bound
Hillsboro Subdiv RR
Co Rd 81
Co Rd 4/Co Rd 31

Requirements

Station
(ft)

LowChord
Elevation
to Satisfy
Design
Criteria
(ft)

Minimum
Top of
Road
Deck or
Bottom
of
Railroad
Ballast
Elevation
at RightBank
Levee (ft)

146991
143050
142773
131396
115574
89375
89199
86485
83937
70166
67843
66113
57101
40813
31489
31378
31166
31003

N/A
910.15
910.10
907.40
904.40
903.10
903.10
901.75
901.50
N/A
896.20
895.96
894.50
891.80
891.20
891.20
890.70
891.20

N/A
913.00
912.76
911.25
909.45
907.15
906.95
906.57
906.16
N/A
898.43
898.00
896.47
893.35
891.52
891.46
891.37
891.25

7668

886.20

886.83

Design Criteria Assessment
Top of Road
Deck or
Bottom or
Railroad
LowBallast
Head
Chord
Height
Loss for
Height
above
Diversion
above
Diversion
Levee
0.2%
Levee
Design
Event (ft)
Design
Event (ft)
Profile, At
the RightBank Levee
(ft)
N/A
N/A
N/A
4.8
3.9
0.2
4.8
3.7
0.3
3.3
2.5
0.4
1.6
1.3
0.4
2.3
2.4
0.2
2.3
2.5
0.3
1.1
1.9
0.3
1.0
1.7
0.3
N/A
N/A
N/A
1.1
4.2
0.3
1.1
4.7
0.4
1.1
4.4
0.4
1.1
4.8
0.3
3
2.0
6.1
0.1
3
2.1
6.1
0.1
3
1.7
6.1
0.1
3
2.3
6.4
0.2
1.2

5.8

0.3

Estimates

Road/Rail
Raise to
get LowChord
Elevation
(ft)

Top of
Road
Deck or
Bottom
of
Railroad
Ballast
Elevation
(ft)

N/A
0.0
0.0
0.0
2.8
0.0
0.0
1.2
4.7
N/A
3.7
2.2
3.9
4.4
7.9
8.0
8.9
8.1

N/A
915.9
915.5
912.8
909.8
908.5
908.5
907.5
906.9
N/A
901.6
901.7
899.9
897.2
896.6
896.6
896.4
896.6

5.6

891.6

1

Minimum top of road deck or bottom of railroad ballast elevation is one foot above the diversion
levee design profile.

2

Sheyenne and Maple aqueduct structures are included so that all crossings are listed.

3

These four bridges make up a group of bridges. The total head loss for this group of bridges is
required to be less than 0.5 foot.
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Advantages
A. Cost savings in reduction of overall bridge lengths. Bridges are shortened by between 50
and 200 ft.
B. Cost savings in the reduction of road/rail raises. Road raises are slightly less in general, with
most being 0 to 3 ft lower than in Feasibility.
Disadvantages
A. If the operation of the system changes drastically and more flow is passed down the
diversion, bridges may become overtopped at a more frequent event than anticipated.
B. Low chords of most bridges will become partially submerged during the diversion levee
design event.

6. Recommendation: As the project moves forward into further design submittals, the designers need

to communicate all changes to the hydraulic modeling team to ensure that water surface profiles
and corresponding bridge elevation requirements are updated and provided to County and Railroad
entities for bridge design.
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MEMORANDUM FOR RECORD
SUBJECT
Fargo-Moorhead Metropolitan Area Flood Risk Management Utility Relocation Requirements
REFERENCE
EM 1110-2-1913, Design and Construction of Levees
PURPOSE OF THIS MFR
This memorandum discusses general requirements for utility relocations within the FMM Flood
Risk Management Project. These requirements will aid impacted utility owners in developing a
relocation plan. These requirements are general; each utility relocation shall be reviewed by the
Corps of Engineers (COE) on a case-by-case basis.
The proposed diversion project consists of a wide, deep diversion channel flanked on both sides
by excavated material berms (Berms) and drainage channels. In addition, a levee will be
included within the right bank (facing downstream) berm. To facilitate project completion, all
existing utilities within the project work limits shall be either temporarily or permanently
relocated outside grading limits prior to the start of construction activities. Utilities not
permanently relocated prior to construction, shall be relocated after substantial completion of
project features or during construction with prior COE approval.
This memorandum does not discuss proposed utility crossings of “Tieback Embankments” near
the diversion inlet on the upstream end of the project. Requirements for these crossings will be
discussed in a separate Memorandum for Record.
RESPONSIBILITIES
The COE shall be responsible for the flood diversion project design, identification of potential
utility conflicts and for review and comment on utility relocation plans. The Local Sponsor shall
be responsible for coordination with utility owners impacted by the proposed project and
insuring that utility relocation plans are developed in a timely manner to insure relocations and
abandonments are completed prior to diversion channel construction. The COE design
schedule requires submittal of preliminary utility relocation plans a minimum of 30 days prior to
the applicable diversion channel reach 65% design completion date.
ALIGNMENT
Utility owners shall develop a plan for relocation of utilities (electric, water, sewer,
communication, gas, etc.) that cross or lie within the limits of the proposed work. Utility
companies shall submit proposed utility relocation plans to the COE for review and comment
prior to utility relocation construction. It is desired that the number of utility crossing locations
be minimized, so the use of utility corridors where multiple utilities cross on the same general
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location, is encouraged. If possible, all proposed utility crossings shall be aligned to cross
perpendicular to the channel centerline at the crossing location. Variations to the crossing angle
may be dictated by field conditions and the location of connecting utilities. Final crossing
location and orientation relative to the proposed channel alignment shall be approved by the
COE during project design stages.
Because of the large project footprint, and the need to keep the footprint clear of encroachments,
overhead utility crossings within project limits will be limited to utility corridors at bridge
locations. This requirement may be waived for electrical transmission lines where relocation to
corridors at bridge crossings would be considered impractical due to cost or other considerations.
All overhead utility crossings and relocations within the limits of the project shall be approved
by the COE prior to construction.
ABANDONMENT AND REMOVAL
Responsible utility companies shall disconnect, cap and abandon existing underground utility
lines located within the project limits. Abandoned underground utility lines will be removed as
necessary by the Flood Risk Management Project construction Contractor. Underground utility
lines not scheduled for removal by the Contractor, shall be capped and grouted in place.
Abandoned underground lines may be removed by the utility owner prior to construction with
approval of the COE. Overhead utility lines and poles shall be removed from project limits by
the responsible utility owner prior to construction.
CONSTRUCTION
1. Diversion Channel Crossings
a. Depth: The depth of channel excavation for most areas of the project exceeds 20 feet at
channel center. It is anticipated that some erosion of the channel may occur and an
assumption that 5 feet of erosion occurs shall be used when locating the minimum
elevation of the utilities. Heavy equipment will operate within the channel during
construction and during future maintenance activities. To protect utilities from erosion
and equipment surface loads, utilities crossing below the channel should be located a
minimum of 10 feet below the low flow channel invert. Utilities susceptible to freezing
(water & sewer) shall be located a minimum of 12.5 feet below the low flow channel
invert.
b. Method of Construction: Utilities placed in this area can be directionally drilled or open
cut.
i.

When installed using an open cut, bedding of utility lines within the pipe zone
shall be in accordance with State and Local guidance/regulations. Backfill above
the pipe zone shall consist of material excavated for utility placement. At a
minimum, the COE requires backfill to be compacted to 90% maximum density.
It is suggested that laboratory tests for moisture-density relations be made in
accordance with ASTM D698 (Standard Proctor); and field density tests be
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determined in accordance with ASTM D 2167 (Rubber Balloon Method) or
ASTM D 6938 (Nuclear Method), the density test results shall be verified by
performing an ASTM D 1556 density test at the start of the job and for every 10
ASTM D 6938 density tests.
ii.

When installed using directional drilling, drilling practices shall be in accordance
with ASTM F 1962.

c. Calculations are required to show that the line has adequate strength/flexibility to
withstand heavy equipment loading during construction and possible future channel
maintenance.
2. Levee Crossings
a. Method of Construction: Both open cut and horizontal directional drilling are acceptable
methods.
i.

If open cut is utilized, the trench shall extend beneath and 20’ beyond the proposed
levee prism. At the COE’s discretion, the new utility line may be required to be
encased in Controlled Low-Strength Material (CLSM) (specification attached).
When CLSM is required, the new utility line shall be placed on firm ground at the
bottom of the trench and CLSM shall be placed in the trench to 1 foot above the top
of pipe. The trench above the CLSM shall be backfilled with material excavated
from the trench. At a minimum, the COE requires backfill to be compacted to 90%
maximum density. It is suggested that laboratory tests for moisture-density relations
be made in accordance with ASTM D698 (Standard Proctor); and field density tests
be determined in accordance with ASTM D 2167 (Rubber Balloon Method) or ASTM
D 6938 (Nuclear Method), the density test results shall be verified by performing an
ASTM D 1556 density test at the start of the job and for every 10 ASTM D 6938
density tests.

ii.

If horizontal directional drilling is utilized, it shall be accomplished pursuant to the
attached “Guidelines for Installation of Utilities Beneath Corps of Engineers Levees
Using Horizontal Directional Drilling”, June 2002 and the St. Paul District’s
“Requirements for Horizontal Directional Drilling Under a Flood Barrier in the Red
River Valley.” The pipe entry or exit location shall be located no less that 300’ from
the centerline of the proposed levee on the protected side of the levee, and no less that
20’ from the centerline of the levee on the unprotected (channel) side.

b. Depth: Depth of lines shall be a minimum of 10 feet below existing ground.
c. Geotechnical analyses indicate that foundation materials are generally cohesive materials
not susceptible to piping. Calculations are required to show that the line has adequate
strength/flexibility to withstand the expected loading/settlement. Levees will be up to 15
feet high and settlement of the foundation materials is expected.
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3. Excavated Material Berm/Local Drainage Ditch Crossings (Below and 50 feet beyond the
proposed Berm/Ditch)
a. Method of Construction: Utilities placed in this area can be directionally drilled or open
cut.
i.

When installed using an open cut, bedding of utility lines within the pipe zone
shall be accordance with State and Local guidance/regulations. Backfill above the
pipe zone shall consist of material excavated for utility placement. At a
minimum, the COE requires backfill to be compacted to 90% maximum density.
It is suggested that laboratory tests for moisture-density relations be made in
accordance with ASTM D698 (Standard Proctor); and field density tests be
determined in accordance with ASTM D 2167 (Rubber Balloon Method) or
ASTM D 6938 (Nuclear Method), the density test results shall be verified by
performing an ASTM D 1556 density test at the start of the job and for every 10
ASTM D 6938 density tests.

ii.

When installed using directional drilling, drilling practices shall be in accordance
with ASTM F 1962.

b. Depth: Depth of bury shall be set by the utility company assuming that the area under
the material berm will be stripped of topsoil (average thickness 18”– 24”) prior to berm
construction, and heavy equipment will be operated over the entire area. The excavated
material berm will be up to 15 feet high, and could possibly be excavated to existing
ground at some point in the future. In addition, there will be local drainage ditches
constructed along the outside toe of the berm; ditches may be constructed to a depth of 6
feet or more below grade. It is recommended that the depth of bury for utilities in this
area be a minimum of 3.5 feet below stripped topsoil, and 3.5 feet below ditch inverts
where utilities cross drainage ditches. In the case of water and sewer lines that must be
protected from frost, the recommended minimum depth should be 7.5 feet below stripped
topsoil depth and 7.5 feet below ditch inverts at ditch crossings.
c. Calculations are required to show that each utility line has adequate strength/flexibility to
withstand the expected loading/settlement. Berms will be up to 15 feet high and
settlement of the foundation materials is expected.
4. Other Areas
a. Utility crossings for all areas not covered by levee, berm or channel crossing shall be
designed to withstand heavy loading from construction equipment and shall meet
minimum frost protection depths as required.
b. Utilities running parallel to the channel alignment must be located a minimum of 20 feet
outside the outer most toe of levee/berm/ditch as applicable.
5. Submittal Requirements: Note that the Corps may take up to 30 days to review and accept
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submittal documents. Acceptance is required before relocation construction commences.
a.
b.
c.
d.

Alignments as described in paragraph ALIGNMENT above
Design calculations (as necessary)
Locations of utility line markers or above ground appurtenances
Work Plan: Indicate the intended sequence of work. Describe how connection to existing
utility line will be accomplished. Include the type of and number of pieces of equipment
that will be used during construction. Include a schedule which outlines construction,
testing and start-up dates.
e. Testing reports:
i.
ii.

Results of leak and/or burst test testing, and any other testing shall be submitted;
When directional drilling is used submittals and testing referenced in “Guidelines for
Installation of Utilities Beneath Corps of Engineers Levees Using Horizontal
Directional Drilling”, Chapter 2, paragraph “Permit Application Submittal” will be
required. (Please note that the utility will not be applying for a COE permit as
mentioned in this document. For this project, the COE will be approving submittals
in lieu of issuing a permit).

f. Product Data-Materials: Pipe, valves, fittings & appurtenances.
g. As-Built Drawings: Submit As-Built drawings for the complete utility line relocation
showing complete detail, including trench dimensions, pipe profile, valve locations,
connection box locations, manholes, etc..
h. The Corps of Engineers shall be notified a minimum of 30 days prior to start of
construction. COE may view and inspect the relocation during construction, and shall be
allowed access to the site to perform such activities.
i. Letter from designer of record verifying that project design meets all applicable
governmental, COE and industry design standards.
RAPID CLOSURE VALVES
The need for rapid closure valves is dependent upon the type of utility relocation. Generally,
rapid closure valves will be required on each side of pressure pipe crossings. The purpose of the
valves is to provide pipeline isolation in the event of leakage, rupture, repairs or relocation. The
rapid closure valves shall be located a minimum of 20 feet beyond the outermost project feature
(i.e., levee, berm or drainage ditch).
CASING FOR UTILITY LINES
It is recommended that all pressurized utility lines (sewer, water and gas) crossing under the
channel and levee be cased. The use of casing pipe should also be considered for other utility
crossings. In general, casing pipe material shall be limited to one that can be joined together
continuously, while maintaining sufficient strength to resist the high tensile stresses imposed
during the pullback operation. When used, the COE recommends the use of HDPE or steel pipe.
All casing specifications shall be submitted to the COE for review and comment prior to
installation.
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Casings shall serve the following two purposes:
1) If a line ruptures under the project, the casing pipe protects the project from damage from the
escaping fluids and;
2) If a line needs repair, the carrier pipe can be pulled and repaired/replaced, then installed back
within the casing pipe; avoiding the need for excavation to repair utility lines.
MAINTENANCE AND ABANDONMENT PLAN
Responsible utility owners shall prepare a maintenance and abandonment plan for all utilities
located within the limits of the subject project. The plan shall address applicable facility
maintenance, leakage, repair (if applicable) and abandonment. All piping shall be provided with
metallic marking tape or other applicable passive marking system to facilitate utility location by
field personnel for future maintenance and repair.
CROSSING IDENTIFICATION
Color coded fiberglass service line marker posts shall be provided for all underground utilities at
each crossing point (wet and dry side). Markers (Length 72”; width 1”.) shall identify service
lines, valves & underground property
AS BUILT REQUIREMENTS
Utility owner shall provide As-Built plans and As-Built survey data to COE for all relocations
within the limits of the subject project. As-Built drawings shall be submitted in electronic format
(Microstation is preferred). SDSFIE-compliant survey point data shall be submitted in ASCII
text or shape file format. FGDC-compliant metadata files shall be submitted which describes, in
general, when the as-built survey was conducted, who conducted the survey, how it was
conducted, and the accuracy of the survey data. Surveys should be done in the project spatial
reference system:
NAD83 (NSRS2007), North Dakota State Plane Coordinate System, South Zone
NAVD 88 (GEOID09)
US Survey Feet
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ATTACHMENT 1
Guidance Pertaining to Horizontal Directional Drilling Under a Flood Barrier/Channel

GUIDANCE
Pertaining to
Horizontal Directional Drilling Under a Flood Barrier/Channel

The following information and guidance pertains to horizontal directional drilling (HDD)
under an engineered flood barrier (i.e floodwall, levee embankment, diversion channel).
The two primary concerns with horizontal directional drilling (HDD) beneath a levee or
floodwall are:
1. Hydrofracturing (drilling fluid pressure exceeding the tensile strength of the soil)
the foundation soils beneath the flood barrier during drilling operations.
2. Development of a preferential seepage path along the pipeline/utility after
installation.
Generally, the COE would require the following information in the permit application for
any utilities installed by HDD that pass beneath a flood barrier.
1. Proposed drill path alignment (both plan and profile views).
2. Location of entry and exit points.
3. Proposed depth of cover.
4. Diameter of the borehole, diameter of pipe and type of pipe to be installed, if
used, or diameter of utility.
5. Proposed method to fill annulus.
6. Location, elevations, and clearances of all utility crossings and structures.
Based on our recent experience, we feel comfortable with the following
recommendations/guidelines:
•

Allow the Contractor to proceed without actively monitoring the drill pressures.
Suggest that only fresh drilling mud be used. It may not be necessary to insist on
this provision depending on the length of flood barrier to be traversed, however it
will be easier to maintain a proper viscosity if clean mud is used.

•

If “mud motor” HDD technology is used, hold the density of the drilling fluid as
close as possible to 8.4 lbs/gallon (or 45seconds/quart in a Marsh Funnel).

•

Bentonite can be used to fill the annulus.

•

Generally, depth of burial should be at least 10 feet below grade where the utility
passes under the flood barrier.

•

Fluid jetting methods should not be used as a means of cutting beneath a flood
protection project.

•

The Contractor will be responsible for repairing any soil fracturing, drilling fluid
reaching the surface, etc. as well as any slope failure resulting from the drilling
process. The Contractor should note any spots where fluid loss occurs, and the
COE should get a record of the amount of fluid loss as well as the location.

•

Prior to commencing, the Contractor should explain their method for maintaining
directional control during drilling operations. In other words, how will he/she
verify where the bit is horizontally and vertically so that it does not accidentally
wander beneath the levee foundation any more than absolutely necessary?

•

The Contractor should provide an “as-built” drawing upon completion of the
directional drilling and installation of the line. This drawing should include
alignment & profile data.

•

It should be plainly stated that any foundation or flood barrier damage resulting
from the directional drilling will be repaired by the Contractor to City/Gov’t.
specifications at Contractor expense.

•

The Contractor should be informed that the suspension of the requirement to
actively monitor downhole pressures does not relieve them of the ultimate
responsibility of leaving the flood barrier foundation in the same condition, as it
was before the horizontal drilling procedure was undertaken.
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SECTION 03 22 70.01 13
CONTROLLED LOW-STRENGTH MATERIAL (CLSM)
04/12
PART 1
1.1

GENERAL
REFERENCES

All publications referenced shall be the most current version, edition,
standard, latest revision, or reapproval unless otherwise stated. The
following publications and standards listed below will be referred to only
by the basic designation thereafter, and shall form a part of this
specification to the extent indicated by the references thereto:
ASTM INTERNATIONAL (ASTM)
ASTM C 33/C 33M

(2011a) Standard Specification for
Concrete Aggregates

ASTM C 94

(2011b) Ready-Mixed Concrete

ASTM C 150

(2011) Standard Specification for Portland
Cement

ASTM C 220

(1991; R 2009) Standard Specification for
Flat Asbestos-Cement Sheets

ASTM C 618

(2008) Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use as a Mineral
Admixture in Portland Cement Concrete

ASTM C 685

(2010) Concrete Made by Volumetric
Batching and Continuous Mixing

ASTM C 940

(2010a) Expansion and Bleeding of Freshly
Mixed Grouts for Preplaced-Aggregate
Concrete in the Laboratory

ASTM D 4832

(2010) Preparation and Testing of
Controlled Low Strength Material (CLSM)
Test Cylinders

ASTM D 5971

(2007) Standard Practice for Sampling
Freshly Mixed Controlled Low-Strength
Material

ASTM D 6023

(2007) Standard Test Method for Density
(Unit Weight), Yield, Cement Content, and
Air Content (Gravimetric) of Controlled
Low-Strength Material (CLSM)

ASTM D 6103

(2004) Standard Test Method for Flow
Consistency of Controlled Low Strength
Material (CLSM)
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1.2

DESIGN REQUIREMENTS

Controlled Low-Strength Material (CLSM) mixture proportion shall consist of
100 pounds or less of portland cement plus fly ash per cubic yard;
pozzolan; sand; water; and a fluidifier, if required to obtain the required
slump. The CLSM fill mixture proportion shall have a flow consistency of
more than 8 inches. The flow consistency shall be determined in accordance
with ASTM D 6103. CLSM fill shall have a compressive strength of 100 psi
at 28 days. The compressive strength of the CLSM shall be determined in
accordance with ASTM D 4832 after being made and cured in accordance with
ASTM D 4832. The mixture proportions shall be reported in accordance with
ASTM C 94. If the CLSM is to be placed using a concrete pump, the mixture
proportions shall be designed so that it will not segregate in the pump
line under pressure or when there is an interruption in flow.
1.3

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. Submit the following in
accordance with Section 01 33 00 SUBMITTAL PROCEDURES:
SD-01 Data
On-Site Batching and Mixing
Water Reducing
Concrete Mixture Proportions
The Contractor shall submit manufacturer's literature from suppliers
which demonstrates compliance with applicable specifications for all
equipment and materials.
SD-07 Schedules
Placing
The methods and equipment for transporting, handling, and depositing
the CLSM backfill and CLSM fill shall be submitted to the Contracting
Officer prior to the first placement.
SD-08 Statements
Concrete Mixture Proportions
CLSM mixture proportions shall be the responsibility of the Contractor
and shall be designed in accordance with the criteria in paragraph
DESIGN REQUIREMENTS. Ten days prior to placement of CLSM, the
Contractor shall submit to the Contracting Officer the mixture
proportions that will produce CLSM of the qualities required. Mixture
proportions shall include the dry weights of cementitious material(s);
and saturated surface-dry weights of the fine aggregate; the
quantities, types, and names of admixtures; and quantity of water per
cubic yard of concrete. All materials included in the mixture
proportions shall be of the same type and from the same source as
will be used on the project.
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SD-09 Reports
CLSM Mixture Proportions Tests
Applicable test reports shall be submitted to verify that the CLSM
mixture proportions selected will produce CLSM of the quality
specified. The results of all tests and inspections conducted at the
project site shall be reported informally at the end of each shift and
in writing weekly and shall be delivered to the Contracting Officer
within 3 days after the end of each weekly reporting period.
SD-13 Certificates
Cement
Cementitious Material will be accepted on the basis of a manufacturer's
certificate of compliance.
Aggregates
Aggregates will be accepted on the basis of certificate of compliance
that the aggregates meet the requirements of the specifications under
which it is furnished.
PART 2
2.1

PRODUCTS
MATERIALS

2.1.1

Ready-Mixed Concrete

Ready-mixed concrete shall conform to ASTM C 94, except as otherwise
specified.
2.1.1.1

Volumetric Batching and Continuous Mixing

Volumetric batching and continuous mixing shall conform to ASTM C 685.
2.1.1.2

On-Site Batching and Mixing

The Contractor shall have the option of using an on-site batching and
mixing facility. The method of measuring materials, batching operation,
and mixer shall be submitted for review by the Contracting Officer.
On-site plant shall conform to the requirements of either ASTM C 94 or
ASTM C 685.
2.1.2

Portland Cement

Portland Cement shall conform to ASTM C 150, Type I or II, low alkali.
2.1.3

Pozzolan

Pozzolan shall be Class F or C fly ash conforming to ASTM C 618.
2.1.4

Sand

Sand shall meet the requirements of fine aggregate of ASTM C 33/C 33M.
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2.1.5

Fluidifier

The fluidifier shall give the CLSM fill the following salient
characteristics:
a. must have less than 1 percent bleed water in accordance with
ASTM C 940
b. have an initial set time of more than 5 hours in accordance with
ASTM C 220 modified by using a Ferioli apparatus
c. have a flow consistency equal to or more than 8 inches in accordance
with ASTM D 6103
d. have a compressive strength of 100 psi at 28 days in accordance with
ASTM D 4832
e. maintain a homogeneous mixture during pumping
1. Quantity of admixture(s) required in the mixture proportion is
governed by the salient characteristics specified.
2. The admixture shall be added as directed by the manufacturer,
in most cases it added to the CLSM at the job site and mixed for a
minimum of 5 minutes at mixing speed.
2.1.6

Water

Water shall be potable water that is fresh, clean, and free from sewage,
oil, acid, alkali, salts, or organic matter.
2.2

MIXING AND TRANSPORTING

The CLSM shall be mixed and transported in accordance with ASTM C 94.
PART 3
3.1

EXECUTION
TRENCH PREPARATION

Once the trench has been dug it shall be cleaned of all loose material and
debris to the satisfaction of the Contracting Officer before any CLMS fill
is placed. The new utility pipeline shall be placed on firm ground at the
bottom of the trench and a minimum of 1 foot of CLSM fill shall be placed
above the top of the pipeline. The pipeline shall be securely anchored to
maintain its position and prevent it from any movement during placement of
the CLSM.
3.2
3.2.1

PLACEMENT
General

CLSM placement shall not be permitted when, in the opinion of the
Contracting Officer, weather conditions prevent proper placement. When
CLSM is mixed and/or transported by a truck mixer, the CLSM shall be
delivered to the site of the work and discharge shall be completed within
1-1/2 hours (or 45 minutes when the placing temperature is 85 degrees F or
greater unless a retarding admixture is used). The fluidifier shall not be
added to the Ready Mix trucks until they have arrived onsite. The
fluidifier shall be added to each truck at the proper dosage rate and mixed
April 2012
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for 5 minutes and no more than 15 minutes before it is placed. CLSM shall
be conveyed from the mixer to point of placement as rapidly as practicable
by methods which prevent segregation or loss of ingredients.
3.2.2

Consolidation

Consolidation of the CLSM will not be required.
3.3

TESTS

3.3.1

General

The individuals who sample and test CLSM as required in this specification
shall have demonstrated a knowledge and ability to perform the necessary
test procedures equivalent to ACI minimum guidelines for certification of
concrete Field Testing Technicians, Grade I.
3.3.2

Inspection Details and Frequency of Testing

3.3.2.1

Flow Consistency

Flow consistency shall be checked once during each shift that CLSM is
produced for each class of concrete required. Samples shall be obtained in
accordance with ASTM D 5971 and tested in accordance with ASTM D 6103.
Whenever a test result is outside the specifications limits, the CLSM shall
not be delivered to the placement and an adjustment should be made in the
batch weights of water and fine aggregate. The adjustments are to be made
so that the water-cement ratio does not exceed that specified in the
submitted CLSM mixture proportion.
3.3.2.2

Compressive-Strength Specimens

At least one set of test specimens shall be made each day on CLSM placed
during the day or every 10 cubic yards placed. Additional sets of test
cylinders shall be made, as directed by the Contracting Officer, when the
mixture proportions are changed or when low strengths are detected. A
random sampling plan shall be developed by the Contractor and approved by
the Contracting Officer prior to the start of construction. The plan shall
assure that sampling is accomplished in a completely random and unbiased
manner. A set of test specimens for concrete with strength as specified in
paragraph DESIGN REQUIREMENTS shall consist of six cylinders, one tested at
7 days, one tested at 14 days, and two tested at 28 days. Two cylinders
shall be tested as directed. Test specimens shall be molded and cured in
accordance with ASTM D 4832 and tested in accordance with ASTM D 4832. All
compressive strength tests shall be reported immediately to the Contracting
Officer.
3.3.3

Density

At least one set of test specimens shall be made each day on CLSM placed
during the day or every 20 cubic yards placed. A random sampling plan
shall be developed by the Contractor and approved by the Contracting
Officer prior to the start of construction. The plan shall assure that
sampling is accomplished in a completely random and unbiased manner. Test
procedures and calculations shall be in accordance with ASTM D 6023.
3.3.4

Reports

The Contractor shall prepare reports of all tests and inspections conducted
April 2012
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at the project site.
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Introduction

Background
Early methods of installing pipelines and utilities across rivers and streams
involved excavation of trenches. After the placement of the pipeline, the trenches
were backfilled to protect the pipeline from hazards. These early dredged crossings were generally sited at the channel crossing of the thalweg between bends of
the river. Here the river is generally a wide, shallow rectangle. This location is
chosen because of its hydraulic stability and the economic limitation of the
dredging equipment.
In and across the U.S. Army Engineer Division, Mississippi Valley (MVD),
lies the heart of the pipeline transmission network of the United States. Hundreds
of individual pipelines traverse from Texas and out of the Gulf of Mexico across
the numerous rivers, bayous, and wetlands of Louisiana to service the northeast
population centers on the Atlantic coast. Along the leveed banks of the lower
Mississippi River, pipeline crossings exist between almost every bendway. The
crossings of these earthen flood control structures present a difficult and expensive construction problem resulting from concerns about the integrity of the levee
which may be subjected to sliding, piping, and erosion failures.

Horizontal Directional Drilling Method
In the early 1970s, a new process was introduced to install pipelines by use
of horizontal directional drilling (HDD) techniques acquired from the oil and gas
industry. The method has steadily grown to achieve worldwide acceptance and
has been used in over 3,000 installations totaling over 1,288 km (800 miles) of
pipelines. Today pipeline installations increasingly rely upon HDD technology as
the primary method for crossings of watercourses, wetlands, utility corridors,
roads, railroads, shorelines, environmental areas, and urban areas.
The placement of pipelines by the HDD method requires the drilling of a
guided pilot bore, generally using a 7.3- to 11.43-cm- (2-7/8- to 4-1/2-in.-) diam
drill pipe. At the lead, or downhole, end of the pilot string is a fluid powered
cutting tool. The cutting tool is either a drill motor to which a bit is connected or
a jet bit with nozzles. Drilling fluid is pumped through the string, and fluid
causes the motor to rotate which turns the bit to cut the hole. With jet bits, the
velocity from the jet nozzle erodes the hole in front of the drill pipe. Located
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behind the drill head is a section of the drill pipe with a small bend or angular
deviation. This section, known as a bent sub or bent housing, allows the motor or
jet nozzle to be directed. A steering tool is latched onto a locking tool on the drill
pipe. In this steering tool are a magnetometer and other devices to determine the
azimuth, inclination, and orientation of the tool or tool face. Position determinations are made, and the data from the steering tool are plotted in the field to
determine the profile and alignment of the bore. Analysis of this position plot is
then used to determine drilling progress and path. At a desired location, the pilot
drill pipe exits the ground. The pilot bore is then enlarged by pulling reaming
tools back through the bore. Once this operation is completed, the pipeline or
conduit is attached to the drill pipe and pulled back through the predrilled bore.
This is accomplished as the drill pipe is removed, joint by joint, from the drilled
path until the pipeline reaches the ground surface at the entry end of the bore.
One of the primary parameters in horizontal directional drilling is the drilling
fluid or mud. The drilling mud is usually comprised of a bentonite and water
mixture with the main function to power the downhole cutting tool used to open
the bore. Secondary functions of the drilling mud are to serve as a lubricant for
the pipeline during installation and, in cases of rock or hard ground bores, to
remove cuttings from the bore.
The use of HDD has been restricted, in part, by major misunderstandings of
how the HDD process actually functions. It is assumed by many that it is similar
to well drilling or tunneling in that an open bore is required. This is true only in
hard geologic materials such as rock. The majority of HDD pipeline crossings
installed to date have been performed in soft ground comprised chiefly of alluvial
deposits of silts, sand, and clay. In these types of soils, the process begins with a
small pilot bore from which various cutters are inserted to loosen the soil as it is
mixed into a slurry by injection of the drilling mud. Once this slurry pathway has
been made large enough, generally 25.4 to 30.5 cm (10 to 12 in.) greater than the
diameter of the pipeline, the installation of the pipeline commences by pulling
the pipeline back through the soft slurry pathway. Some of the in situ soil and
fluid are then compressed into the formation, and the remainder of the soil is
actually pumped out of the path.
The information in this report represents some of the experiences of the
Corps of Engineer (CE) Districts involving HDD for installation of utilities under
levees. The experience of the U.S. Army Engineer District (USAED), St. Louis,
in dealing with installation of communications systems was identified as having
wide applicability to the Corps. Engineering documentation from two St. Louis
District projects, the set of guidelines presented in “Installation of Pipelines
Beneath Levees Using Horizontal Directional Drilling” (Staheli et al. 1998),
Engineer Manual (EM) 1110-2-1913 (Headquarters, Department of the Army
(HQDOA) 2000), and the State of California Department of Transportation
(CalTrans) Encroachment Permits, “Guidelines and Specifications for Horizontal
Directional Drilling Installations” (Morones 2000), provided the basis for this
report. A paper on the subject was presented at the Corps Infrastructure Systems
Conference in August 2001.
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Problem Identification
Although horizontal directional drilling could offer cost-effective, safe alternatives to installing pipelines with open trenching, the CE has no standard guidelines allowing the installation of pipelines with this construction method. As a
result, permitting policies are extremely varied and some districts strictly prohibit
the use of this technique. While recommended guidelines for pipeline installation
using HDD were developed for use by the CE Districts through this work unit
back in 1998, as part of a lengthy and detailed EM, the guidelines were not
readily recognized by permitting offices as applicable to the questions they face.
Also, there is growing pressure on Corps offices particularly by communications
companies to install cables under levees.

Objectives
The objectives are to provide and distribute this information to targeted
potential users like the CE District permitting offices and engineers that receive
applications from utility companies to install utilities under levees. This report
addresses those questions and helps CE offices with the growing pressure they
are receiving from private companies to allow them to install cables/pipelines
under levees. These guidelines are presented in a quick and organized manner
that will provide criteria by which to evaluate proposals (e.g., application review,
approving, disapproving, and/or making recommendations) for levee crossings,
beneath rivers, and within levee rights-of-way using HDD techniques without
endangering the levees; and the use of HDD for pipeline installation in areas
where the installation technique might be applicable and capable of providing a
tremendous cost savings to the Corps of Engineers and the pipeline industry.
These guidelines will also help to demonstrate that, very often, these techniques
offer substantial economic and operational advantages over current practices.
Last but not least, these guidelines will help us stay involved in the development
of this fast and fairly new emerging technology.

Potential Benefits
The pipeline industry would realize a tremendous benefit from the use of
HDD in crossing of flood control levees. This benefit would include significant
cost reduction in construction and maintenance presently required for levees and
adjacent road crossings such as bridges, concrete boxes, earthen cover, and
ramps. The use of the technique could also benefit the Corps of Engineers by:
(a) eliminating blockage of levee crown from buried pipelines, pipeline bridges,
or conduit boxes, (b) eliminating differential settlement imposed on levees by the
construction of buried pipelines, pipeline bridges, or conduit boxes, (c) improving the operation and safety of grass cutting and other maintenance equipment on
the levees, and (d) reducing risk of rupture of pipelines located above or near
ground surface on levee slopes, (e) reducing disruption in urban areas, and
(f) providing better public acceptance and increasing environmental
consciousness.
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Potential Problem
While considering any alteration request, the District’s prime objective is to
protect the integrity of the flood protection systems. In the case of HDD,
designers must be aware and take into account during the design stage the
following:
a. Hydrofracture during installation.
b. Preferred seepage path after construction.
To allow third parties to utilize HDD techniques, the District needed methods
and processes to prevent these problems from occurring.

4
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HDD Guidelines and
Specifications

Permit Application Submittal
The permit application package should contain the following information in
support of the permit application.
a. Location of entry and exit point.
b. Equipment and pipe layout areas.
c. Proposed drill path alignment (both plan and profile view).
d. Location, elevations, and proposed clearances of all utility crossings and
structures.
e. Proposed depth of cover.
f.

Soil analysis.

g. Product material (HDPE/steel), length, diameter-wall thickness, reamer
diameter.
h. Detailed pipe calculations, confirming ability of product pipe to withstand installation loads, and long-term operational loads.
i.

Proposed composition of drilling fluid (based on soil analysis) viscosity
and density.

j.

Drilling fluid pumping capacity, pressures, and flow rates proposed.

k. State right-of-way lines, property, and other utility right-of-way or
easement lines.
l.

Elevations.

m. Type of tracking method/system.
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n. Survey grid establishment for monitoring ground surface movement
(settlement or heave) because of the drilling operation.
o. Contractor’s work plan (see page 11 in this document).
All additional permit conditions shall be set forth in the special provisions of the
permit.
Table 1 outlines recommended depths for various pipe diameters:
Table 1
Recommended Minimum Depth of Cover1
Diameter

Depth of Cover

50 mm (2 in.) to 150 mm (6 in.)

1.2 m (4 ft)

200 mm (8 in.) to 350 mm (14 in.)

1.8 m (6 ft)

375 mm (15 in.) to 600 mm (24 in.)

3.0 m (10 ft)

625 mm (25 in.) to 1,200 mm (48 in.)

4.5 m (15 ft)

1

These depths do not apply for crossing under flood protection projects.
(Permission to reprint granted by California Department of Transportation, Office of Encroachment
Permits, January 10, 2001).

The permittee/contractor shall, prior to and upon completion of the directional drill, establish a Survey Grid Line and provide monitoring.
Upon completion of the work, the permittee shall provide an accurate as-built
drawing of the installed pipe.

Soil Investigations
A soil investigation should be undertaken. This investigation must be suitable for the proposed complexity of the installation to confirm ground conditions.
Soil analysis
Common sense must be utilized when requiring the extensiveness of the
soil analysis. A soil analysis is required in order to obtain information on the
ground conditions that the contractor will encounter during the HDD operation.
If the contractor can go to the project site and complete an excavation with a
backhoe to 0.03 m (1 ft) below the proposed depth of the bore, that is a soil
investigation. In all cases when an excavation is made in creating an entrance and
exit pit for an HDD project, that is also an example of a soil investigation. The
HDD process is in itself a continual and extensive soil analysis as the pilot bore
is made. As the varying soils and formations are encountered, the drilling slurry
will change colors, therefore providing the contractor with continual additional
information.

6
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The purpose and intent of the soil analysis is to assist the contractor in developing the proper drilling fluid mixture and to ensure the CE and the Levee Board
that the contractor is aware of the conditions that do exist in the area of the proposed project. This prepares the contractor in the event they should encounter a
zone of pretectonics and that they would need additives or preventive measures
in dealing with inadvertent returns (hydrofractures).
The discretion on the extensiveness of the soil analysis is left to each individual CE District permitting office and/or Levee Board, respectfully, for their
respective areas. The HDD inspector/geotechnical engineer plays a large role in
assisting the District Permitting Office and Levee Board in making decisions on
the extensiveness. Each individual HDD inspector/geotechnical engineer has a
general knowledge of the soil conditions in their area of responsibility.
In many circumstances, the soil information has already been prepared, either
by the CE District, Levee Board, or by City and County Entities. This information, if available, should be provided to the requesting permittee.
Determination of soil investigations
The CE District Geotechnical Engineer (DGE) should determine the extensiveness of the Soil Investigation to be performed based on the complexity of the
HDD operation. DGE may recommend, according to the guidelines listed below,
a combination of or modification to the guideline to fit the following respective
areas:
a. Projects less than 152 mm (500 ft) in length, where the product or casing
is 20 cm (8 in.) or less in diameter.1
(1) A field soil sampling investigation to a depth of 0.3 m (1 ft) below
the proposed drilling.
(2) Subsurface strata, fill, debris, and material.
b. Projects less than 244 m (800 ft) in length, where the product or casing is
36 cm (14 in.) or less in diameter.1
(1) A field soil sampling investigation to a depth of 0.3 m (1 ft) below
the proposed drilling.
(2) Subsurface strata, fill, debris, and material.
(3) Particle size distribution (particularly, percent gravel and cobble).
c. Projects where the product or casing is 41 cm (16 in.) or greater in diameter. A geotechnical evaluation by a qualified soil engineer is necessary
to determine the following:1

1

Does not apply when crossing a flood protection project.
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(1) Subsurface strata, fill, debris, and material.
(2) Particle size distribution (particularly percent gravel and cobble).
(3) Cohesion index, internal angle of friction, and soil classification.
(4) Plastic and liquid limits (clays), expansion index (clays), soil
density.
(5) Water table levels and soil permeability.
d. Projects where the product or casing is 61 cm (24 in.) or greater in diameter, or when project crosses flood control projects. A geotechnical
evaluation by a qualified soil engineer is required to determine the
following:
(1) Subsurface strata, fill, debris, and material.
(2) Particle size distribution (particularly, percent gravel and cobble).
(3) Cohesion index, internal angle of friction, and soil classification.
(4) Plastic and liquid limits (clays), expansion index (clays), soil
density, and standard penetration tests.
(5) Rock strength, rock joint fracture and orientation, water table levels,
and soil permeability.
(6) Areas of suspected and known contamination should also be noted
and characterized.
Boreholes or test pits should be undertaken at approximately 75- to 125-m
(250- to 410-ft) intervals where a proposed installations greater than 305 m
(1,000 ft) in length and parallel to an existing road. Additional boreholes or test
pits should be considered if substantial variations in soil conditions are
encountered.
Should the soil investigation determine the presence of gravel, cobble, and/or
boulders, care should be exercised in the selection of drilling equipment and
drilling fluids. In such ground conditions, the use of casing pipes or washover
pipes may be required or specialized drilling fluids utilized. Fluid jetting methods
used as a means of cutting should only be considered where soils have a high
cohesion such as stiff clays. Jetting should not be allowed when crossing under a
flood protection project.

Preconstruction and Site Evaluation
The following steps should be undertaken by the permittee/contractor in
order to ensure safe and efficient construction with minimum interruption of
normal, everyday activities at the site:

8

Chapter 2 HDD Guidelines and Specifications

a. Notify owners of subsurface utilities along and on either side of the proposed drill path of the impending work through USA alert (the one-call
program). All utilities along and on either side of the proposed drill path
are to be located.
b. Obtain all necessary permits or authorizations to carry construction
activities near or across all such buried obstructions.
c. Expose all utility crossings using a hydroexcavation, hand excavation, or
other approved method (potholing) to confirm depth.
d. Arrange construction schedule to minimize disruption (e.g., drilling
under major highways and/or river crossings).
e. Determine and document the proposed drill path, including horizontal
and vertical alignments and location of buried utilities and substructures
along the path.
The size of excavations for entrance and exit pits should be of sufficient size
to avoid a sudden radius change of the pipe and consequent excessive deformation at these locations. Sizing the pits is a function of the pipe depth, diameter,
and material. All pits, over 1.52 m (5 ft) in depth must abide by Occupational,
Safety, and Health Administration (OSHA) regulations.
Prior to commencement of the project, the area should be physically walked
over and visually inspected by District Geotechnical Engineer, the driller, and
members of the Levee Board for potential entry/exit sites. The following should
be addressed:
a. When on CE/Levee Board property, it should be established whether or
not there is sufficient room at the site for: entrance and exit pits; HDD
equipment and its safe unimpeded operation; support vehicles; fusion
machines; aligning the pipe to be pulled back in a single continuous
operation.
b. Suitability of soil conditions should be established for HDD operations.
(The HDD method is ideally suited for soft subsoils such as clays and
compacted sands. Subgrade soils consisting of large grain materials like
gravel, cobble, and boulders make HDD difficult to use and may contribute to pipe damage.)
c. The site should be checked for evidence of substructures, such as manhole covers, valve box covers, meter boxes, electrical transformers, conduits or drop lines from utility poles, and pavement patches. HDD may
be a suitable method in areas where the substructure density is relatively
high.
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Installation Requirements
The permittee shall ensure that appropriate equipment is provided to facilitate
the installation: in particular, the drill rig shall have sufficient pulling capacity to
meet the required installation loads determined by the detailed pipe calculations.
The drill rig should have the ability to provide pull loads, push loads, torque, and
the permittee shall ensure that they are monitored during the drilling operation.
The permittee shall ensure the drill rod can meet the bend radii required for the
proposed installation (a general rule of thumb is 100 times, in feet, the diameter
of the installed pipe in inches).
During construction, continuous monitoring and plotting of pilot drill
progress shall be undertaken. This is necessary to ensure compliance with the
proposed installation alignment and allow for the undertaking of appropriate
course corrections that would minimize “dog legs,” should the bore begin to
deviate from the intended bore path. The actual path of the pilot hole should be
plotted against the design drill path.
Monitoring shall be accomplished by manual plotting based on location and
depth readings provided by the onboard locating/tracking system or by hand-held
walkover tracking systems. These readings map the bore path based on information provided by the locating/tracking system. Readings or plot points shall be
undertaken on every drill rod.
For installations where tight control of alignment and grade is required, readings shall be undertaken every 1.0 to 1.5 m (3 to 5 ft). At the completion of the
bore, an as-built drawing shall be provided. Prior to commencement of a directional drilling operation, proper calibration of the sonde equipment shall be
undertaken.
Monitoring of the drilling fluids such as the pumping rate, pressures at the
drill rig and pressures in the annular space behind the drill bit (when drilling
under flood control projects), viscosity, and density during the pilot bore, back
reaming, and/or pipe installation stages shall be undertaken to ensure adequate
removal of soil cuttings and the stability of the borehole is maintained. Excess
drilling fluids shall be contained at entry and exit points until recycled or
removed from the site. Entry and exit pits should be of sufficient size to contain
the expected return of drilling fluids and soil cuttings.
The permittee shall ensure that all drilling fluids are disposed of in a manner
acceptable to the appropriate local, state, or federal regulatory agencies. When
drilling in contaminated ground, the drilling fluid shall be tested for contamination and disposed of appropriately. Restoration of damage to a levee caused by
hydrofracture or any other aspect of the directional drilling operation shall be the
responsibility of the permittee. Plans for all restoration or repair work shall be
submitted for approval by the Levee District or Corps of Engineers District.
To minimize heaving during pullback, the pullback rate shall be determined
by which maximizes the removal of soil cuttings and which minimizes compaction of the ground surrounding the borehole. The pullback rate shall also

10
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minimize overcutting of the borehole during the back reaming operation to
ensure that excessive voids are not created and result in postinstallation
settlement.
The permittee shall, prior to and upon completion of the directional drill,
establish a Survey Grid Line and provide monitoring as outlined in their submitted detailed monitoring plan. Subsurface monitoring points shall be established along the HDD centerline and along any flood protection project that the
HDD crosses under to provide early indications of settlement, since large voids
may not materialize during drilling as a result of pavement bridging.
Should settlement occur, all repairs would be the responsibility of the permittee. To prevent future settlement should the drilling operation be unsuccessful, the permittee shall ensure the backfill of any void(s) with grout or backfilled
by other means. Plans for all restoration or repair work shall be submitted for
approval.
Considerations
The following considerations must be taken into account.
a. Different ground conditions: The availability of adequate geotechnical
information is invaluable in underground construction; it acts to reduce
the risk born by the permittee/contractor. However, even in the presence
of good geotechnical data, unexpected ground conditions may be
encountered. The Contractor’s plan should describe the response to
different ground conditions.
b. Turbidity of water and inadvertent returns: During construction, events
like drill bit lockup or being off the design drill path may lead to work
stoppage. The permittee/contractor should offer a mechanism to mutually
address and mitigate these problems if and when they should arise. For
example, contingency plans for containment and disposal of inadvertent
returns or hydrofractures.
Permittee/contractor responsibilities
The permittee/contractor should provide the following items: construction
plan, site layout plan, project schedule, communication plan, safety procedures,
emergency procedures, company experience record, contingencies plan, and
drilling fluid management plan.
Construction plan requirements. The permittee shall identify in the construction plan:
a. Location of entry and exit pits.
b. Working areas and their approximate size.
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c. Proposed pipe fabrication and layout areas.
d. State right-of-way lines, property lines.
e. Other utility right-of way and easement lines.
f.

Pipe material and wall thickness.

g. Location of test pits or boreholes undertaken during the soil
investigation.
h. Identify the proposed drilling alignment (both plan and profile view)
from entry to exit.
i.

Identify all grades and curvature radii.

j.

All utilities (both horizontal and vertical).

k. Structures with their clearances from the proposed drill alignment.
l.

Confirm the minimum clearance requirements of affected utilities and
structures.

m. Required minimum clearances from existing utilities and structures.
n. Diameter of pilot hole, and number and size of prereams/backreams.
o. Access requirements to site (if required).
p. Crew experience.
q. Type of tracking equipment.
Locating and tracking. The permittee shall describe the method of locating
and tracking the drillhead during the pilot bore. Systems include walkover, wireline, or wireline with wire surface grid. The locating and tracking system shall be
capable of ensuring the proposed installation can be installed as intended.
Typical walkover sondes have an effective range of 10 to 15 m, depending
on the Electro-magnetic properties of the soil and the extent of local magnetic
interference. Depending on the profile of the borehole, the driller may lose
contact with the sondes over certain sections of the alignment. As much as
practically possible, the sonde should maintain contact with the drill bit. If the
“blind” section is expected to be too long or in the vicinity of a buried object, the
project engineer may specify the use of a wire-line system or a magnetic navigation tool.
The locating and tracking system shall provide the following information:
a. Clock and pitch information.
b. Depth.
12
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c. Beacon temperature.
d. Battery status.
e. Position (x,y).
f.

Azimuth: Where direct overhead readings (walkover) are not possible.

Figure 1 shows a universal housing that will work with any drill-string on all
HDD rigs. The placement of the sonde should be before the backreamer. This
housing can be utilized in the initial pilot bore. After exiting, the cutting head can
be removed and the reamer installed. This housing chamber can utilize any of the
sonde batteries manufactured, regardless of manufacturer. There is also a 6-cm
(2.5 in.) mini-sonde combination available for smaller rigs.

Figure 1.

Universal housing for drill-string on HDD rigs (Permission to reprint
granted by California Department of Transportation, Office of
Encroachment Permits, January 10, 2001)

Drilling fluids management plan. The following information should be
provided as part of the drilling fluid management plan. The proposed viscosities
for soil transportation to the entry and exit pits are:
a. Pumping capacity and pressures must be estimated.
b. Source of fresh water for mixing the drilling mud must be identified.
(Necessary approvals and permits are required for sources such as
streams, rivers, ponds, or fire hydrants.)
c. Method of slurry containment must be described and detailed.
d. Method of recycling drilling fluid and spoils (if applicable) must be
explained.
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e. Method of transporting drilling fluids and spoils offsite must be
described.
Drilling fluid pressures in the borehole should not exceed that which can be supported by the foundation soils. Calculation of maximum allowable pressures shall
be done for all points along the drill path, taking into account the shear strength
of the foundation soils, the depth of the drill path, the bore diameter, and the
elevation of the groundwater table. Drilling fluids serve the following functions:
a. Remove cuttings from the bottom of the hole and transport them to the
surface.
b. Hold cuttings in suspension when circulation is interrupted.
c. Release cuttings at the surface.
d. Stabilize the hole with an impermeable cake.
e. Cool and lubricate the drill bit and drill string.
f.

Control subsurface pressures.

g. Transmit hydraulic horsepower.
h. Cool the locating transmitter sonde preventing burnout.
Previous experience. The permittee’s contractor should provide a list of
projects completed by his company, location, project environment (e.g., urban
work, river crossing), product diameter, and length of installation. The permittee’s contractor should also provide a list of key personnel.
Safety. The drilling unit should be equipped with an electrical strike safety
package. The package should include warning sound alarm, grounding mats (if
required), and protective gear. The permittee/contractor should have a copy of
the company safety manual that includes:
a. Operating procedures that comply with applicable regulations, including
shoring of pits and excavations when required.
b. Emergency procedures for inadvertently boring into a natural gas line,
live power cable, water main, sewer lines, or a fiber-optic cable, which
comply with applicable regulations.
c. Emergency evacuation plan in case of an injury.
Contingency plans. The Contingency plan should address the following:
a. Inadvertent return, spill (e.g., drilling fluids, and hydraulic fluids),
including measures to contain, clean, and repair the affected area.
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b. Cleanup of surface seepage of drilling fluids and spoils (i.e.,
hydrofracture).
Communication plan. The communication plan should address the
following:
a. The phone numbers for communication with owner or his representative
on the site.
b. Identification of key person(s) who will be responsible for ensuring that
the communications plan is followed.
c. Issues to be communicated including safety, progress, and unexpected
technical difficulties.
Traffic control.
a. When required, the permittee/contractor is responsible for supplying and
placing warning signs, barricades, safety lights, and flags or flagmen, as
required for the protection of pedestrians and vehicle traffic.
b. Obstruction of the roadway, on major road, should be limited to off-peak
hours.

Additional Requirements
Information that may be required, include other permits, bonding, and certification as listed in the following sections.
Additional permits
a. Obtaining water (i.e., hydrants, streams, etc.)
b. Storage, piling, and disposal of material.
c. Water/bentonite disposal.
d. Any other permits required carrying out the work.
Bonding and certification requirements
a. Payment bond (if required).
b. Performance bond (if required).
c. Certificate of insurance.
d. WCB certificate letter.
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e. ACSA certificate of recognition.

Drilling Operations
The following points provide general remarks and rules of thumb related to
the directional boring method.
a. Only operators who have “Proof of Training” by the North American
Society of Trenchless Technology (NASTT) should be permitted to
operate the drilling equipment in CE/Levee Board property.
b. Drilling mud pressure in the borehole should not exceed that which can
be supported by the foundation soils to prevent heaving or a hydraulic
fracturing of the soil (i.e., hydrofracture). Allowing for a sufficient cover
depth does not necessarily guarantee against hydrofracture. Sound,
cautious drilling practice minimizes the chance of hydrofracture occurrence. Also, measuring mud pressures in the annular space behind the
drill bit and comparing these mud pressures with the calculated maximum allowable pressures help minimize the occurrence of hydrofracture.
Typical bore depth of 0.75 to 1.0 m gives pipes with an Outside
Diameter (O.D.) of 50-200 mm a minimum cover of 0.65 m. While
circumstances may dictate greater depths, shallower depths are not
recommended.
c. The drill path alignment should be as straight as possible to minimize the
fractional resistance during pullback and to maximize the length of the
pipe that can be installed during a single pull.
d. It is preferable that straight tangent sections be drilled before the introduction of a long radius curve. Under all circumstances, a minimum of
one complete length of drill rod should be utilized before starting to level
out the borehole path.
e. The radius of curvature is determined by the bending characteristics of
the product line, and it is increasing with diameter.
f.

Entrance angle of the drill string should be between 8 and 20 deg, with
12 deg being considered optimal. Shallower angles may reduce the penetrating capabilities of the drilling rig, while steeper angles may result in
steering difficulties, particularly in soft soils. A recommended value for
the exit angle of the drill string is within the range of 5 to 10 deg.

g. Whenever possible, HDD installation should be planned so that back
reaming and pulling for a leg can be completed on the same day. If necessary, it is permissible to drill the pilot hole and preream one day, and
complete both the final ream and the pullback on the following day.
h. If a drill hole beneath a levee must be abandoned, the hole should be
backfilled with grout or bentonite to prevent future subsidence.

16
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i.

Pipe installation should be performed in a manner that minimizes the
over-stressing and straining of the pipe. This is of particular importance
in the case of a polyethylene pipe.

Equipment setup and site layout
a. Sufficient space is required on the rig side to safely set up and operate
the equipment. The workspace required depends on the type of rig to be
used. A small rig may require as little as 3- by 3-m working space, while
a large river crossing unit requires a minimum of 30- by 50-m working
area. A working space of similar dimensions to that on the rig side
should be allocated on the pipe side, in case there is a need to move the
rig and attempt drilling from this end of the crossing.
b. If at all possible, the crossing should be planned to ensure that drilling
proceed downhill, allowing the drilling mud to remain in the hole, minimizing inadvertent return.
c. Sufficient space should be allocated to fabricate the product pipeline into
one string, thus enabling the pullback to be conducted in a single continuous operation. Tie-ins of successive strings during pullback may
considerably increase the risk of an unsuccessful installation.
Drilling and back-reaming
a. Drilling mud should be used during drilling and back reaming operations. Using water exclusively may cause collapse of the borehole in
unconsolidated soils. While in clays, the use of water may cause swelling
and subsequent jamming of the product.
b. Heaving may occur when attempting to back-ream a hole that is too
large. This can be avoided by using several prereams to gradually enlarge
the hole to the desired diameter.
c. A swivel should be included between the reamer and the product pipe to
prevent the transfer of rotational torque to the pipe during pullback.
d. In order to prevent over stressing of the product during pullback, a weak
link, or break-away pulling head, may be used between the swivel and
the leading end of the pipe. More details regarding breakaway pulling
heads can be found in paragraph entitled “Break-away Pulling Head.”
e. The pilot hole must be back-reamed to accommodate and permit free
sliding of the product inside the borehole. A rule of thumb is to have a
borehole 1.5 times the outer diameter of the product. This rule of thumb
should be observed particularly with the larger diameter installations
(≥ 250-mm O.D.). Some recommended values for final preream diameter
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as a function of the product O.D. are given in Table 2. These values
should be increased by 25 percent if excessive swelling of the soil is
expected to occur or the presence of boulders/cobbles is suspected.
f.

The conduit must be sealed at either end with a cap or a plug to prevent
water, drilling fluids, and other foreign materials from entering the pipe
as it is being pulled back.

g. Pipe rollers, skates, or other protective devices should be used to prevent
damage to the pipe from the edges of the pit during pullback, eliminate
ground drag, or reduce pulling force and subsequently reduce the stress
on the product.
h. The drilling mud in the annular region should not be removed after
installation but permitted to solidify and provide support for the pipe and
neighboring soil.
Table 2
Recommended Back-Ream Hole Diameter (after Popelar et al.
1997)
Nominal Pipe Diameter, mm
50
75
100
150
200
250
≥300

Back-Ream Hole Diameter, mm
75 to 100
100 to 150
150 to 200
250 to 300
300 to 350
350 to 400
At least 1.5 times product OD

Drilling Fluid - Collection and Disposal Practices
The collection and handling of drilling fluids and inadvertent returns, along
with the need to keep drilling fluids out of streams, streets, and municipal sewer
lines, have been among the most debated topics. These points include:
a. Drilling mud and additives to be used on a particular job should be
identified in the permit package, and their Material Safety Data Sheets
(MSDS) should be provided to the Permit Office.
b. Excess drilling mud slurry shall be contained in a lined pit or containment pound at exit and entry points, until recycled or removed from the
site. Entrance and exit pits should be of sufficient size to contain the
expected return of drilling mud and spoils.
c. Methods to be used in the collections, transportation, and disposal of
drilling fluids, spoils, and excess drilling fluids should be in compliance
with local ordinances, regulations, and environmentally sound practices
in an approved disposal site.
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d. The slurry should be tested for contamination and disposed of in a manner which meets government requirements when working in an area of
contaminated ground.
e. Precautions should be taken to keep drilling fluids out of the streets,
manholes, sanitary and storm sewers, and other drainage systems,
including streams and rivers.
f.

Recycling drilling fluids is an acceptable alternative to disposal.

g. All diligent efforts should be made by contractor to minimize the amount
of drilling fluids and cuttings spilled during the drilling operation, and
complete cleanup of all drilling mud overflows or spills shall be
provided.
There are legitimate concerns associated with the fluid pressures used for
excavation during the horizontal directional drilling process and the risk of
hydraulic fracturing. Reasonable limits must be placed on maximum fluid pressures in the annular space of the bore to prevent inadvertent drilling fluid returns
to the ground surface. However, it is equally important that drilling pressures
remain sufficiently high to maintain borehole stability, since the ease in which
the pipe will be inserted into the borehole is dependent upon borehole stability.
Limiting borehole pressures are a function of pore pressure, the pressure required
to counterbalance the effective normal stresses acting around the bore (depth),
and the undrained shear strength of the soil.

Tie-Ins and Connections
Trenching may be used to join sections of conduits installed by the directional boring method. An additional pipe length, sufficient for joining to the next
segment, should be pulled into the entrance pit. This length of the pipe should not
be damaged or interfere with the subsequent drilling of the next leg. The contractor should leave a minimum of 1 m of conduit above the ground on both sides
of the borehole.

Alignment and Minimum Separation
The product should be installed to the alignment and elevations shown on the
drawings within the prespecified tolerances (tolerance values are application
dependent, for example, in a major river crossing, a tolerance of ±4 m from the
exit location along the drill path center line may be an acceptable value). This
tolerance is not acceptable when installing a product line between manholes.
Similarly, grade requirements for a water forcemain are significantly different
from those on a gravity sewer project.
When a product line is installed in a crowded right-of-way, the issue of safe
minimum separation distance arises. Many utility companies have established
regulations for minimum separation distances between various utilities. These
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distances needed to be adjusted to account for possible minor deviation when a
line product is installed using HDD technology. As a rule of thumb, if the separation distance between the proposed alignment and the existing line is 5 m or
more, normal installation procedures can be followed. If the separation is 1.5 m
or less, special measures, such as observation boreholes are required. The range
between 1.5 and 5 m is a “gray” area, typically subject to engineering judgment
(a natural gas transmission line is likely to be treated more cautiously than a
storm water drainage line).

Break-Away Pulling Head
Recent reports from several natural gas utility companies reveal concerns
regarding failure experienced on HDPE pipes installed by horizontal directional
drilling. These failures were attributed to deformation of the pipe due to the use
of excessive pulling force during installation. A mitigation measure adopted by
some gas companies involves the use of break-away swivels to limit the amount
of force used when pulling HDPE products. Some details regarding these devices
and their applications are given below.
a. The weak link used can be either a small diameter pipe (but same SDR)
or specially manufactured break-away link. The latter consists of a
breaking pin with a defined tensile strength incorporated in a swivel.
When the strength of the pin is exceeded it will break, causing the swivel
to separate. A summary of pulling head specifications is given in Table 3
(all products are SDR 11). Note that the values provided in Table 3 could
be considered conservative.
Table 3
Pulling Head Specifications
Diameter of Break-Away
Pipe Diameter
1
Swivel (in.)
(in.)
1-1/4
7/8
2
1-1/4
4
1 3/8
6
2-1/2
8
3
1
To convert inches to centimeters, multiply by 2.54.
2
To convert pounds to kilograms, multiply by 0.4535.

Maximum Allowable Pulling
2
Force (lb)
850
1,500
5,500
12,000
18,500

b. The use of break-away swivels is particularly warranted when installing
small diameter HDPE pipes (up to 10-cm (4 in.) O.D.). Application of
such devices in the installation of larger diameter products is not
currently a common practice.
c. If the drilling equipment-rated pulling capacity is less than the safe load,
the use of a weak link may not be required.
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d. Exceeding the product elastic limit can be avoided simply by following
good drilling practices, namely: regulating pulling force; regulating pulling speed; proper ream sizing; and using appropriate amounts of drilling
slurry fluid.

Protective Coatings
In an HDD installation, the product may be exposed to extra abrasion during
pullback. When installing a steel pipe, a form of coating which provides a corrosion barrier as well as an abrasion barrier is recommended during the operation,
the coating should be well bonded and have a hard smooth surface to resist soil
stresses and reduce friction, respectively. A recommended type of coating for
steel pipes is mill applied Fusion Bonded Epoxy.

Site Restoration and Postconstruction Evaluation
All surfaces affected by the work shall be restored to their preconstruction
conditions. Performance criteria for restoration work will be similar to those
employed in traditional open excavation work. If required, the permittee/
contractor shall provide a set of as-built drawings including both alignment and
profile. Drawings should be constructed from actual field readings. Raw data
should be available for submission at any time upon request. As part of the “AsBuilt” document, the contractor shall specify the tracking equipment used,
including method or confirmatory procedure used to ensure the data were
captured.

Chapter 2 HDD Guidelines and Specifications
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GUIDANCE MEMO
SUBJECT: Construction Heights of EMBs
1. References: References and supporting documentation are listed below.
1) ER-1105-2-100 Planning Guidance Notebook, Appendix C, Section C.5 Aesthetic Resources
2) Final Feasibility Report and Environmental Impact Statement for the Fargo-Moorhead Metropolitan
Area Flood Risk Management project, July 2011.
3) Viewshed Analysis of EMBs for Fargo-Moorhead Metro Flood Risk Management Project, August
2012.
2. Purpose: This Guidance Memo documents discussions and decisions related to the construction height
of Excavated Material Berms (EMBs) for the Fargo Moorhead Metropolitan Area Flood Risk
Management Project, taking into account social impacts of the EMBs and agreements with the North
Dakota State Historic Preservation Officer (SHPO).
3. Cultural Considerations: During development of the Feasibility Report and Environmental Impact
Statement for the Fargo-Moorhead Metropolitan Area Flood Risk Management project, an agreement
was reached with the North Dakota State Historic Preservation Officer that 15 – 18 foot tall EMBs would
not have visual impacts until less than 1/8th mile away. The native grasses, forbs, and trees to be
planted would further help them to blend into the surrounding landscape. The recent expanded
viewshed analysis completed in August 2012 shows that a 20 foot tall EMB starts having visual impacts
at 1/8th mile, which is essentially the same as the earlier 15-18 foot tall EMB.
The recent expanded viewshed analysis shows that any EMB over 20 feet in maximum height will be
visually intrusive: 25 foot tall EMBs at 1/4 mile or less and 30 foot tall EMBs at 1/2 mile or less. If EMBs
are to be built to a height greater than 20 feet, the increase in height needs to be justified.
The Planning Guidance Notebook (ER 1105-2-100), Appendix C, Section C.5 Aesthetic Resources states
that it is National policy that aesthetic resources be protected along with other natural resources and
further directs that impacts to aesthetic resources be avoided or minimized.
4. Geotechnical Considerations: Ultimate settlement of the foundation under the EMBs is expected to be
on the order of 1.5 – 2 feet for a 20-22 foot high EMB. Since the maximum construction height of the
EMB includes a component for settlement, the computed ultimate settlement for each reach should be
documented in the DDR.
5. Guidance on Maxium Construction Heights of EMBs: Based on the above considerations, EMBs will be
constructed to a maximum height of 21 feet, with the expectation that they will ultimately settle to a
height of 20 feet or less. This height restriction applies to the high point or points of the EMB, including
allowances for slope and undulations. Before designing an EMB to a height greater than this, other
alternatives need to be fully explored. These alternatives include optimization of the EMB cross-section
using a lower top elevation, and placement of excess excavated material on adjacent parcels of land
which have become fragmented due to the FMM Metro project. If, after evaluating these alternatives,
there is a sound technical reason to construct an EMB to a height greater than 21 feet, the reasons need
to be documented and fully described so that the need can be evaluated.
Page 1 of 2
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6. Document Author: For questions regarding this Guidance Memo, please contact Rick Femrite at
Richard.h.femrite@usace.army.mil or 651-290-5550.
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GUIDANCE MEMO
SUBJECT: Fargo-Moorhead Metro Flood Risk Management Project-GM-002 Excavated Material Berm Design
With Swell Factor Variations
1. Purpose : This Guidance Memo documents discussions and decisions related to the design of Excavated
Material Berm’s (EMB’s) for the Fargo Moorhead Metropolitan Area Flood Risk Management Project, taking
into account anticipated swell of excavated material.
2. Background: The Red River Floodway in Winnipeg experienced 10-15% swell for excavated material
placement in weather above freezing. There was a small amount of excavation/placement done in subfreezing conditions, and the swell was closer to 25-30%. The PDT has had many discussions on how to
design for the increase in volume (swell) when placing material in the EMB’s, and how to handle variations
from this assumption that may occur during construction.
The Fargo Project will include some compaction requirements for the EMB’s, which will affect the swell
factor. The EMB compaction requirements will be less stringent than that of the right bank levee, but some
compactive effort will be required. After evaluating the likely compaction requirements of the EMB’s, soil
material types, anticipated construction schedules, and shrink/swell for other diversion channel projects,
the PDT recommended that the EMB’s be designed to account for 15% swell of the excavated material
volume.
Subsequent discussions were held concerning construction of the EMB’s, and how a variation in the
anticipated swell factor would be handled in the field. If less than 15% swell occurs, the PDT does not want
fill imported to construct to the neatline shown on the plans. If greater than 15% swell occurs, the PDT does
not want excavated material hauled off-site.
3. Guidance on EMB Design with Swell Factor Variations :
a. The right and left bank EMB’s will be designed to account for 15% swell, with approximately even (5050) distribution between the right and left bank EMB.
b. To account for less than 15% swell (down to 0%), a "Minimum Left Bank EMB" line will be included in the
contract documents (shown as a red dashed line in Figures 1 and 2). The red dashed line keeps the
same 2% slope to the crest, and 2% back to the EMB backslope, and does not affect layout of project
features outside the EMB footprint such as drainage ditches and road re-alignments. The minimum
allowable height of the left bank EMB was initially defined in MFR-001 as 3' above the design levee
profile. However, subsequent analysis has led the PDT to revise the minimum height requirement to 1’
above the design levee profile (shown in blue on Figures 1 and 2). The red dashed line shown in the
plans should be no lower than this minimum requirement. It could be greater depending on the
configuration of the EMB. For example, in the attached Reach 1 typical section (Figure 1), the minimum
EMB elevation could be set 3’ above the design levee profile, as this provides a 30% reduction in left
bank EMB fill quantity, or 15% overall reduction for the left and right EMB. However, due to
1
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uncertainties in quantity calculations, it is recommended that the Minimum Left Bank EMB line be
shown 1’ above the design levee profile.
Specification language will be included to state that the left bank EMB can be constructed between the
minimum EMB and the 15% swell EMB neatlines shown, but the same general EMB configuration (2% to
crest, maintenance road at crest) shall be provided. Also, the same general top elevation shall be
provided throughout the reach to provide a flat profile for the maintenance road. If changes in
longitudinal elevation are 1’ or greater, a 100’ minimum transition (1% grade) shall be required to
account for the change in elevation.
If less than 15% swell occurs, there will not be a 50-50 fill split for right and left EMB. This is considered
acceptable because restrictions exist which limit the flexibility of construction height/width of the right
bank EMB (embedded levee minimum 6' cover, maintenance road at peak aligned with embedded
levee, undulation design for future recreation trails). The contractor will be required to construct the
right bank EMB as shown in the contract drawings assuming the 15% swell.
c. To account for greater than 15% swell, spoil areas will be defined outside of the EMB footprint. Design
teams should coordinate with the local sponsor to determine the best locations for these spoil areas.
The areas should be able to provide for disposal of at least 10% additional swell. The sponsor would
obtain an easement for this property. If used, the spoil areas would be stripped of topsoil, excess
material will be placed and graded to drain, and topsoil replaced. It is recommended that, even if not
used during construction, these sites could be used in the future to dispose of material cleaned out of
the channel during O&M. The material could also be used as borrow for future EMB/channel repairs.
Another option the Sponsor would have would be to return the field to farming after the project.
d. There may be locations where this guidance will not be applicable, such as at Rush River/Lower Rush
River ramp structures where there is no left bank EMB for a certain distance. The Reach design team
will handle these areas on site specific basis.
4. Document Author: For questions regarding this Guidance Memo, please contact Gary Wolf at
gary.c.wolf@usace.army.mil or 651-290-5288.
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Figure 1: Minimum Left Bank EMB
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Figure 2: Minimum Left Bank EMB – Stepped Scenario
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FARGO-MOORHEAD PROJECT
12/4/2014

CONTROL STRUCTURES ON THE SOUTHERN EMBANKMENT
There are three primary structures along the southern embankment, which includes: Diversion
Inlet, Wild Rice and Red River. All structures would be built in the dry and once structure
construction is completed the watercourse would be rerouted to the structures.

Diversion Inlet
A gated structure constructed at the inlet to the diversion inlet. It is estimated there would be
three gates and each gate would be 45 feet wide. This is a change since completion of the
Supplemental Feasibility EIS when the inlet was a fixed-crest weir.

Wild Rice
A gated structure constructed at the Wild Rice River. The width of the gates has increased since
the Supplemental Feasibility EIS, where the estimated size was 30 feet wide and 20 feet tall. It is
estimated there would be two 40-foot wide gates with the height to be determined. The gate
widths were increased to allow for passage of ice and debris. During feasibility USACE Cold
Regions Research and Engineering Lab (CRREL) engineers recommended a minimum gate
width of forty feet at both the Red and Wild Rice River gated structures to pass ice without
damaging the structures, but the feasibility-level Wild Rice structure was located in a narrow
channel section that couldn’t accommodate 40’ wide gates. The Wild Rice structure was
recently moved to avoid conflicts with the Interstate Highway 29 on/off ramps. The new
structure location has a wider existing channel that will be large enough to contain two 40’ wide
gates while also reducing velocities through the structure to better match existing conditions.
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The Wild Rice structure location was evaluated by the larger technical group led by HMG. The
location was selected to remove the impacts to the HWY 29 ramps and environmental impacts.
When detail design starts, minor adjustments to the location are possible.

Wild Rice Structure Location
Red River
A gated structure constructed at the Red River. The width of the gates has increased since the
Supplemental Feasibility EIS, where the estimated size was 40 feet wide and 30 feet tall. It is
estimated there would be three 50-foot wide gates with the height to be determined. The gate
widths were increased to reduce the velocities within the structure to better match existing
conditions. Also in the Supplemental Feasibility EIS (EIS), the concept was to have blocks
below the gates which would stop the gates from completely closing and continually allow flow
through the structure into the benefited area. The primary reason for this concept was to allow
for base sediments to pass through the structure. After the completion of the EIS document,
additional water column sediment samples were gathered and analyzed by the USGS. It was
determined that sediment movement within the system was not as high as previously thought.

Couple lower sediment volume than thought during the EIS with the desire to have a uniform sill
elevation for each gate for maintenance and ease of construction, and it was decided to remove
the blocks below each gate. The operation plan during an event is not to have the gates
completely close because the Red River is the major water supply for Fargo, and there is a need
to allow sediment and fish to pass through the gated structure. The concept is to have a check
system that would need to be overridden to allow the gates to be completely shut. The check
system should reduce the chances that the gates will “accidentally” be closed during an event.
The check system would be operated/started from above the gates or at the control house. The
gates would only be closed completely for maintenance activities.
The Red River structure location was evaluated by the larger technical group led by the Corps.
Once geotechnical soil borings are taken and evaluated, minor adjustments to the location are
possible.

Red River Structure Location
Access and Operability
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Detailed development of the gated structures has not been performed since the Supplemental
Feasibility EIS. To avoid issues with instability of abutments, the concepts in the Supplemental
Feasibility EIS showed the structures installed in the excavated channel with approximately 7 on
1 side slopes with long tie-in walls connecting each side it to the south embankment. A bridge
would be required on top of the walls for access to the top of the gated structures. Conventional
gated structures usually have natural grade to the abutments of the gated structures with wing
walls to retain the soil and also to train flow into the structure. This allows access to the structure
abutments for maintenance and operation and would considerably reduce the length of service
bridge required. The Winnipeg diversion structure as well as almost all dam spillways in
USACE are constructed this way. Future development of the gated structures will investigate
this further. This will require a better understanding of the design methodology and
requirements needed for wing/retaining walls to withstand global instability forces.
Ice and Debris
Ice and debris must be considered in the design of these structures. In regards to the Red River
of the North and Wild Rice control structures, Appendix F of the Feasibility study states: “In
terms of passing ice or debris through the Control Structure, pending additional site specific
studies, a minimum width of 40 ft for each bay could ensure ice passage (note that the width of
each bay is 50 ft) when the gates are fully open. The determination of the operational measures
to handle river ice when the gates are partially or fully closed is strongly recommended to be
worked out during the design phase.” This may be adequate for ice passage but the piers that
are 75 feet on center for the pedestrian bridges in Grand Forks/East Grand Forks have blocked
debris and caused large log jams on several occasions
Additional work is needed to understand the ability and needs for these structures to pass ice and
debris. Debris barriers were briefly investigated as part of this study but a cursory review
indicated that costs and complexity would be high due to the large flows during flood stages and
very wide range of possible pool levels. Disposing of trapped debris is also concern and
therefore passing ice and debris through the structures is the desirable option. With radial gates
that control pools from above, some blockage may occur when the gates are down in the
operating position. An investigation of the ability to pass debris through the structure by opening
gates needs to be conducted.
The diversion inlet structure is several miles from the Wild Rice and Red River of the North
channels. Flow into the structure will be from the ponding area upstream of the embankments.
Since there will be low flow velocity in the ponded area, there will be no ready conveyance of
debis and ice to the structure and only occasional aberrant debris is expected. Passage of ice and
debris is not expected to be a concern at this structure.

Control Structure Gate Recommendations
Summary
Three gated control structures are required at the upstream end of the Fargo Moorhead Metro
Area Flood Risk Management project (FMM Project). These include the Red River Control
Structure, the Wild Rice River Control Structure and the Diversion Inlet Control Structure. The

Red River and Wild Rice River structures will limit the flow into the FMM area and divert any
extra flow to a staging area. The Diversion Inlet Structure will control the flow as it enters the
diversion channel from the staging area.

Southern Embankment and Staging Area
Recommendation
It is recommended that conventional tainter gates (as opposed to submergible tainter gates) be
used to control the flow at each of these structures. Details supporting this recommendation are
contained in this report.
Background
Preliminary planning and design efforts use tainter gates (conventional tainter gates, specifically)
for flow control, which is in line with USACE design guidance.
EM 1110-2-2702 states, “Tainter gates are considered to be the most economical, and usually the
most suitable, type of gate for controlled spillways due to simplicity, light weight, and low hoistcapacity requirements.”
Tainter gates are cylindrical segments, mounted to radial arms that rotate about fixed trunnions.
See Figure 1. A conventional tainter gate is lowered into the water to regulate flow under the
gate. Conventional tainter gates are raised out of the water to allow full flow (fully open) and
lowered to a bottom sill to stop flow (fully closed).
5

Figure 1. Typical Tainter Gate—Downstream Side of Gate Looking Upstream.

Figure 2. Conventional Tainter Gate.

A similar diversion project in Winnipeg uses submergible tainter gates. The submergible tainter
gates rise up from a recess at the channel bottom to regulate flow over the gate. Submergible
tainter gates are lowered into the recess to allow full flow (fully open) and raised out of the
recess to stop flow (fully closed).

Figure 3. Submergible Tainter Gate in Closed Position.
According to design documentation for the Winnipeg project, Evolution of the Design for the
Red River Floodway Gates, submergible gates were selected due to ice conditions. Design
criteria for the Winnipeg project states, if a conventional tainter gate were to be used, it must be
“designed to sustain, without damage, the local loads imposed by arresting or deflecting
downward in ice floe 100 x 100 x 2 feet thick travelling at a speed of about 5 feet per second.”
Additionally, the design criteria contained a requirement to pass ice through the structure. The
designers speculated, and later proved through physical modeling, that a submergible gate would
pass ice more efficiently than a conventional tainter gate.
Ice analysis done for the FMM project Feasibility Report (Attachment 1 of Appendix B,
Hydraulics) indicates that “residual ice covers can persist until the time of peak flow,” upstream
of the FMM project. Because these structures will be operated before, during and after peak
flow events, the Large Structure Team felt that submergible tainter gates, similar to those on the
Winnipeg project, should also be considered.
Design Issues
Several documents were referenced in order to compare and evaluate the two types of tainter
gates. A complete list of these resources is included in Paragraph 10. During the review of the
reference documents, it became apparent that there are several areas where the conventional
tainter gate was distinctly better than the other. These include corrosion, vibration, construction
cost, trunnion design, operation and maintenance. These issues are discussed below.
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a. Corrosion. The tainter gates on the FMM project will not be operated for floods smaller
than the 10% chance exceedance event and, therefore, will be left in the open position
most of the time. For the submergible type, this means that the gates will usually be
underwater. This will lead to an increased rate of corrosion of the skin plate and
structural members. The most severe corrosion would likely be on the hoisting
rope/chain in the area where it enters the water, which could lead to premature failure of
the hoisting system. Conventional tainter gates would usually be left out of the water.
While the conventional gates would experience corrosion from normal exposure to the
environment, it would be much less than that of submergible gates.
b. Vibration. In a 1985 survey conducted by the Louisville District, vibration was the most
widely reported problem for submergible tainter gates at USACE sites. This vibration
was listed as a contributor to the premature failure of submergible tainter gate operating
equipment. The vibration is apparently associated with flow between the concrete sill
and the bottom seal when the gates are partially submerged. In some cases the vibration
is so severe there is visible movement of the trunnions. At many of the sites where the
gates may be submerged or lifted, operation in the submerged mode has been completely
discontinued. While the potential for vibration is not eliminated, in general, vibration is
not as common of a problem with conventional tainter gates.
c. Construction Cost. A submergible tainter gate requires a recess at the channel bottom
deep enough to contain the entire gate. The recess would require a substantially deeper
excavation than would be needed for a conventional tainter gate and construction costs
would be significantly increased.
d. Trunnion Design. Submergible tainter gate trunnions are located underwater while
conventional tainter gate trunnions are generally located above the water surface. EM
1110-2-2702 states that it is “desirable to locate the trunnion above the maximum flood
water surface profile to avoid contact with floating ice and debris and to avoid
submergence of the operating parts.” The United States Society on Dams says that
tainter gates should be avoided if “the trunnions cannot be located above the upper nappe
of the design flood over the spillway.” Another concern is that traditional greased
bushings are much more likely to introduce contaminants into the river if the trunnion is
submerged. This could be avoided in either gate type by the use of self-lubricated
materials.
e. Operation. The biggest advantage of submergible tainter gates is that they are more
efficient at skimming loose ice with a minimum amount of flow. Also, the side seals on
submergible tainter gates are less likely to freeze-in. One disadvantage of submergible
tainter gates is that operators have stated that operation can be problematic due to ice and
debris getting lodged between the hoisting chain and the skin plate.
Conventional tainter gates may be difficult to close when large ice sheets spanning the
piers are present. According to the 1985 Louisville District survey, “Very large areas of
ice which tended to remain intact and not break apart would not pass through either type
of gate [submergible or conventional] very well, if at all.” In order for either of these

gate types to work effectively under all conditions, ice control equipment (electric
heaters, air bubblers, steamers, etc.) would need to be installed. This equipment could
also help to keep conventional tainter gate seals from freezing-in.
f. Maintenance. Because the gates will usually be kept in the open position, it will be much
more difficult to perform maintenance and inspection on the submergible tainter gates as
compared to the conventional tainter gates. Even in the fully closed position, only a
small amount of the submergible tainter gate would be accessible above the water
surface. Most maintenance and inspection on the submergible gates would require
dewatering or the use of divers. On the other hand, the conventional tainter gate can be
lifted completely out of the water. With proper safety measures, this would allow most
maintenance procedures to be completed without dewatering.

Summary
While submergible tainter gates offer some advantage in ice conditions, with the correct ice
control equipment, a conventional tainter gate can perform equally well. Ice control equipment
will be necessary no matter which type of gate is used. Conventional tainter gates are less
susceptible to corrosion, easier to maintain and cost less to construct than submergible gates.
The trunnions on conventional tainter gates can be located in the ideal, above water location.
Also, the vibration issues common in submergible gates are not likely with conventional gates.
For these reasons, it is recommended that conventional tainter gates be used on the Red River
Control Structure, the Wild Rice River Control Structure and the Diversion Inlet Control
Structure.
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OPERATIONAL AND MAINTENANCE CONSIDERATIONS
Introduction
Some operation and maintenance considerations for the three tainter gate control structures on
Fargo Diversion channel. Tainter gates are probably the most cost effective gate type for
structures in the 30 to 50 foot wide range required for the Fargo Diversion. They are simple to
operate and maintain and have been in service at a multitude of USACE facilities for close to
100 years. In the Saint Paul District, tainter gates have been in use on Locks and Dams 2
through 10 since the 1930’s.
Considerations
a. The new engineering manual EM 2610 Mechanical and Electrical Design for Lock
and Dam Operating Equipment, chapter 9, discusses design considerations for tainter gate
structures.ETL 1110-2-584, Design of Hydraulic Steel Structures, provides guidance on
structural design of tainter gates.

Typical Tainter Gate

b. The tainter gates can be designed to be operated remotely. For USACE projects
using electronic and remote controls, the report ERDC/CERL TR-00-29, Critical Evaluation of
Lock Automation and Control Equipment at Corps-Operated Navigations Locks can be
referenced. This July 2001 report presents information, including some cost considerations, on
PLC-run locks that were in operation at the time.
c. An Engineer Circular was developed by the Tulsa District for the remote operation of
spillways. The publication EC 1110-2-6071 titled “Engineering and Design: Remote Control and
Operation of Water Control Systems” expired 31 July 2012, but contains very pertinent design
and operational information on remote operation. USACE has specific approval requirements for
remote operation. Pittsburgh District is remotely operating several spillways on the Monongahela
River.
d. Type of Control System. There are two basic types of control systems in use at
USACE navigation locks and dams: relay-based and programmable logic controller-based (PLCbased). Both have advantages and disadvantages. The design project development team (PDT)
must evaluate the needs of the facility and personnel and the complexity of the control system
requirements in order to determine which type will work best. For example, a PLC system can
reduce the amount of control wiring for a large project, but appropriately trained personnel might
not be available to maintain and troubleshoot the PLC system. Relay-based controls might be
less sophisticated, but are not as flexible as PLC-based systems. PLC based systems are probably
a better choice if the project will be remotely operated. PLC-based systems can easily monitor
analog signals such as water levels, gate position, and hydraulic pressure.
e. Gate Speed. A gate speed of 1 foot per minute should be utilized per EM 2610.
f. Limits on Gate Operation. The tainter gates can be operated 2 to 3 times per hour
with no detrimental affects to the machinery or electric motor.
g. Tolerances. For the gate position indication, tainter gates are not the most precise.
Anything under 1 inch of tolerance for position may be difficult to achieve. However, gate
position over 1 inch should be achievable.
h. Bulkhead Capability. The need for bulkheads should be evaluated during the design.
If the structures are normally dry, any maintenance could be deferred until after a flood event.
Providing bulkheads would allow repair of a tainter gate during a flood event. However, a crane
would need to be included to set these.
i. Emergency Generators. Emergency generators should be provided for all three
control structures. This will provide redundant power. These can be designed to automatically
start upon loss of utility power. The generators will need to be tested and exercised monthly.
This can be done automatically. A fuel supply will need to be included. The generators will
require a building.
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Typical Generator
j. Water Level Sensing Equipment. Water level sensors could be used in both
hardwired relay control and the PLC system. In the hardwired relay system, pool levels would be
displayed on LED panel meters or similar. The system should have redundant sensors for
malfunction identification (i.e., at least two sensors in each measuring location). Under these
conditions, the operator would verify visually that the water has reached the proper level for
moving gates.
k. Cameras. An extensive series of cameras will be required to utilize remote operation.
Cameras will be used to verify proper gate movement.
l. Data Transmission. A formal decision on whether to include remote operation has
not been reached. Remote operation will require telemetry to function properly. PLCs use
routable protocols, such as Ethernet, to transmit data. Because of this, information assurance
activities are necessary to evaluate risk and ensure the system is secure. This includes isolated
facilities that do not have outside network connectivity.
For USACE operated projects, the Federal Information Security Management Act of 2002
(FISMA) applies. Detailed in Operation Order 2012-14, FISMA (44 U.S.C. Section 3541 et seq.
2011) requires formal certification and accreditation (C&A) for all computer systems and data
networks, including electronic control systems and Supervisory Control and Data Acquisition
(SCADA) systems. The C&A process used by the Army is the DoD Information Assurance
Certification and Accreditation Process (DIACAP). The end result of DIACAP is an Authority
To Operate (ATO). The ATO is only good for three years, meaning DIACAP is a continuous
process. Control systems requiring outside connectivity (remote operation or monitoring) will

require a firewall to meet the requirements of DIACAP. Remote operation of any facility will
require outside network connectivity.
While not subject to FISMA, the FMM Large Structures will require a similar degree of
certification and accreditation if remote operation via SCADA is included. The control system
will require a firewall and periodic software security updates will be necessary. This must be
included as part of the system O&M.
Gate MachineryApplications
a. Spillway Gates. The hoist machinery for spillway gates may feature hoist systems
driven by electric motors or direct-acting hydraulic cylinders. For this application, electric
motors are probably more feasible and less maintenance. Motors will require 480 volt, 3-phase
power. The hoist system using electric motors and gearing may use cable or chain at the hoist
drum, but the gate control is independent of the material used. Wire rope is recommended for
this application. Hoist drums are located on the dam pier at each of the gates. The drums are
connected by gears and a horizontal shaft. The drive side includes an electrical motor, holding
brake, gear reducers, and starter. The motor usually is controlled by a reversing, across-the-line
starter but can be controlled by an AC drive. A rotary limit switch should provide end-of-travel
and over-travel limits. The limit switch is driven by the gate hoist machinery.

Typical Gate Hoist Machinery
b. Gate Position. Gate position can be provided by a rotary encoder on the hoist drum or
hoist machinery gearing or a cam limit switch. The relationship between the hoist machinery
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rotations and the vertical opening of the gate will not be linear due to the cable wraps on the
drum. Gate position can be sensed by an inclinometer mounted on the upper strut of the spillway
gate. Using trigonometry, the size of the opening in feet can be calculated. These forms of
position indication will require a programmable logic controller to implement, but manual
indication can be accomplished with a staff gage and a pointer installed on the gate or a rotary
pointer and dial connected to the hoist machinery.
c. Operator Controls. Regardless of remote control, local operation should be provided.
Operator controls should include gate open, close, and stop. A push button station can also be
included. The controls system should indicate to the operator when the gate is closing and
opening. Spillway gates should be designed to operate at approximately 1 ft/min. The designer
should consider a control system that provides a periodic reminder, such as an audible alarm, to
the operator while a spillway gate is operating.

Local Control Panel

d. Trunnion Bearing. Trunnion bearings have traditionally been grease lubricated. A self
lubricated bearing should be evaluated during design. A decision will also need to be made on
whether a spherical bearing or plain bearing will be utilized.
e. Pressure Transducers. Pressure transducers are used to measure the level of water. A
pressure transducer produces an analog signal directly proportional to the amount of water in
which it is submerged. Typically, a designer should put at least two transducers in the upstream

pool and two in the downstream tailwater. The installation should provide protection from ice,
debris, should facilitate easy maintenance and replacement; and should provide unobstructed
atmospheric reference pressure to the breather tube.
f. Rotating Encoders. Angular position of rotating machinery, such as cable spools,
gears, chain sprockets, and gate machinery, is accomplished through the use of rotating angle
encoders. Rotating encoders could include absolute encoders or single and/or multi-turn
resolvers. It is strongly recommended that absolute position encoders be furnished for control
systems instead of the incremental, if at all possible and practical. This will ensure that, after loss
of power to the position sensor, the position of the machinery being measured will be known.
Typically, these are mounted adjacent to the machinery and attached via shaft couplings. Shaft
couplings should be one-piece, flexible stainless steel and sized to match exactly the encoder
shaft and adapt to the machinery shaft. Installation details should include provisions for making
the machinery shaft extension absolutely true and for aligning the shafts as true as possible
through the use of properly installed stainless steel shims.
g. Inclinometers. Inclinometers are used to track angular tilt of the machinery or
structural member on which they are mounted. A good application for such a device is the
position of the tainter gates. Angular rotating encoders do not work as well in this application
because the rotation of the cable drum or chain sprocket is not linear with the change in opening
between the gate and the sill. Also, because a tainter gate can become frozen during times of
heavy ice and because drift can be lodged under the gate, the rotation of the machinery is not
necessarily indicative of gate movement. A submersible inclinometer mounted on the tainter gate
strut will give an accurate indication of gate movement. By programming simple interlocks in
the PLC software, slacking of the hoist cables or chains can be avoided in the event the gate does
hang up. Cameras would be used to also verify proper gate movement.
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1 Executive Summary
1.1

Project Description

1.2

Value Engineering Study Results

The flood risk management project for the Fargo-Moorhead area includes a 36-mile diversion
channel and 32,500 acres of upstream staging. The Diversion Inlet would allow flows from the
upstream staging area into the diversion channel. The diversion inlet control structure would
consist of an approximately 150-foot wide spillway with operable gates to control flows going
into the diversion channel. The structure would be located where the diversion channel
alignment crosses Cass County Highway 17 in the southeast quarter of Section 31, Stanley
Township, and Cass County, North Dakota.

The St. Paul District conducted a Value Engineering (VE) Study following the six-phase VE
methodology on 19-21 Nov 14 for the Fargo Moorhead Metro Inlet. The VE study was
conducted as a Value Based Design Charrette (VBDC). The VE team was comprised of the
Project Delivery Team (PDT), including staff of A/E firms working on the project design or
project management in coordination with the local sponsor. At the time of the VE study, the
inlet feature was at about 10% design. Because the project was in such an early stage of design,
the traditional brainstorming method was not used. Instead, the team brainstormed
components or functions of the project that needed to be developed and then brainstormed
design features that would address those functions. The team also developed design narratives
and a schedule for answering the most pressing questions. During the brainstorming phase of
the study, the team discussed a wide variety of topics that were developed into design
descriptions.
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Value Engineering Study
Study Objectives

Value Engineering (VE) is a process used to study the functions of a project. VE takes a critical
look at how the project proposes to meet the desired functions and identifies alternative ways
to achieve the equivalent functions while increasing the value and the benefit-cost ratio of the
project. The value of a project is defined as function divided by resources. While cost reduction
is an important consideration, the main goal is to increase the value of the project. This can be
achieved by decreasing cost, by increasing function, or a combination of both.

2.2

Value Engineering Methodology

The VBDC studied the FMM Inlet using the Corps of Engineering standard VE methodology,
consisting of six phases:
Information Phase: During the information phase, the team reviewed the documents
and current conditions of the project. During this Phase, the team identified the goals
of the study and answered the following questions: what is the project, what does the
project currently do, what must the project do, and what does the project cost.
Function Analysis Phase: During the function analysis phase, the team defined the
project functions using a two-word active verb/measurable noun context to develop a
Function Analysis System Technique (FAST) Diagram. The team took a critical look at
how these functions are achieved, and the team identified alternative ways to achieve
the equivalent functions while increasing the value of the project.
Creativity Phase: During the creative phase, the team conducted a brainstorming
session to generate ideas for alternative designs. All team members contributed ideas.
Critical analysis of the ideas was discouraged. The brainstorming phases were more
integrated into the evaluation phase than during a typical VE study.
Evaluation Phase: During the evaluation phases, the team critically analyzed all of the
ideas generated during the creative phase to determine potential for savings and risk.
The team determined how to address the design topics into design proposals.
Development Phase: The team members developed the selected ideas from the
evaluation phase into design proposals and topic summaries during the development
phase.
Presentation Phase: A formal presentation was conducted with district staff at the
conclusion of the study. A VBDC Study Report was distributed for review and
coordination by the Project Delivery Team.

5

Value Engineering Study Report
Fargo Moorhead Metro Inlet

2.3

Revision Date: 6-Feb-15

Value Engineering Team

The Value Engineering Team is listed in Table 2-1.
Table 2-1: Value Engineering Study Team Members
Name

Position/Discipline

Organization
Megan McGuire, AVS

Phone
Facilitator

USACE-MVP-PD-C
Lisa Buchli

Hydraulic Engineer

Biologist

Geotechnical Engineer

Structural Engineer

Structural Engineer

Civil Engineer

Mechanical Engineer

USACE-MVP-PM-A
Kelli Phillips

Thomas.R.Lytle@usace.army.mil
651-290-5027

Construction Engineer

USACE-MVP-EC-C-E
Bonnie Greenleaf

Russell.G.Fischer@usace.army.mil
651-290-5464

USACE-MVP-EC-D
Sheldon Edd

Duane.Perkins@usace.army.mil
651-290-5531

USACE-MVP-EC-D
Tom Lytle

Kent.D.Hokens@usace.army.mil
651-290-5584

USACE-MVP-EC-D
Greg Fischer

Luke.L.Schmidt@usace.army.mil
651-290-5670

USACE-MVP-EC-D
Duane Perkins

Jonathan.J.Sobiech@usace.army.mil
651-290-5428

USACE-MVP-EC-D
Kent Hokens

Lisa.A.Buchli@usace.army.mil
651-290-5613

USACE-MVP-PD-P
Luke Schmidt

megan.k.mcguire@usace.army.mil
651-290-5990

USACE-MVP-EC-H
Jon Sobiech

E-MAIL

Sheldon.D.Edd@usace.army.mil
651-290-5865

Project Manager

Bonnie.K.Greenleaf@usace.army.mil

Project Manager

651-290-5476
Kelli.A.Phillips@usace.army.mil
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USACE-MVP-PM-B
Elizabeth Killian

Technical Lead

651-290-5543
Elizabeth.A.Killian@usace.army.mil

USACE-MVP-EC-D
Tim Paulus

Mechanical Engineer

651-290-5710
Timothy.M.Paulus@usace.army.mil

USACE-MVP-EC-D
David Kollars

Electrical Engineer

651-290-5530
David.H.Kollars@usace.army.mil

Project Management

651-290-5607
John.Glatzmaier@CH2M.com

USACE-MVP-EC-D
John Glatzmaier
CH2M Hill
Brian LeMon
Barr Engineering

Vice President, Senior Civil
Engineer

651‐365‐8526
BLeMon@barr.com
952-832-2774
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Phase 1 – Information Phase
Information Phase

During the information phase, the team reviewed the documents and current conditions of the
project. The team identified the goals of the study and examined the project’s functions and
costs.
3.2
Project Description
The flood risk management project for the Fargo-Moorhead area includes a 36-mile diversion
channel and 32,500 acres of upstream staging. The Diversion Inlet would allow flows from the
upstream staging area into the diversion channel. The diversion inlet control structure would
consist of an approximately 150-foot wide spillway with operable gates to control flows going
into the diversion channel. The structure would be located where the diversion channel
alignment crosses Cass County Highway 17 in the southeast quarter of Section 31, Stanley
Township, and Cass County, North Dakota.
Figure 3-1: Major Project Features at the Beginning of the VBDC
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Project Location
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The information that was presented to the Value Engineering team is in NAVD1988. All
resulting proposals that use elevations are given in the same.
The Fargo-Moorhead Metro Project is located near the cities of Fargo, ND and Moorhead, MN.
The inlet feature would be located to the southwest of the city of Fargo (see Figure 3-2).
Figure 3-2: Project Location
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Cost Breakdown

The feature is in the early stages of development, so a cost breakdown was not available for the
feature.

4
4.1

Phase 2 – Function Analysis Phase
FAST Diagram Development

During the function analysis phase, the team defined the project functions using a two-word
active verb/measurable noun context. The team took a critical look at the functions of the
project features while considering the goals of the project. The team developed a Function
Analysis System Technique (FAST) Diagram, which is shown in Figures 4-1. The FAST Diagram
was referenced during the evaluation of creative ideas to help the PDT members determine if
ideas added value to the project by focusing on the function of the project.
Figure 4-1: Inlet FAST Diagram
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5 Phase 3 – Creative Phase/Phase 4 – Evaluation Phase
5.1

Creative Phase

5.2

Evaluation Phase

6

Feature Design Considerations

6.1

Abutments

During the creative phase, the team conducted a brainstorming session to generate ideas for
alternative designs. All team members contributed ideas. Critical analysis of the ideas was
discouraged.
Evaluation, testing, and critical analysis of all ideas generated during the creative phase, was
performed during the evaluation phase to determine potential for savings and possibilities for
risk. The team generated many ideas and a list of questions and due-outs. Many topics were
not developed fully into design concepts because further information is required.

The team brainstormed elements of the design that needed to be further refined. The team
then took each design element and brainstormed the best way to accomplish that function in
the project at the best value. Some design elements require further research, while other
decisions were made during the charrette. The team captured the current state of the design in
the following design considerations.

6.1.1 Detailed Design Description
The abutments are used to tie the gated structure into the earth dam embankments. Besides
forming part of the dam, they are also used for access to the gated structure. The bottom of
the structure will be founded on the high plasticity Brenna clay formation which has low longterm shear strength. Analyses by Barr Engineering during feasibility and by USACE
geotechnical engineers recently have shown that global stability of abutments or wingwalls
that retain soil will be a concern. For this reason, T-wall abutments that dam water but do not
retain soil were shown in the gated structures for the Feasibility Report. These T-walls tie into
the dam embankment on natural ground, beyond the channel sides. An access bridge is
required on the top of the T-wall abutments and will be the only access to the structure during
flood events. More conventional gated structures used in most dams and for the Winnipeg
Diversion abut the gated structure directly into the adjacent embankments and use wing walls
to transition to the channel slopes. The more conventional structures have much reduced
access bridge requirements, and allow equipment access to the edge of the structure during
high water passage.
6.1.2 Alternatives Discussed:
• T-walls like in the gated structures in the Feasibility report.
• Conventional structure with embankment to the structure with wing walls.
• Hybrid T-walls and wing-walls. Natural ground would tie into the structure but T-walls
would be used to transition from the structure to the embankment above natural
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ground to a distance from the structure beyond which the embankment increases loads
on it.
Soil modification to solve global stability issues with the conventional type structure.
Extend the wing walls for the structure parallel to the channel upstream and
downstream. The assumption with this alternative is that the global stability through
the main part of the structure with a heavy base slab will not be a problem.
A hybrid of the previous idea with a T-wall connection above natural ground.

6.1.3 Assumptions
• Brenna formation will be encountered at the base of the structure.
• Unbalanced loads will be high for abutments or retaining walls founded in the Brenna
• Pile founded walls designed to resist normal soil pressures and global stability forces will
be very large and require many more piles than would be needed if global stability was
not an issue.
• The structure will be operated infrequently and for short durations. Therefore, crane
access to the structure will not be required during flooding.
• The structure will be dry most of the time and heavy equipment and crane access for
maintenance will be available at the base of the structure
6.1.4 Constraints
• The schedule will not allow extensive investigation of innovative solutions
• Some sort of vehicle access is required to the top of the structure for maintenance and
operation.
6.1.5 Risk
• Excessive cost to provide structure to resist global stability forces.
• Inability to respond to emergencies with a crane on the structure during a flood event.
6.1.6
•
•
•
•
•

Information Required From Others
Soil parameters
Pile capacities
Unbalanced loads
Groundwater assumptions
Design pool and tailwater elevations

6.1.7
•
•
•
•

Future Design Tasks
Investigate requirements for earth retaining abutments
Compile design load cases
Design abutment
Design access bridges

6.2

Bulkheads

6.2.1 Detailed Design Description
• Determine if bulkheads and bulkhead slots are needed for the Diversion Inlet Structure.
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6.2.2 Assumptions
• If a tainter gate were to fail there would be no loss of life.
• If a tainter gate(s) were in the stuck closed position the flow could go over the overflow
spillway without comprising the integrity of the dam and diversion inlet structure.
• All maintenance to the diversion inlet structure would be done during times of no flood
when there would be no need for bulkheads.
6.2.3 Constraints
• Design the piers with no slots for bulkheads.
• The design of the service bridge will not need to account for a crane to set bulkheads.
6.2.4 Risk
• Required maintenance to any part of the Diversion Inlet Structure must be completed
during times of no flood.
6.2.5 Information Required From Others
• None.
6.2.6 Future Design Tasks
• Design the piers or abutments for no bulkhead slots.
• The service bridge does not need to accommodate a crane to bulkhead installation.
• The USACE will design the tainter gates for the manual lift operation.

6.3

Bridge/Structure Combinations

The team discussed whether to route the county highway over the diversion inlet structure or
design a stand-alone bridge. The local authority has not yet assembled the bridge design team
and the inlet structural design has not yet been started. Thus, this may be the last time to
consider this option. Charrette members representing the local authority thought that this
option may have been discussed in the past. The local authority will be contacted to see if
there had in fact been a decision made in the past, if that decision process is still valid, what
there general recommendation is and report back to group with response. After consultation
with other PM staff, it was determined that the topic had been discussed in the past and that a
combined bridge and structure were not desired, if only due to security issues. The options
were discussed at length within the charrette. It is the group consensus that Highway 17 should
not cross the diversion channel as part of the inlet structure but remain a separate design and
construction. The following are issues that were discussed during the charrette:
6.3.1 Pros
• Only one structure to maintain
• Only one “foundation” to build
• Only one contract to administer allows contractor to create own efficiencies.
• Full road width and weight capacity would easily allow crane access for debris removal
and future possible repairs. Although, for this location and situation, debris removal
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and repairs may never happen due to frequency of operation and the inlet channel is
not a natural channel lined with trees.
Footprint of total construction would be less.
There may be interference issues if both the bridge and inlet structure were to end up in
concurrent construction, this would put control into the hands of one contractor.
There would only be one “hole in the ground” until the P4 contractor excavated the
diversion and inlet channels. This would then create one less blend for the P4
contractor to match during diversion construction.
It was not clear, but overall real estate purchase may be less.
Remove piers from diversion by removing bridge
Eliminate access road, county highway would provide that.

6.3.2 Cons
• The top of the dam is at approximately 931, the road surface for the bridge option
would be approximately 920, so the road surface would have to be ramped up to the
top of the structure.
• A bypass would need to be built or a long detour over sub standard roads would have to
be established to combine the structures. Separate structures, depending on phasing,
may not need a bypass or long-term detour.
• The design of the combined structure would have to completed by USACE instead of
standalone bridge design by local authority team. This adds work to a finite design team
that is already up against time constraints for the design of the inlet structure
• The bridge maintenance and operations will affect the inlet structure, such as snow
from plowing, possible deicing chemicals, sand in plowed snow.
• May or may not increase vandalism possibility
• Having traffic on bridge during operation and maintenance of the inlet structure creates
an additional safety hazard for staff.
• A separate maintenance and operation bridge or platform may have to be added under
or adjacent to the bridge deck.
• Use of bridge could slow down evacuation or use during flood
• Dam embankment top crest would need to be wider to accommodate a road. More
guardrails would have to be installed.
• May need more real estate outside of the channel/EMB footprint on the north side.
Alternative siting was briefly discussed but there was no conclusion. The team thought it may
be too complicated. Alternative siting could include:
• Move the inlet structure to the current highway alignment. This would require the
tainter gate bays to be staggered to maintain their alignment with the channel
centerline.
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6.3.3 Decision: Do not combine
As part of the out briefing, per USACE PM feedback, it was decided to NOT combine the two
structures. Simple reasons discussed during briefing were effort to bring road surface up to the
top of the dam and security concerns for the inlet structure.

6.4

Ice/Debris Removal

The team discussed the potential for debris or ice accumulation at the structure that could
block water from flowing through the structure, prevent opening or closing of the gates, or
cause damage to the gates or concrete structure. The position of the diversion inlet structure,
over three miles west of the Wild Rice River and about six miles west of the Red River,
significantly reduces the likelihood that ice or debris would accumulate at the structure. During
feasibility, USACE Cold Regions Research and Engineering Lab (CRREL) engineers recommended
a minimum gate width of forty feet at the gated structures to pass ice without damaging the
structures. The diversion inlet gates will be at least 40 feet wide. If ice (or debris) did reach the
structure it would most likely pass through the gates. In addition, the width and number of
gates make it very unlikely that debris or ice would plug all of the gates completely and prevent
flow from entering the diversion channel. In the very remote circumstance that the gates are
blocked from passing flow into the diversion channel, the staging area could rise and eventually
discharge over the overflow spillway just south of the diversion inlet structure. This water
would ultimately flow back into the diversion channel downstream of the diversion inlet. While
this is not a preferred method of flow passage, this scenario would not increase the risk to
human life and could be used in an emergency. After flood events, the diversion inlet structure
site will be dry, so any debris that has collected at the structure could be removed by heavy
equipment in the channel. Based on the width of the gates and the improbability of ice and
debris getting to the structure the team has decided that no additional debris or ice removal
strategy is necessary at the diversion inlet structure.
6.4.1 Decision: No additional debris/ice removal is needed
• Could remove debris from abutments
• Very unlikely structure will require operation with all gates in a fully open position.

6.5

Service Bridge

6.5.1 Detailed Design Description
• Determine the loading and width requirements for the service bridge.
6.5.2 Assumptions
• There will be no bulkheads so there is no need to design the service bridge for a crane to
place bulkheads.
• There will be no public or recreational crossings needed.
• The diversion inlet structure is 3 miles from the Wild Rice River and 6 miles from the Red
River so there should be very little debris and therefore no need for a crane to remove
the debris. The tainter gate widths are currently estimated to be 50 feet wide so if there
were any debris it should pass easily through the structure.
15

Value Engineering Study Report
Fargo Moorhead Metro Inlet

•
•
•

Revision Date: 6-Feb-15

The County Highway 17 bridge will be a separate structure downstream of the diversion
inlet structure.
If debris were to plug or reduce the amount of flow through the diversion inlet structure
the flow will go over the overflow spillway.
The only vehicles needed on the service bridge would be small maintenance vehicles or
small truck mounted service cranes.

6.5.3 Constraints
• The design of the service bridge will not need to account for a crane to set bulkheads,
remove debris or perform any maintenance on the structure.
6.5.4 Risk
• That if there needed to be maintenance to any part of the Diversion Inlet Structure, the
maintenance would be completed during times of no flood from the embankments or at
the bottom of the diversion channel.
• That debris would not stop the flow of water through the diversion inlet structure.
6.5.5 Information Required From Others
• Final acceptance on the issue of keeping the County highway 17 bridge separate from
the diversion inlet structure.
6.5.6 Future Design Tasks
• Design the service bridge for a HL-93 loading (typical highway bridge loading).
• The bridge will not be designed for any type of crane loading.
• Determine a width for the service bridge.

6.6

Stilling Basin

6.6.1 Detailed Design Description
• During rainstorms, the water could collect on the stilling basin and control structure
foundation, creating a ponding effect. This ponded water could inhibit maintenance &
inspection work and require pumping the water out of the stilling basin. The ponded
water would also decrease the life expectancy of the joints. The plans will show
longitudinal and transverse slopes to get the water to the center of the end sill. We will
then install drainpipes through the end sill that align with the diversion low flow
channel. The control structure slab will slope away from the tainter gate sill plate
assembly and back towards the upstream diversion connecting channel.
6.6.2 Assumptions
• There will be an adequate number of drainpipes to prevent the drainpipes from freezing
shut.
• The contractor will be able to construct stilling basin and control structure that slopes
both longitudinally and transversely.
• That the water should be funneled towards the low flow channel.

16

Value Engineering Study Report
Fargo Moorhead Metro Inlet

Revision Date: 6-Feb-15

6.6.3 Future Design Tasks
• Determine the proper slope for the stilling basin and the control structure top of
foundations.
• Determine if it is better to slope the stilling basin and control structure with one slope
away from the tainter gates. This would make construction easier.
• Determine the size and number of drainpipes required for the stilling basin end sill.

6.7

Tainter Gate Seals

6.7.1 Detailed Design Description
Neoprene seals are used on tainter gates to manage water leakage where the gate meets the
piers and sill. Since the inlet structure gates will be used for short periods of time for very
infrequent events, and this will just be temporary before releasing water into the diversion
channel, leakage around the gate will not be a significant concern.
6.7.2 Assumptions
• Standard J type seals will be used on the side of the gate. This will be required or
leakage will be significant around the sides of the gate.
• Even if a bottom seal is not provided, leakage along of the bottom of the gate is not
expected to be significant
• Gates will normally be closed.
• If a metal gate bottom is in continuous contact with the steel sill, metal to metal
bonding may occur over time.
• The neoprene strip seal normally provided on the bottom of a tainter gate would be
inexpensive.
6.7.3 Other Ideas
• If a bottom seal is not used, metal to metal bonding could be prevented by blocking the
bottom or using a non-metallic sill.
6.7.4 Risk
• Increased maintenance of the tainter gates to replace seals.

6.8

Uplift

6.8.1 Detailed Design Description
• The plans will show a row of sheet piling running perpendicular to the diversion channel
alignment under the tainter gate sill plate assembly. This sheet piling will serve two
purposes; one purpose is to stop any seepage under the foundation and the second
purpose is to ensure that the piling for the diversion inlet structure does not need be
designed to carry the weight of the water.
6.8.2 Assumptions
• The water will be able to permeate the soil under the foundation.
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6.8.3 Risk
• If the soil under the foundation does not have adequate permeability then the piling
could be overstressed due to the weight of the water on top of the foundation.
6.8.4 Information Required From Others
• Length of the sheet piling required to control seepage under the foundation.
6.8.5 Future Design Tasks
• Design a row of sheet pile under the diversion inlet structure foundation to control
seepage. This row would be approximately under the tainter gate sill plate assembly.
• Design the foundation piling to not include the weight of the water on top of the
foundation.
• Ensure the soil under the foundation is pervious enough to prevent the piling from
having to support the water on top of the foundation.

6.9

Control Building

An approximately 10’ X 10’ control building will be located northwest of the inlet structure, on
top of the Excavated Material Berm (EMB). The building size may increase based on building
usage requirements from the local sponsor. The local sponsor may also provide some aesthetic
input. At a minimum, the control building will house the gate motor control centers, the
electrical service panel, a step-down transformer (for lighting and convenience receptacles), a
Programmable Logic Control (PLC) for gate control and data processing, and Supervisory
Control and Data Acquisition (SCADA) equipment. If included in the project, the backup
generator may also be housed within the control building. A double door or a wide service
door should allow for the installation and removal of all equipment. The building will maintain
a minimum heat (approximately 45°F) for the electrical equipment, which may need to be
increased during times of occupancy. Building ventilation will also be included. For security
reasons, the building will be fenced in and most likely constructed of reinforced concrete.

6.10 Backup Power

The site will require backup power. A small generator (less than 100 kW) will provide enough
power for the entire site. The generator could be located within the control building or it could
be pad mounted with an enclosure and installed inside of the control building fence. The Local
Sponsor is investigating whether or not natural gas is available at the project location. If natural
gas is available, it will be used to power the generator because storing large amounts of diesel
fuel for long periods of time is not desirable.
Because of the infrequent use of the inlet structure, it may be reasonable to merely provide the
means for a connection to a portable generator. A heavy-duty plug and receptacle with a
manual transfer switch would allow for this. Not having a permanently installed generator
would eliminate a number of periodic testing and maintenance requirements. If a permanently
installed generator were not provided, the Operations and Maintenance Manual would need to
include the requirement of renting a properly sized mobile generator and having it onsite prior
to any operation of the inlet structure.
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6.11 Capabilities to Melt Ice

There will need to be some way of melting ice on and around the tainter gates. At a minimum,
the side seals and seal plates will be heated to prevent the gates from freezing-in. The gate skin
plate may also need ice melting equipment. There are many effective methods to eliminate ice
on gates including electric heaters, steam pipes and air bubbler systems. In any case, a U.S.
Army Corps of Engineers Cold Region Research and Engineering Laboratory ( USACE CRREL)
report advises that heaters “should be designed to be easily replaceable with readily available,
inexpensive components.” “Otherwise, the record shows that once they stop working, they will
be abandoned.”

7 Site Considerations
7.1

Site Layout

7.2

Site Access

The channel cut will extend approximately 100 feet downstream of the limits of the stilling
basin; the channel will then slope up to existing ground at a 1V:7H slope. The channel side
slopes are 1V:7H, which is the same cut slope as for the other diversion, reach sections. The
channel will extend upstream a minimum of 300 feet beyond the limits of the diversion
structure, or 100 feet beyond any channel taper that may be required. Construction limits for
the diversion inlet will extend to the northern right-of-way limits for CTH 16. Temporary access
roads will depend on order of construction. Preload location depends on abutment choice. The
idea of completing the bridge and structure at the same time was discussed. No decisions were
made at this time, but the local sponsor is aware of this comment. The center of the diversion
inlet was moved 100’ upstream along the diversion alignment to insure that abutment
preloading will not interfere with traffic along HWY 17. The revised diversion inlet location will
be provided to Geotechnical Branch for their review. The underlying geology in this area is
generally quite uniform; a structure adjustment of 100 feet upstream may be insignificant. The
site plan showing the schematic adjustments discussed during the charrette is shown in Figure
8-1: New Site Layout.
The team discussed access of the site, both for normal operations and during emergency
operations. The bridge will be located upstream from tainter gate. The road from bridge to EMB
to building should be equipped with a parking lot. The road would be a fifteen-foot wide gravel
surfaced access roadway along the centerline of the Diversion Embankment to access the inlet
structure. The roadway will cross the inlet structure over a bridge that will be integral to the
structure. Access to the southeast and southwest abutments will be provided via CTH 16 and
the portions of the remaining HWY 17 road core. The access will traverse the embankment
along the embankment’s west bank, with a maximum slope of 10%.
During emergency operations, it is extremely unlikely that debris would block all bays.
Therefore, debris could be removed before or after an event and not during an event. If a crane
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is necessary, it is assumed that it will access the site in the dry following the abutment access
routes provided. This decision eliminates the need to design the bridge to support a crane.
Additional fill may be required to provide access and a working surface for the crane. In the
event that a gate became stuck, jacks will be sufficient for freeing a stuck gate rather than a
crane. Finally, the team discussed whether a boat ramp should be designed to allow boats to
launch near the inlet. The team determined that a small board could be launched upstream or
downstream from the inlet via the abutment access routes. The slopes are flat enough that no
additional design is required to allow boat access.

7.3

Preload

7.3.1 Detailed Design Description
The proposed design is to construct a preload embankment over the abutment and
embankment transition to allow long-term settlement to be complete before construction of
the inlet structure and supporting abutment walls. Reducing settlement at the abutment wall
will insure that the structure is not affected by any differential movement between the
structure and dam embankment which could also add additional down-drag loads to the piles.
The pre-load embankment will be constructed out of material from the inlet channel to the
structure.
7.3.2 Assumptions
• The abutment or T-walls will tie into the dam embankment fill.
• There will be no other foundation correction or support underneath the embankment.
• After construction is completed, water will be allowed to fill the excavated hole that was
used for the preload embankment.
7.3.3 Other Ideas
• Support the embankment with some type of foundation support.
7.3.4 Constraints
• Keep construction limits east of county road 17, north of county road 16. The structure
was moved 100’ upstream to provide more distance between the two locations.
• Real estate: Team assumes real estate will be acquired and utilities moved by the local
sponsor before construction. The exact footprint of the preload is still being determined
but the majority of the work will be completed on the two property owners in the figure
below.
• Preloading will not aid in preventing the global stability issues with the abutment walls
• If an additional design alternative is chosen, pre-loading may not be required or needed.
This would be the case if a deep soil mixing were chosen as an alternative.
7.3.5 Future Design Tasks
• Determine transition zone between embankment and abutment
• Determine wick drain spacing and amount needed for preload
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Figure 7-1: Affected property owners for preloading. The extent of the preload has yet to be
determined.

7.4

Temporary Site Configuration

As part of the charrette, a discussion was held concerning the large excavations that will remain
after the inlet structure is constructed but before the channels are excavated, possibly for
several years. It was stated that the ground water is approximately 5 feet below ground
surface. The channel thalweg elevation downstream of the inlet structure is expected to be
approximately elevation 888.5. This means a 26.5’ deep hole. Although berms could be
installed to exclude overland flow and ditches would be redirected around the excavation, the
ground water would most likely fill the hole to within 5 feet of the ground surface over time. It
was stated that the tainter gate trunions would be above the current ground water elevation,
thus all moving parts would be above standing water. Although standing water may stain the
concrete surfaces, it was discussed and determined to be not significant enough to warrant the
cost of installing and maintaining a pumping or dewatering system. Continually pumping what
could be essentially ground water may also require obtaining one or more permits. Other
structures have been built ahead of the channel excavation and the standing water is not
pumped out of the remaining excavation holes.
Decision: Accept effects of standing ground water in the excavation without
pumping
It was discussed and decided that the efforts needed to keep water out of the excavations did
not outweigh the benefits and did not affect the long-term operation or life expectancy of the
inlet structure. Therefore, the group reached consensus to accept the effects of standing water
on the permanent structure and not go forward with pumping out the excavations until the
channels were completed.
7.4.1
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8 Other Considerations
8.1

Safety, Lighting, and Security

8.2

Aesthetics

As part of the charrette, discussion it was determined that there were some unknowns related
to site security and site and operations safety that could not be answered within the group.
This information is not urgent, but the team recommended that a security and safety specialist
review was imperative as part of the design process. The review should be completed after the
site layout and inlet structure configuration are known but before the details of design are
determined to ensure that needed safety and security features are easily included in the design
process. It is recognized that some site and security issues influence or are influenced by
operations and maintenance activities. Therefore, it is suggested that both USACE and the local
sponsor participate in the review. The following were discussed as possible issues included in a
safety and security review:
• Fence around building, inlet structure, tainter gates, stilling basin and general site,
possibly excluding the parking lot. It was discussed and recognized that this is structure
may be an “attractive nuisance” but there may be little that would be fully effective
from unauthorized uses.
• Need and location for access restrictions, such as gates, bollards (removable/stationary),
etc., along access roads and on top of dam.
• Site lighting – to include which lights, if any, are needed all year and which are only
needed while the structure is actually being operated. The following locations were
discussed:
1. in tainter bays
2. on access bridge or any other access ways.
3. around building
4. upstream (looking for dangerous floating debris – spot light?)
5. under bridge
• Safety review may include:
1. the need for water rescue type equipment
2. safe footing, operations would be expected to occur during freezing conditions
with all varieties of precipitation.
3. review of expected atmospheres in the control building
4. frequency of use based on local authority operational expectancies
5. location of hand and guardrails.
The Fargo-Moorhead Diversion Authority (DA) desires to have a unified aesthetic identity for
structural elements along the Diversion Channel. Their consultants, the Houston Moore Group
(HMG) completed a Bridge Aesthetics Technical Memorandum in November 2012 which
included a review of relevant project information, including the draft recreation plan, a picture
survey of regional bridges, and the development of several bridge aesthetic concepts for
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interstate and county road bridges. The DA selected a simulated stone (Mankato Cut Stone)
form liner for abutment wing walls, tapered wall piers for interstate bridges and hammerhead
piers for county and township bridges.
An aesthetics evaluation will be conducted for the Project's three (3) control structures and two
(2) aqueducts, which will take into account and build upon the aesthetic treatments developed
for the Project bridges. It is anticipated that several concepts will be developed for the control
structures and aqueducts and DA selection team will review and select an aesthetics plan for
the control structures and aqueducts.

8.3

Historic Properties

Based on coordination of the viewshed analysis with the North Dakota State Historic
Preservation Office (SHPO), the SHPO has agreed that EMBs and other above ground structures
that are 20 feet tall (above ground) or less would not have a visual impact at over 1/8th mile.
We have been designing the EMBs to be 20 feet or less (21 feet allowing for subsidence) to
avoid all but minor visual impacts. Where the EMBs have to be over 20 feet, we will have to
determine what if any National Register of Historic Places eligible or listed properties (historic
properties) are within one-half mile of that taller feature and just what the extent of the visual
impact would be (none, minor, moderate, or major) on a case by case basis. Visual impacts
which cannot be avoided can be minimized by such things as trees, prairie grasses, and other
plants breaking up the view of the EMB or structure or blending the EMB in with the adjacent
landscape (the vegetation can be planted either near the EMB or near the home to help disrupt
the view).
Regarding the diversion inlet gates. If when closed, the structure and gates are 20 feet tall or
less, then there should be no or minor visual impacts. As the gates will only be in the up
position (37 feet) when in operation, this would be considered a temporary visual impact,
similar to noise and dust during construction. Though it would re-occur on an as needed basis.
This would still need to be coordinated with ND SHPO.
We would have to determine what historic properties are within one-half mile of the gated
inlet structure and determine the extent of the visual impact to those historic properties on a
case-by-case basis. Perhaps the visual impact could be broken up or minimized by plantings
near the historic building or farmstead versus at/nearer the inlet structure. Another thought,
perhaps the structure could be painted or tinted to blend in more with the background when
looked at from a distance.
The 20 feet starts at the normal ground surface. Any part of the structure below normal ground
elevation does not count in connection with visual impacts.

8.4

Interim Flood Fight Plan

During the Fargo Moorhead Diversion Inlet design charrette the creation of an interim flood
fighting plan was discussed. It is the opinion of the charrette team that the Fargo Moorhead
metropolitan area would benefit from the development of an interim flood fight plan. The
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purpose of the plan would be to determine and document how the Fargo Moorhead area flood
fight will change as various features of the planned diversion are constructed but before the
entire project is complete. The plan should be coordinated with the project delivery plan so
that it addresses how the flood fight for the region would change as the planned delivery of the
project progresses. It should address:
• When, or if, any of the various operable features of the project such as the inlet, the
closures on the Wild Rice River or the Red River of the North, the diversion channel, or
the aqueducts, would ever be operated prior to the completion of the entire project.
• If various features of the dam, levees, diversion channel or EMBs should ever be
incorporated into an interim flood fight and if so, how.
• How the construction of various features will impact flood flows and elevations relative
to any interim fighting measures.
• The need to leave flood flow passages or gaps in any of the levee or embankment
features prior to completion of the project in order to provide for a controlled and
orderly flood fight during project construction.
• How to ensure that project features are not left in a vulnerable condition during a flood
so that they become damaged.
• If certain portions of the project should be built in a specific order so that interim flood
fighting is benefitted.
• How the project can be constructed to provide the maximum benefit to the flood risk
reduction area in the most rapid way so that the region can benefit as soon as possible
from the delivery of even small portions of the project.
• How the construction of the planned project at each major phase impacts the exiting
diversions and flood protections projects.
• What if any minor changes to the existing project might provide significant benefits to
interim flood fighting efforts.
• What flood conditions would trigger construction to stop or change from a condition of
building the project to one of protecting what has already been built.
The interim flood fight plan should start with the current flood fight plan and be prepared so
that it is similar in appearance and style. The point is that the current flood fight team should
be able to use this document will little or no loss in comprehension of what is meant by certain
terminology. It should include maps and specific locations where interim levees should be built
and which if any of the existing temporary flood fight levees no longer need to be built. To the
extent reasonable the maps should be similar to those in the current plan. Since the majority of
the major flooding for the region is tied to spring snow melt, it should focus on the likely stage
of project completion each spring but not be limited to that. It should also attempt to identify
when during the construction of the project the region is placed at a specifically high risk due to
some condition created by project delivery that exposes the area to particularly high risk of
flooding.
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Post-Charrette Site Layout

After the completion of the charrette, many of the layout changes were incorporated into a
new draft design plan, shown in Figure 8-1.
Figure 8-1: New Site Layout
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9 Discipline Narratives

The team developed narratives for each discipline to document constraints, information needs,
and upcoming tasks. These narratives will help the team schedule the remainder of the design.

Civil Site Design

9.1
9.1.1

Detailed Design Description

We will develop demolition and site development plans based upon a detailed inlet structure
design. Plans will include demolition plans, grading plans, and right-of-way plans. Design
features include embankment design, channel design, site access roadways, control building
site grading, parking lot design, and erosion control details.
9.1.2
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•

Assumptions
Downstream channel width will be 300 feet
Upstream channel width will be between 300 and 400 feet
Diversion embankments will have a top elevation of 931.7 + 1.0 =932.7
Diversion embankments may have dry side slopes flatted and top widened to balance
earthwork.
The Downstream diversion channel will not have an EMB on the right bank, EMB will
only be provided on the left bank of the diversion channel, dimensions will be
dependent upon earthwork
The left EMB will not have an embedded levee.
The parking lot and building pad will be located on the left bank where the EMB meets
the diversion embankment.
Assume parking lot sized for a 10x10 building, a generator pad and a parking lot for 10
vehicles (this will provide room for maintenance vehicles and some open storage area)
We will need access to all four quadrants of the diversion structure; the design vehicle
will be a pick-up truck. Pickup trucks are capable of traversing a 1V:7H slope to the
bottom of the channel.
Upstream invert elevation is 899.7
Downstream invert elevation is 888.5
Project shall end prior to CTH 16
Where project ends, end with 1V:7H cut slopes on channels and similar slopes on
embankments.
Extend channel downstream of stilling basing 100 feet for downstream limits of project
Extend channel upstream of structure inlet 500’ or 100 feet beyond taper.
Channel width at entrance and exit of structure shall be width of structure
Channel bottom taper 1V:2H
Low flow channel not required in the channels, low flow will start upstream and
downstream of the project
Access from the south will be from CTH 16 on the old HWY 17 road core
Access from the north will be from the EMB top to the realigned HWY 17.
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Constraints
Ensure earthwork balances
Insure we have vehicle access to all four quadrants of the inlet structure.
Insure channel slopes and inverts meet hydraulics requirements
Insure slopes meet geotechnical requirements.
Insure quantities are calculated correctly
Identify location of existing utilities.

9.1.4 Risk
• Unidentified utilities would cause schedule problems
• Quantities overruns would cause cost overruns
• Poor side design would affect use of facility
9.1.5
•
•
•
•
•

Information Required From Others
Confirmation of invert elevations and channel slopes from hydraulics
Confirmation of US channel width from hydraulics
Abutment layout and structure footprint/elevations from structures
Confirmation of embankment side slopes from geotechnical
Utility survey data from sponsor.

9.1.6 Future Design Tasks
• Preliminary plan layout
• Preliminary right-of-way plan

9.2

Geotechnical Design Narrative

9.2.1 Detailed Design Description
The inlet structure project is comprised of the following main features: gated control structure,
abutment walls, and earthen embankment dam. Remaining tasks include completing site
specific soil exploration and testing and evaluating the stability of the main structure and
embankment.
9.2.2 Assumptions
• All real-estate will be acquired by the sponsor before construction of the preload in the
beginning of fall 2016.
• H&H Branch provisional design completed by Nov 30, 2014 with inlet and outlet channel
widths determined and required height of the structure.
• The structure will remain in the same location and not be relocated.
• Site specific soil exploration and testing will not result in significantly lower design
values or unusual stratigraphy.
9.2.3 Constraints
• Schedule limits the amount of design alternatives that can be assessed.
• Limit impacts to nearby county roads
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9.2.4 Risk
• Stability of the embankment and T-wall cannot be achieved and needs additional
reinforcement.
• The location of the inlet moves significantly and requires additional exploration
• Stability of the dam embankment requires flatter slopes
9.2.5 Information Required From Others
• Size of the structure and stilling basin
• Riprap sizing from H&H
• Required top elevation of the dam and structure
9.2.6
•
•
•
•
•
•
•
•
•
•
•

9.3

Future Design Tasks
Complete a preload design (wick drain spacing and preload height)
Determine global stability of inlet structure abutments
Determine long-term settlement
Any filter design requirements
Complete site specific boring and testing
Determine if dewatering and groundwater control plan is needed
Evaluate laboratory testing
Temporary excavation slopes
Instrumentation requirements
Sources of construction materials
Sub-foundation of the structure

Hydraulic Design

9.3.1 Detailed Design Description
Use current Hydrologic Engineering Center – River Analysis Model (HEC-RAS) modeling to
evaluate the diversion channel inlet structure features as part of the entire diversion
channel/staging area system, including the upstream connecting channel, gated spillway,
stilling basin, upstream and downstream erosion control, and transition to the diversion
channel. Evaluate different flow scenarios to determine erosion and energy dissipation
concerns and optimize spillway function.
9.3.2 Assumptions
• During non-flood periods the diversion inlet structure gates will be in the closed
position.
• The upstream connecting channel (connecting the diversion inlet structure to the Wild
Rice (ND) River) will slope away from the diversion inlet structure to prevent water from
ponding at the structure during non-flood periods.
• The upstream connecting channel and downstream diversion channel surfaces will be
maintained with vegetative growth except in areas where riprap is necessary for erosion
control.
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There will be an EMB along the right (looking downstream) side of the diversion channel
for the reach between the diversion inlet structure and the Sheyenne River aqueduct.
There will be no EMB along the left side of the diversion channel in this same reach.

9.3.3 Constraints
• Ensure that the diversion inlet structure, in combination with the Red River and Wild
Rice River gated structures, is designed to pass flows so that the upstream stage does
not exceed the minimum acceptable height of freeboard for the dam embankment
• Ensure that energy at the base of the spillway is dissipated for the full range of flows in
order to prevent the possibility of scour of the downstream diversion channel or
undermining of the structure foundation.
• Determine critical velocities through the spillway, upstream connecting channel, and
diversion channel that will require erosion protection.
9.3.4 Risk
• Erosion or scour upstream or downstream of the diversion inlet structure leads to
undermining and eventual failure of the structures.
• Uncontrolled flow into the diversion (due to inoperability of the gates because of loss of
power) causes downstream stage impacts
• Flow over the overflow spillway due to ice or debris blocking the gates or gates not
opening due to mechanical or electrical failure which causes the staging area water
surface elevation to increase
• Velocities around the stilling basin induce excessive erosion.
• Model results conflict requiring additional analysis.
9.3.5 Information Required From Others
• Ground surveys
• Culvert elevation and size information in surrounding area (being collected by HMG
now)
9.3.6 Future Design Tasks
• Determine provisional top of dam elevation, gate width and height, gate sill elevation,
spillway crest shape, and upstream connecting channel bottom width based on RAS
modeling
• Develop RAS model runs for range of smaller flows to determine critical flow for energy
dissipation design
• Determine the type of stilling basin that will best meet the needs of the structure, and
design stilling basin
• Verify that the diversion inlet structure will not cause scour or erosion downstream at
the proposed location of the realigned Highway 17 bridge
• Determine size and extents of riprap protection upstream and downstream of the
structure (if necessary)
• Determine how the upstream connecting channel can be constructed to drain
effectively considering the width and flat slope.
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Assess local drainage and route it away from the diversion inlet structure footprint as
possible. This includes existing highway drainage adjacent to the site as well as the ditch
proposed along the west toe of the overflow spillway south of the diversion inlet
structure site (which will flow north along the east side of Highway 17).

Mechanical/Electrical Design

9.4.1 Detailed Design Description
Design the tainter gate operating equipment for hoisting the tainter gates. This will include
calculating the required gear reductions and the sizing and specification of electric motors and
motor control centers, limit switches, brakes, drive couplings, torque tubes, hoist drums and
wire rope. Coordinate the design of the trunnion pin and bearing with Structural. Specify
heating equipment to prevent tainter gates from freezing-in. Design lighting for the gate bays,
bridge and control building based on operational requirements. Specify electrical generator, if
needed. Coordinate incoming power with the local electric utility and size the service
transformer. Design the site electrical layout. Determine functional requirements and specify
PLC and SCADA equipment. Limited HVAC design for the control building.
9.4.2 Assumptions
• Each gate will be operated by a wire rope hoist driven by electric motors and enclosed
reducing gearboxes. Open gearing will be evaluated.
• Gate operating equipment will be located at the center of each tainter gate.
• Gates will be operated from local pushbutton stations or from the PLC interface in the
control building.
• One foot per minute gate travel speed.
• Gates are stored in the closed position.
• Gates will operate in below-freezing conditions.
• Voice communication is done using cell phones and/or radios (no design requirement
for this project).
• SCADA will only transmit (it will not receive) to provide remote monitoring.
• 480V, 3-phase power.
9.4.3 Constraints
• Location for mounting the gate operating equipment must be coordinated with
Structural so that the wire rope is pulled vertically and is tangent to the arc of the
tainter gate skin plate.
• Size of operating equipment may be constrained by the bridge design.
• Coordination with other disciplines is required to ensure that PLC accepts signals from
multiple pieces of instrumentation (water level indicator, flow meter, inclinometers,
security, etc).
• Any gate heater installed must be robust and easily replaceable.
9.4.4 Risk
• Potential for and amount of ice formation on the tainter gate skin plates is unknown.
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Information Required From Others
Tainter gate loads.
Tainter gate size (width, range of travel).
Trunnion pin dimensions/type (cylindrical or spherical).
Pier dimensions.
Availability of natural gas for the generator.
SCADA requirements (remote monitoring or remote operation).
Any other Mechanical or Electrical requirements that may result from the Local
Sponsor’s requests for the control building.

9.4.6 Future Design Tasks
• Calculate required gear reduction. Determine size of gearbox and any requirements for
open gearing.
• Size electric motors and motor control centers, limit switches, brakes, drive couplings,
torque tubes, hoist drums and wire rope.
• Determine material for trunnion bearing (greased or self-lubricating).
• Work with Structural to determine type of trunnion bearing.
• Determine the most appropriate method to prevent the gates from freezing-in.
• Determine whether it is feasible to use temporary generators, or if permanent, on-site
backup power is required.
• Design lighting for the gate bays, bridge and control building based on operational
requirements.
• Develop a site electrical plan. Size conductors and breakers based on required
equipment.
• Size heaters and ventilation system for the control building.
• Develop plans.
• Develop specifications.

9.5
9.5.1

Structural Design
Detailed Design Description

Design and detail the mechanical equipment bridge, vehicle service bridge, control structure
piers, abutments and foundation. This will include coordination with hydraulics and hydrology
for headwater and tailwater elevations; geotechnical for pile capacities, global stability and
drainage requirements for the granular material under the control structure foundation; and
mechanical for mechanical platform equipment loading requirements, locations and control
building layout. There will be limited structural design for the control building
9.5.2 Assumptions
• There will be (3) 50 foot wide gates
• Piers will be 12 feet thick
• The control structure will be pile founded.
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During non-flood periods the diversion inlet structure gates will be in the closed
position.
The vehicle service bridge will not be open to the public as there will be a separate
bridge for public travel.
The top of the vehicle service bridge is 931.0.
The upstream control structure invert elevation is 899.7
The downstream control structure invert elevation is 888.5
The service bridge will be designed for HL-93 (typical highway bridge) loading.
The mechanical bridge and the vehicle service bridge will be separated.
Constraints
The vehicle service bridge will not be open to the public.
The local sponsor will reconfigure the local roads for public travel.
The piers will not have slots for bulkheads.
The service bridge will not be designed for a crane to clear debris, perform
maintenance, etc.

9.5.4 Risk
• Potential for debris to block one or more of the gates is very low.
• The height of the mechanical platform will not be allowed do to aesthetic impacts.
9.5.5
•
•
•
•
•
•
•
•
•

Information Required From Others
Confirmation of invert elevations from hydraulics.
Headwater and tailwater elevations from hydraulics.
Ogee definition from hydraulics.
Stilling basin length and associated requirements from hydraulics.
Piling capacities and soil properties from geotechnical
Concurrence from the sponsor on the service bridge width.
Aesthetic requirements from the sponsor.
Fencing and security requirements.
Lighting requirements on the vehicle service bridge and mechanical platform bridge.

9.5.6
•
•
•
•
•
•
•
•
•
•

Future Design Tasks
Work with geotechnical to finalize the abutment retaining wall configuration.
Provide Mechanical with tainter gate reactions.
Provide the sponsor with a recommendation on the service bridge width.
Design the control structure foundation.
Design the tainter gates.
Design the piers.
Design the abutments.
Design the mechanical bridge and the vehicle service bridge.
Design the control building.
Develop plans.
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Develop specifications.
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10 Presentation Phase and Next Steps

The PDT was provided the VBDC report to document design decisions made during the
charrette. The report documents the understanding and assumptions of the team at the
conclusion of the study. The design will continue to evolve throughout the design process.
The team developed the following list of tasks that need to be addressed in the coming months:
Topic
Combining bridge and structure
Physical/numerical modeling—is
there a need for 2D or 3D?
Abutment
Tainter gate design
Settlement amount and
embankment slopes
Aesthetics
Control Building
SCADA, remote operation, local
control of PLC
CR 17 team start date
Visual impacts of EMB heights
Revise site layout

Responsible Party
Brett, Terry, and Sponsor
Hydraulics

Due Date
21 Nov 2014
21 Nov 2014

Structural/Geotech
Hydraulics
Geotech

15 Dec 2014
30 Nov 2014
15 Dec 2014

Sponsor
Sponsors
Sponsors

1 Feb 2015
1 Feb 2015
1 Feb 2015

Sponsors
Environmental
Civil

11 Dec 2014
15 Dec 2014
24 Dec 2014

Many of these topics have been addressed to date. The PDT will continue to develop the ideas
discussed in this report and coordinate design changes with the sponsors. The designs
proposed in this report constitute the current state of the design at the time of the charrette.
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Appendix A – Statement of Acceptance
VALUE ENGINEERING STUDY REPORT - STATEMENT OF ACCEPTANCE
The St. Paul District completed the Value Engineering (VE) Study Report (Report No. CEMVR-VEFY12-05) for the Fargo Moorhead Metro Inlet Project in accordance with ER 11-1-321. Notice is
hereby given that the VE Study Report was reviewed and accepted by the Project Delivery Team
(PDT). At this time, the proposals noted in the VE Study Report as accepted should be given
further consideration by the PDT and implemented where reasonable. Acceptance for each
proposal is noted in the Executive Summary of VE Study Report. The rational for acceptance or
rejection is included after the description of each proposal.

Megan McGuire, AVS
VE Study Team Lead, CEMVP

Bonnie Greenleaf, P.E.
Project Manager, CEMVP

CERTIFICATION OF APPROVAL
The proposals and PDT concurrence presented in the Value Engineering Study Report No
CEMVP-VE-FY14-05 are acceptable and should be given additional consideration by the PDT for
implementation.

Michael Bart, P.E.
Chief, Engineering & Construction,
CEMVP-EC

Judy DesHarnais, P.E.
Deputy for Programs and Project
Management, CEMVP-DPM
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Appendix B – PM Certification
VALUE ENGINEERING STUDY – P ROJECT MANAGEMENT CERTIFICATION
I, Bonnie Greenleaf, certify that this procurement action, Fargo Moorhead Metro Inlet Project,
has completed the Value Engineering process as required by ER 11-1-321, Army Programs Value
Engineering. Specifically, I certify compliance with Public Law 99-662 (33 USC 2288) and OMB
Circular A-131. A VE study was conducted between 19-21 Nov 14 by the appropriate authority.
All VE proposals indicating potential savings over $1,000,000 have been resolved with approval
of MSC/Engineering Center Commander.

Bonnie Greenleaf
Project Manager, CEMVP-PM

Megan McGuire, AVS.
Value Engineering Officer, CEMVP-VEO

VALUE ENGINEERING STUDY – P ROJECT MANAGEMENT CERTIFICATION REFERENCE
In order to ensure compliance with applicable statutory requirements, ER 11-1-321 Change 1
dated 01 January 2011 requires that each project/contract, prior to award contain the Project
Management (PM) Certification as follows:
a. Civil Works Decision Documents: All feasibility reports, post authorization change
reports, general reevaluation reports, reauthorization letter reports, and the equivalent
shall contain a review and approval statement from the PM indicating that required VE
action has been completed, as appropriate, for that phase of the project. This
statement will indicate that appropriate studies have been performed and that all
proposals indicating savings greater than $1 Million, affecting plan formulation, have
been resolved.
b. Biddibility, Constructability, Operability, and Environmental (BCOE): The statement that
appropriate VE actions have been completed shall accompany the BCOE document for
all procurement actions with a current working estimate over $2 Million.
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