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.1 ASSESSMENT FACTORS

This appendix to the FM Diversion Post-Feasibility Southern Alignment Analysis (PFSAA) is intended to
provide a qualitative and quantitative assessment of feasibility-level assessment factors used for the
alternatives. The assessment compares the value of alternatives to that of the FRP. Value is defined as:

“...the relationship between functions and resources where function is measured by the
performance requirements of the customer and resources are measured in materials, labor,
price, time, etc. required to accomplish that function. Therefore, this process focuses on creating
a best value solution by identifying the most resource efficient way to reliably accomplish the
functions that meet the performance expectations for the project” as defined by USACE in
Report No. CEMVP-VE-FY12-02_FMM Outlet, Value Based Design Charrette, Outlet Structure &
Diversion Reach 1, dated December 2011.

In the context of the PFSAA, seven categorical assessment factors were identified by the working group to
characterize the function and performance requirements of the southern alignment alternatives.
Assessment factor weighting and scoring was developed by the working group to compare relative
ranking of the functionality portion of the value definition. Estimated construction cost was used to
characterize the resources invested. In this way, this assessment aims to characterize “value” as defined,
for comparing the alternatives versus the FRP. These factors were developed in cooperation with the
USACE and the working group at two workshop meetings during 2012.

The purpose of the assessment is to evaluate the various southern alignment alternatives and to aid in
determining which alignment and features best meet project objectives and provide the greatest value. In
a project as complex as the Fargo-Moorhead Diversion, cost alone does not adequately capture the
differences between alternatives. Rather, multiple criteria must be considered when evaluating the
alignment alternatives and then considered with cost. The intent of this Appendix is to provide decision
makers with an assessment of these criteria and estimated costs alternatives to aid in selecting a
preferred southern alignment. The seven factors developed to represent the criteria for consideration of
southern alignment alternatives at the June 19, 2012 VE-13 workshop, and modified during the August 2,
2012 LSLCTT meeting and August 15-16, 2012 LSLCTT Integration Workshop include:

Risk Reduction Considerations

Implementability

Property Impacts (Number of Residential Structures)
Environmental Considerations

Property Impacts (Number of Acres)

Floodplain Considerations

No vk wnR

Transportation Safety Considerations
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A discussion of key assessment criteria identified and comparative data, where available, are presented in
the following sections for the base alternatives, which do not include enhancement “bundles”. These
base alternatives are discussed in more detail in the main PFSAA report:

Federally Recommended Plan (FRP)
VE-13 Option A (VE13A)

VE-13 Option C (VE13C)

North of Wild Rice River (NWRR)
South of Oxbow (OXBOW)

vk wNe

Appendix | also includes consideration of PFSAA enhancement bundles, which consist of a set of features
that are added to individual southern alignment alternative base cases. Development of the bundlesis in
response to several studies related to potential modifications to the design and operation of the diversion
project which have taken place since the completion of the Feasibility Study and FEIS. These post
feasibility studies include the following:

¢ Flows Through Flood Damage Reduction Area (July 16, 2012)
e Diversion Inlet Gate Analysis (Draft, August 7, 2012)
¢ Land Management Improvements Evaluation No.1

More details about these studies can be found in Section 6 of the PFSAA main report. The assessment of
alignment options in Appendix | was completed based on the following “Bundles”.

e Federally Recommended Plan (FRP) alignment plus increased flow through flood damage
reduction area and gated inlet structure.

e VE-13A (VE13A) alignment plus increased flow through flood damage reduction area and gated
inlet structure.

e VE-13C (VE13C) alignment plus increased flow through flood damage reduction area and gated
inlet structure.

e North of Wild Rice River (NWRR) alignment plus increased flow through flood damage reduction
area and gated inlet structure.

e North of Wild Rice River (NWRR+OXBOW Levee) alignment plus increased flow flood damage
reduction area, gated inlet structure, and levee for Oxbow, Hickson, and Bakke Subdivision.

e  South of Oxbow (OXBOW) alighment plus increased flow through flood damage reduction area
and gated inlet structure.

.2 ASSESSMENT CRITERIA

The following assessment criteria were identified and developed at the June 19, 2012 VE-13 workshop,

August 2, 2012 LSLCTT meeting, and August 15-16, 2012 LSLCTT Integration Workshop during a combined
(Local Sponsor and USACE) group exercise. Seven factors identified to represent the assessment criteria,
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as well as estimated cost, should be evaluated when considering southern alignment alternatives and
selecting a preferred alignment.

Risk Reduction Considerations

Implementability

Property Impacts (Number of Residential Structures)
Environmental Considerations

Property Impacts (Number of Acres)

Floodplain Considerations

NoukwheR

Transportation Safety Considerations

.2.1 RISK REDUCTION CONSIDERATIONS

Limiting risk to the public by constructing a system that limits risk of failure of critical features is important
to consider when evaluating alternatives. Once constructed, the project will be in operation for many
years. Long term risk considerations are necessary to evaluate alternatives.

Risk characterization generally considers the risk of failure or robustness of an alternative, and the
consequences that could result from a possible failure. The lowest cost or easiest to construct alternative
is not necessarily the most favorable from a risk-management perspective. Increased risk exists where,
for a given set of alignment features, the flood risk reduction features have a greater potential exposure
to the risk of being compromised and ultimately failing. The risk is greater where a potential failure can
cause greater loss of life or damage to property.

Risk factors identified during the workshops with input from Diversion Authority and USACE
representatives were not intended to be a complete list of all potential risk factors. However, for a
relative comparison of alternatives, the risk factors considered in this assessment provide a preliminary
characterization of initiators and failure mechanisms, with consequence of failure being equally high for
all alternatives. This assessment does not replace or supersede a more formal Potential Failure Mode
Analysis (PFMA), which was outside the scope of the analysis agreed upon by the working group.

For comparison of risk, several big-picture risk parameters were identified for consideration as risk
factors. This scoping of the risk characterization was performed by the working group during the June 19,
2012 VE-13 workshop, August 2, 2012 LSLCTT meeting and August 15-16, 2012 LSLCTT Integration
Workshop. The risk factors identified include:

e Length and height of embankment (and potential depth of water along the face of embankment)

e Difference in headwater to tailwater across hydraulic closure structures and height of the
hydraulic structures

e Number of hydraulic structures requiring human intervention for flood risk reduction

e Resilience of a design to a variety of floods
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Each of these risk factors is discussed in detail in the sections below. The nature of the risk assessment
discussion provided for evaluation of the southern alignment alternatives was not performed in
congruence with detailed USACE methodology. Rather, the risk factors presented herein are generalized
considerations for comparing how features of southern alignment alternatives compare to one another.
A detailed risk assessment should be completed in future detailed phases of design, if determined
necessary by USACE or the Local Sponsors.

[.2.1.1 RISK REDUCTION — LENGTH AND HEIGHT OF EMBANKMENT

Risk must be considered relative to levee and dam embankments. In general, for other factors remaining
equal and for the conditions presented at the southern alignment alternatives, an embankment with
lower height and shorter length are preferable from a risk-management perspective, as suggested by the
USACE Levee Screening Tool and other similar risk assessment methodologies. Other things being equal
(including height), a longer embankment is more predisposed to having a greater statistical risk of failure
than a shorter one. In general, embankments with lower height are considered lower risk.

Shorter length of embankment constructed is:

e less embankment to construct and ensure QA/QC of the constructed product during design and
construction

e |ess embankment exposed to possible weakest-point failure during flood events

e |ess embankment to operate, maintain, inspect and recertify in the future

In general, the larger the difference in elevation of headwater to tailwater across the embankments, the
greater the degree of risk (i.e. embankments with lower height are considered lower risk). Other things
being equal, a higher embankment has a greater risk of failure than a lower one due to the greater
amount of potential energy (hydraulic head) stored in the pool upstream of the embankment and the
increased geotechnical loading over underlying soil. As embankment height increases, the potential
maximum loading on the face of the embankment increases, posing a higher risk of the embankment
being compromised. Additionally, for the same fetch, higher embankments that hold back deeper water
may be subject to increased risk of being compromised by wave action and associated wave overtopping
during flooding events. In general, deeper pools of water may facilitate higher maximum wave heights
than shallower pools. In shallower pools, the bottom interrupts wave development, limiting the
maximum height of waves generated.

In an effort to understand the distribution of lengths and heights of embankments of the different
alternatives, a histogram of the total length of embankment according to select ranges of the height of
embankment (top of embankment to existing ground) for the Red River of the North (RRN) to the
Sheyenne River (Sta. 1514+00), including the embankment (103k cfs Spillway) along County Highway 17
(CH17) was created. This information is shown in Figure I-1. The distribution of embankment lengths and
heights among alternatives is evident with FRP, OXBOW and NWRR having a greater proportion of
embankments over 15 feet. The area of embankment face, taken here as the length of embankment
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multiplied by the average height in each range of the histogram in Figure I-1, is presented in Table I-1.
This calculation takes into account two risk assessment factors, the length and height of embankment.
Although the length of embankment is taken into account in Figure I-1 and the area of embankment face,
for simplification it is also summarized in Table I-1, rounded to the nearest 100 LF. The alternatives
VE13C, VE13A and NWRR have smaller area of embankment face and length of embankment compared to
the FRP.

Table I-1 Risk Considerations for Southern Alignment Alternatives

Length of
Embankment
Upstream of Area of
Sheyenne River Embankment
Alternative (Sta. 1514+00) Face (sg-ft)
(Miles)
FRP 21.0 1,607,700
VE13A 17.2 1,133,800
VE13C 16.6 1,269,800
NWRR 18.0 1,470,500
NWRR+OXBOW Levee 22.5 1,720,500
OXBOW 32.3 1,937,500
Fargo-Moorhead Area Diversion Project Page I-5
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Figure I-1 Height of Embankment Comparison for PFSAA
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Risk should be considered relative to the siting of hydraulic structures and the staging area. As existing
topography varies along the southern alignment alternatives, the height of embankments varies. In
general, the deeper the water depth staged over existing grade situated closer to a major population
center the greater the risk that damage will occur should a system failure occur. For example, the
footprint shape, location and depth of the staging area and Storage Area 1 should be considered from a
risk standpoint. In the case of the Oxbow alternative, water depth is increased in SA1 and is located
relatively closer to population centers than some of the other alternative alignments. Said another way,
moving the center of gravity of the staging area pool horizontally away from population centers may be
viewed as a risk reduction.

[.2.1.2 RISK REDUCTION — HEADWATER TO TAILWATER DIFFERENTIAL

Risk should also be considered relative to hydraulic structures. In general, the greater the difference in
headwater to tailwater elevation, the more predisposed the hydraulic structure is to risk of the feature
becoming compromised due to a greater maximum loading potential. From this generalized perspective,
control structures with shorter height are considered lower risk. Other things being equal, a control
structure has a greater risk of failure when there is a greater amount of potential energy and head stored
upstream of the structure and (if present) gates. Increased pool depth (hydraulic head) upstream of
hydraulic structures may predispose the feature to increased risk of seepage. Cutoffs manage seepage
risk beneath structures, but do not remove this risk completely.

The difference in headwater and tailwater elevations for the RRN control structure for the 1%-chance
event is presented in Table I-2.

Table I-2 Head Differential at the Red River Control Structure for 1%-Chance Event

Head Differential at

Alternative RRN Control Structure

for 1%-Chance Event
(ft)
FRP 38.0
VE13A 38.5
VE13C 36.2
NWRR 33.6
NWRR+OXBOW Levee 33.6
OXBOW 40.4
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[.2.1.3 RISK REDUCTION — DEGREE OF HUMAN INTERVENTION REQUIRED

The greater the level of mandatory human intervention needed for a project to provide flood risk
reduction, the greater the chance of feature failure, either as a result of a single occurrence or due to
wider systemic failure to properly operate and maintain the project. For example, this intervention is
present in the form of operating hydraulic structures during flooding events, accessing a structure and
providing backup systems (such as bulkheads), properly maintaining facilities and managing ice and
debris. From a risk management perspective, fewer active hydraulic structures reduces the degree of
human intervention required during flooding events and thereby reduces the risk that features could be
managed improperly or could be rendered inoperable during a flood event.

The numbers of hydraulic structures in the southern alignment alternatives requiring human intervention
are listed in Table I-3.

Table I-3 Number of Hydraulic Structures Requiring Human Intervention

. Major Hydraulic Minor Hydraulic
Alternative
Structures Structures
3 3
FRP (RRN, Wild Rice River, (Wolverton Creek, Drain
Diversion Inlet) 27, Upstream Drain 53)
3 0
VE13A (RRN, Wild Rice River,
Diversion Inlet)
3 0
VE13C (RRN, Wild Rice River,
Diversion Inlet)
2 0
NWRR (RRN, Diversion Inlet)
2 0
NWRR+OXBOW Levee (RRN, Diversion Inlet)
3 3
OXBOW (RRN, Wild Rice River, (Wolverton Creek, Drain
Diversion Inlet) 27, Upstream Drain 53)

A project with fewer active hydraulic structures reduces the number of interdependent system operations
that, if improperly performed or sequenced, can cause the system to malfunction unexpectedly (e.g., gate
opening, gate closing, emergency bulkhead installation, timing of these activities, etc.) At the community
and economy-level scale, interdependency risk is the risk that operations will be negatively impacted due
to a failure in another critical infrastructure sector. Reducing the number of hydraulic structures and
features requiring operation and maintenance during flood events can reduce interdependency risk to a
degree.

There are a multitude of factors that can increase the risk of a feature malfunctioning when system
features are interdependent. Examples of factors that could compromise the functioning of
interdependent project features include:

Fargo-Moorhead Area Diversion Project Page I-8
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e Interruption of transportation, electrical and/or communication networks due to unforeseen
weather such as a concurrent flooding event and a winter storm, and the resulting impact on
centralized SCADA control, monitoring, heated gate or bulkhead features, gate operation, etc.

e Interruption of the transportation network, demands on emergency management activities, and
the effect on gate operation, the storage, transport, and installation of bulkheads.

Risk must be considered relative to the long-term ownership, operation, and maintenance of the facilities.
Hydraulic structures will be operated and maintained for their design life. Throughout their life, and upon
decommissioning and replacement, these structures will require ongoing funding and resources. From
this perspective, fewer structures to own, operate, and maintain may reduce exposure to risks associated
with this.

[.2.1.4 RISK REDUCTION — RESILIENCE OF A DESIGN TO DIFFERENT FLOODS

A highly resilient flood risk reduction system is desired, that is, one that can be operated to effectively
reduce flood risk for a variety of flood types and severities.

For example, a highly resilient project would be able to be operated to effectively reduce risk for various
flood volumes, peak flows, and timing of peak flows from the Red River and various tributaries.
Additionally, a more resilient project would reduce the use of a PMF spillway to the extent possible.

Future consideration should be given to performing sensitivity analysis on the project operational plan to
characterize how the project functions for hydrographs and events differing from those modeled to date,
such as extended-peak or double peak events on various tributaries. The timing of the hydrographs
routed through the project impact both staging elevations, elevations for flows through town,
downstream water surface elevations, and water surface elevations on tributaries at the diversion
channel. Additional effort is required to understand what risk exposure exists with the potential variation
of this natural variable. In lieu of further investigations, resilience to natural hydrograph variation is
omitted for the time being from the numerical assessment factor scoring.

.2.2 IMPLEMENTABILITY

Implementability is a qualitative criterion, as it is difficult to quantify from a technical perspective.
Ultimately, decision makers need to weigh available data and make a qualified judgment when making a
decision. Key implementability considerations (from a technical perspective), as defined with input from
the Local Sponsors and USACE during the August 15-16, 2012 LSLCTT Integration workshop, include:

e Compliance with USACE Record of Decision and Chief’s Report and other permitting
requirements
e  Public policy considerations
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During the August 15-16, 2012 LSLCTT Integration Workshop, a group consensus exercise was performed
to rank each alternative in terms of implementability from a technical perspective. The first step in the
ranking process was to identify key metrics and rank them “head-to-head” against each other to develop
a relative weighting for each metric. The results of this ranking process are summarized in Table I-4.
More detailed descriptions of the subcategories that were identified during the Integration Workshop are
included following Table I-5.

Table I-4 Ranking Exercise to Determine Relative Weights of the Implementability Categories

Impacts to
Compliance | Impacts Residential | Impacts to
with to Land Structures | Residential
USACE in in Structures
ROD/ Richland/ | Richland/ not

Relative | Chief's Wilkin Wilkin Previously | FEMA Community
Subcategory Points | Weight Report Counties | Counties Impacted Issues Inclusion

Compliance
with USACE
ROD/ Chief's
Report (U)
Impacts to
Land in
Richland/Wilkin
Co. (L)
Impacts to
Residential
Structures in 2 13% N S C
Richland/Wilkin
Co. (S)
Impacts to
Residential
Structures not 4 27% N N
Previously
Impacted (N)

5 33% U U U U U

1 7% S N L C

FEMA Issues
P

Community
Inclusion (C)

0 0% c

3 20%

TOTAL 15 100%

The subcategories of the matrix were compared “head-to-head,” and the subcategory determined to have a higher weight
is listed by its abbreviation. The abbreviations are listed in the first column.

The next step in the ranking process was to rank each of the base alternatives for each metric; multiply
the ranking by the relative weighting; and add the total for each alternative for an overall
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implementability total. The results of this scoring process are summarized in Table I-5. The alternatives
with the lower score have a higher ease of implementability from a technical perspective based on the
LSLCTT group exercise.

Table I-5 Exercise to Rank Each Alternative in Terms of Ease of Implementability from a Technical Perspective

Relative Weight 33% 7% 13% 27% 0% 20%
| Il I} \Y, \% VI
Impacts Impacts to Impacts to
to Land in Residential Residential
Compliance Richland Structures in | Structures
with USACE and Richland and not Comm-
ROD/ Chief’s Wilkin Wilkin Previously FEMA unity Sub- Overall
Alternative Report Counties Counties Impacted Issues Inclusion total Implementability
FRP 3 5 5 1 2 3 19 2.9
VE13A 1 4 4 3 3 3 18 25
VE13C 2 3 1 4 3 3 16 2.7
NWRR 5 1 1 5 3 3 18 3.8
NWRR+OXBOW
Levee 5 1 1 5 4 1 17 34
OXBOW 6 6 6 2 3 1 24 3.9

Description of Ranking Exercise (ranking of 1 indicates that the alternative is most implementable and 6 indicates that the
alternative is the least)

l. Compliance with USACE ROD/Chiefs Report - In terms of compliance, rank from 1 (easiest or shortest time to
implement) to 6 (most difficult or longest time to implement)
1. Impacts to Land in Richland/Wilkin Counties - In terms of impacts to Richland and Wilkin Counties, rank from 1
(least land impacted) to 6 (most land impacted)
Il. Impacts to Residential Structures in Richland/Wilkin Counties - In terms of impacts to Richland and Wilkin
Counties, rank from 1 (least residential structures impacted) to 6 (most residential structures impacted)

V. Impacts to Residential Structures not Previously Impacted - In terms of impacted residential structures not
previously impacted by the FRP, rank from 1 (least number of new structures) to 6 (most number of new
structures)

V. FEMA Issues - In terms of the magnitude of issues related to FEMA, rank from 1 (less difficulty to implement) to
6 (more difficulty to implement)

VI. Community Inclusion - In terms of including communities in flood risk reduction, rank from 1 (most communities

being included) to 6 (least communities being included)

.2.3 PROPERTY IMPACTS — NUMBER OF RESIDENTIAL STRUCTURES

The number of structures impacted varies between the alternatives. For the purpose of this analysis, an
impacted structure is defined as a structure that located under the footprint of the project and would
require purchase or is within the defined staging area and would require purchase or other mitigation
measures. The estimated total number of structures impacted is presented in Table I-6. The estimated
structure counts are divided between residential and non-residential structures. Additionally, the
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structures within the staging area are categorized based on the total depth of inundation during a 1-
percent chance event.

While the totals are close, more residential structures are categorized as being within the footprint of the
project for the FRP than for either VE-13 option. This difference is largely because all structures within
SA1, even those that are within the area bounded by the SA1 embankments, are included in the FRP
structure total, while neither VE-13 option includes a storage area. The FRP, as well as both VE-13
options, result in staging elevations greater than 3 feet for structures in the Hickson, Bakke Subdivision,
and Oxbow area. This analysis assumes that any structure with greater than 3 feet of flooding for the 1-
percent chance event would be purchased. While many communities throughout the region and country
are behind levees that prevent greater than 3 feet of flooding during a 1-percent chance event, this
constraint is consistent with Appendix G of the Final Feasibility Report and FEIS for the project developed
by USACE.

The NWRR alternative impacts more residential structures than does the FRP or either VE-13 alternative.
This is largely due to the fact that the area between the FRP and the NWRR alternative is more heavily
populated than areas further south. The numbers of impacted residential structures for the NWRR
alternative, like the FRP and VE-13 options, include the structures in the Hickson, Bakke Subdivision, and
Oxbow area. Unlike the FRP and VE-13 options, however, the NWRR results in a staged elevation that
results in a total inundation depth at structures within Hickson, Bakke Subdivision, and Oxbow of less than
3 feet, allowing for a potential ring-dike. The City of Oxbow, Village of Hickson, and Bakke Subdivision
contain 172 residential structures as well as a number of non-residential structures. Approximately 130 of
these residential structures would not be impacted if a ring-dike was constructed. The addition of a ring
dike protecting most of the structures in Oxbow, Hickson Subdivision, Bakke, while reducing the number
of impacted structures, still results in similar overall structure impacts for the NWRR alternative and the
VE alternatives.

The OXBOW alternative, because it is located south of the communities of Oxbow, Hickson, Bakke
Subdivision, impacts the lowest number of residential structures, as well as the lowest overall number of
structures. The staging area for the OXBOW alternative is centered further south than other alternatives,
in a more sparsely populated area.

While the project is located in Cass County, ND and Clay County, MN, the alternatives impact residential
and non-residential structures in Richland County, ND, including the City of Christine, and Wilkin County,
MN. In addition to the impacted communities in Richland and Wilkin Counties, structures within the
communities of Oxbow and Hickson in Cass County and Comstock in Clay County are impacted. Table I-7
below provides a general means to compare the residential structure impacts in these areas.
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Table I-6 Property Impact, Number of Residential and Non-Residential Structures

Station
1514+00 to Upstream Ugtztrr:a(ran Usptitrraeagﬁ
Alternative Sheyenne of Station Area - 3? or Area - Lgess Total

Hydraulic 1514+00* More Than 3'

Structure
FRP, Residential 1 21 213 84 319
FRP, Non-Residential 3 88 160 164 415
VE13A, Res. 1 12 245 51 309
VE13A, Non-Res. 3 13 206 151 373
VE13C, Res. 4 3 229 81 317
VE13C, Non-Res. 3 9 328 69 409
OXBOW, Residential 1 23 46 61 131
OXBOW, Non-Residential 3 107 207 99 416
NWRR, Residential 4 13 286 174 477
NWRR, Non-Residential 3 7 318 98 426
NWRR+OXBOW Levee,
Residential 4 13 286 39 342
NWRR+QXBOW Levee, Non- 3 7 313 91 414
Residential
*Includes SA1 where applicable

Table I-7 Number of residential structures impacted
Location FRP VE13A VE13C OXBOW NWRR
Richland County* 8 2 0 45 0
Wilkin County* 5 1 0 14 0
Cass County* 244 255 298 57 422
Clay County* 62 51 19 15 55
Total 319 309 317 131 477
Oxbow 99 99 97 0 92
Bakke Subd. 58 58 58 0 58
Hickson 15 15 15 0 15
Christine 2 0 0 13 0
Comstock 44 32 0 0 0
*Structure count includes ALL residential structures within county, including those within communities and
buffer areas.
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.2.4 ENVIRONMENTAL CONSIDERATIONS

Another way to compare the alternatives is to estimate the environmental impact of each alternative as
compared to the FRP. The scope of work for this task did not extend to preparing an extended analysis of
environmental impacts, so a detailed comparison of these impacts cannot be performed. However,
several simplified factors identified during the June 19, 2012 VE-13 workshop, August 2, 2012 LSLCTT
meeting, and August 15-16, 2012 Integration workshop were estimated to roughly compare the scalar
change in environmental impacts for southern alignment alternatives:

e Wetland Impact: Wetlands were not field or photo-delineated in this phase of work. Actual field
delineation of wetlands is preferred to estimate wetland impacts. However, given similar land
use, constructed project footprint area can be used as a rough proxy. In general, a project with a
larger footprint has a greater chance to impact wetlands.

e River miles impacted: Hydraulic closure structures resulted in the abandonment of some river
channel, resulting in riparian habitat impacts. Due to the configuration of each alternative, some
impacted more river channel than others.

Table I-8 summarizes these factors.

Table I-8 Environmental Consideration Assessment Factors for Southern Alignment Alternatives

Alternative Proiec&g?tprint Length of r(:_vFe)r impacted
FRP 1,300 8,600
VE13A 951 6,600
VE13C 904 7,000
NWRR 928 6,200
NWRR+OXBOW Levee 1,013 6,200
OXBOW 1,787 8,600

[.2.5 PROPERTY IMPACTS — NUMBER OF ACRES

The estimated number of acres impacted varies between the alternatives and is defined as acres that are
located under the footprint of the project and would require purchase or are within the defined staging
area and would require purchase or flowage easements. The total number of acres impacted is presented

in Table 1-9. The impacted area within the staging area is categorized based on the estimated depth of
inundation.

While the FRP impacts more acres than either VE-13 option, the three alternatives vary by less than 15%.
It should be noted that FRP acreage totals have been taken from the April 2011 report which was based
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on an earlier version of the unsteady HEC-RAS model that contained less detail in the upstream portion of
the staging area.

The estimated impacted areas for each county are presented in Table I-10.

Table I-9 Property Impact, Number of Acres

Includes Permanent and Temporary Easements (Number of Acres)

Station
1514+00 to Upstream of Upstream Upstream
Alternative Sheyenne Station Storage Area | Storage Area Total

Hydraulic 1514+00* - 3" or More -Less Than 3'

Structure
FRP 167 5,268 21,384 13,456 40,275
VE13A 184 767 25,335 11,615 37,901
VE13C 121 783 27,102 7,614 35,620
OXBOW 167 5,755 18,971 11,983 36,876
NWRR 121 807 28,440 8,607 37,975
NWRR+OXBOW 121 807 28,235 8,264 37,427
Levee
*Includes SA1 where applicable

Table I-10 Acres of Land Impacted
Location FRP VE13A VE13C OXBOW NWRR
Richland County 2,399 1,419 149 9,500 0
Wilkin County 3,826 1,685 30 4,549 0
Cass County 20,998 19,023 21,644 19,170 21,669
Clay County 13,052 15,774 13,787 3,657 16,306
1.2.6 FLOODPLAIN CONSIDERATIONS

In assessment of alignment alternatives, consideration should be given for the area removed from the
floodplain. Executive Order 11988 provides guidance related to development in floodplains. Part of this
guidance is that, in the case that impact to the base floodplain (1-percent chance floodplain) is
unavoidable, it is preferable to minimize the amount of area removed from the base floodplain. Because
of the nature and location of the project, impacts to the floodplain are unavoidable. Additionally, large
portions of the area south of Fargo and Moorhead are in the base floodplain based on mapping
performed for the FR/FEIS and this study. For the purposes of this assessment, an alternative with less
area removed from the 1-percent chance floodplain is superior to an alternative with more area removed.
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Table I-11 presents the number of acres removed from the base floodplain using the FRP as the basis for
comparison.

Table I-11 Impacts to 1-Percent Chance Existing Conditions Floodplain

Floodplain Removed for Entire

Alternative Project (acres)
FRP 62,858
VE13A 63,618
VE13C 56,729
NWRR 51,609
NWRR+OXBOW Levee 51,885
OXBOW 67,195

[.2.7 TRANSPORTATION SAFETY CONSIDERATIONS

A consistent set of simplified criteria was used for developing transportation feature modifications for the
alternatives considered as part of the PFSAA. The alternatives will require the construction of bridges at
major roadways and railroads along the diversion channel. The bridge design criteria utilized for this
analysis is the same as for the Phase 4 technical reports prepared in support of the FR/FEIS. The FRP
includes 5 highway bridges upstream from the Sheyenne River aqueduct. Alternative VE13A includes

5 highway bridges; alternative VE13C includes 4 highway bridges; the OXBOW alternative includes

6 highway bridges; and the NWRR alternative includes 3 highway bridges.

The upstream staging area will cause impacts to transportation routes upstream from the diversion
channel and embankments for the alternatives considered during project operation. These impacts vary
from inundation during project operation to increased water levels adjacent to the road grades without
overtopping. It should be noted that several of these transportation routes are impacted and in many
cases inundated by floodwaters during existing conditions.

Major transportation routes that will be impacted and proposed mitigation measures vary by alternative
and are summarized below:

FRP: For the FRP, Interstate 29, U.S. Highway 75, and the BNSF railroad grade (Moorhead
Subdivision) will be raised so the edge of driving lanes are above the 1-percent chance elevation. The
Cass County Highway 18 overpass on 1-29 will also be re-constructed as part of the Interstate 29 grade
raise. Cass County Highways 16, 18, 21, 25, and 81; Clay County Highways 2, 50, 51, 58, and 59; and
several township roads will be impacted when the diversion is operating during large flood events.

VE13A: For VE13A, Interstate 29, U.S. Highway 75, and the BNSF railroad grade (Moorhead
Subdivision) will be raised so the edge of driving lanes are above the 1-percent chance elevation. The
Cass County Highway 16 and 18 overpasses and Wild Rice River bridges on I-29 will also be re-constructed
as part of the Interstate 29 grade raise. Cass County Highways 18, 25, and 81; Clay County Highways 2,
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50, 51, 58, 59, and 60; and several township roads will be impacted when the diversion is operating during
large flood events.

VE13C: For VE13C, Interstate 29, U.S. Highway 75, and the BNSF railroad grade (Moorhead
Subdivision) will be raised so the edge of driving lanes are above the 1-percent chance elevation. The
Cass County Highway 16 and 18 overpasses and Wild Rice River bridges on [-29 will also be re-constructed
as part of the Interstate 29 grade raise. Cass County Highways 16, 18, 21, 25, and 81; Clay County
Highways 2, 7, 58, 59, and 60; and several township roads will be impacted when the diversion is
operating during large flood events.

NWRR: For NWRR, Interstate 29, U.S. Highway 75, and the BNSF railroad grade (Moorhead
Subdivision) will be raised so the edge of driving lanes are above the 1-percent chance elevation. The
Cass County Highway 16 overpass and Wild Rice River bridges on I-29 will also be re-constructed as part of
the Interstate 29 grade raise. Cass County Highways 14, 16, 18, 21, 25, and 81; Clay County Highways 2, 7,
8, 58, 59; 60; 64; and 65; and several township roads will be impacted when the diversion is operating
during large flood events.

OXBOW: For OXBOW, Interstate 29, U.S. Highway 75, and the BNSF railroad grade (Moorhead
Subdivision) will be raised so the edge of driving lanes are above the 1-percent chance elevation. ND
Highway 46; Cass County Highways 16, 18, 21, 25, and 81; Clay County Highways 50 and 190; and several
township roads will be impacted when the diversion is operating during large flood events.

The safety of the traveling public was the primary consideration when comparing alternative relative to
the FRP. The factors included in this comparison are the number of bridges that cross the diversion
channel and the length of grade raise in the upstream staging area. Drivers lack escape routes when
crossing bridges and traveling in areas with water adjacent to the roadway. This increases the potential
for accidents. Table I-12 provides a summary of transportation safety considerations for the base
alternatives.

Table I-12 Transportation Safety Considerations

Length of
Length of I-29 Length of U.S. | BNSF Railway Total Length
Number of Grade Raise Hwy 75 Grade Grade Raise of Grade Raise
Alternative Bridges (miles) Raise (miles) (miles) (miles)
FRP 5 3.86 3.00 3.00 9.9
VE13A 5 4.45 3.19 3.88 115
VE13C 4 5.93 3.74 0.95 10.6
NWRR 3 4.68 6.26 4.20 15.1
NWRR+Oxbow Levee 3 4.68 6.26 4.20 15.1
OXBOW 6 1.74 0.20 0.67 2.6
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.3 ASSESSMENT FACTOR SUMMARY

Combining the simplified assessment data discussed above from the seven selected assessment factor
categories into a single numerical analysis can be another tool to aid in characterizing value and
determining which alignment and features best meet project objectives and provide the greatest value,
compared to the FRP. The following comparative numerical analysis was customized for this exercise with
input from the Local Sponsors and USACE during the June 19, 2012 VE-13 Workshop, August 2, 2012
LSLCTT meeting, and the August 15-16 LSLCTT Integration Workshops. The scoring is intended to develop
relative ranking of alternatives (least to most favorable). The degree of differentiation in the point scoring
is not the intended use of the scores.

.3.1 ASSESSMENT FACTOR ANALYSIS INPUTS

The different assessment factor categories were originally weighted based on their perceived importance
using group consensus during the June 19, 2012 VE-13 workshop. This analysis was revisited again during
the August 15-16, 2012 LSLCTT Integration Workshop. Table I-13 presents the groups’ consensus from the
August 15-16, 2012 Integration Workshop in determining which assessment factor should carry more
weight in the analysis, compared to other assessment factors.

Table I-13 Factor Ranking Exercise to Determine Relative Weights of Assessment Factors

Assessment # of Floodplain Transpor-
Factor Relative | Implement- | Residential # of Consid- Environ- tation

Category Points Weight ability Structures Acres Risk erations mental Safety

Implement- ®

ability (1) 5 24% | | R | | |

# of Residential o

Structures (S) 4 = S R S S S

# of Acres (A) 15 7% R A E TIA

Risk (R) 6 29% R R R

Floodplain

Considerations 1 5% E F

(F)

Environmental ®

©®) 3 14% E

Transportation ®

Safety (T) 05 e

TOTAL 21 100%

The categories of the matrix were compared “head-to-head,” and the category determined to have a higher weight is listed
by its abbreviation (both are listed in case of a tie). The abbreviations are listed in the first column.
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Table I-14 presents a summary of the data and quantities presented throughout this Appendix | that were
used in the assessment factor analysis for the different alternatives. For the risk, number of residential
structures, environmental, implementability, and transportation safety categories, there are numerous
subcategories that were combined into a single function using relative weights determined by group
consensus at the August 15-16, 2012 LSLCTT Integration Workshop. The methodology for using a
harmonic mean and an arithmetic mean using equal weighting to combine these subcategories into a
single function was also presented at the August 15-16, 2012 LSLCTT Integration Workshop. The
implementability category and its subcategories are described in greater detail in Section 1.2.1. The
relative weights for each subcategory for a chosen base case are shown in Table I-14.

In an effort to simplify the comparison of the alternatives, a single normalized function comparing an
alternative to the FRP was created for each assessment factor. Table I-15 presents each function and
Table I-14 presents the function symbols. The quantity (e.g., length, area, height, etc.) of the alternative
was normalized by dividing by the quantity of the FRP. Therefore if the result from the function was equal
to 100%, then the alternative and FRP were viewed as equally favorable for that particular assessment
factor. If the result was greater than 100%, then the alternative produces a greater impact than the FRP
(e.g., the alternative impacts more residential structures, or has a potentially higher risk than the FRP) and
is viewed as less favorable than the FRP. Likewise, if the result was less than 100%, then the alternative
produces a smaller impact than the FRP (e.g., the alternative impacts fewer residential structures, or has
potentially lower risk than the FRP) and is viewed as more favorable than the FRP.

The functions comparing an alternative to the FRP for each assessment factor category were multiplied by
the relative weight presented in Table I-13 and then summed to obtain the assessment factor score. The
following relative scoring is observed (a lower score indicates a more favorable alternative):

e Arelative score of 100% indicates that the combination of the assessment factor function results

and the relative categorical weights for a certain alternative has a similar favorability as the FRP.
e Arelative score of greater than 100% indicates that the combination of the function results and
the relative categorical weights for a certain alternative is less favorable (greater impacts) than
the FRP.
e A relative score of less than 100% indicates that the combination of the function results and the
relative weights for a certain alternative is more favorable (lesser impacts) than the FRP.

A figure presenting the breakdown of the assessment factor score among the different categories is
presented in Table I-15.
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Table I-14 Comparison of Quantities for the Post-Feasibility Southern Alignment Alternatives for the Assessment Factor Categories
Note: Quantity Comparison is for PFSAA Base Alignments, upstream of Sta. 1514+00 near Sheyenne River.

) Subcategory | Subcategory | Subcategory
Alternative . . .
Relative Relative Relative
Assessment Factor Function NWRR + Weight - Base Weight - Weight -
Category Southern Alignment Quantity Symbol FRP VE13A VE13C NWRR OXBOW Levee OXBOW Case Sensitivity #1 | Sensitivity #2
Area of Embankment Face (sq-ft)(” Arv 1,607,700 1,133,800 1,269,800 1,470,500 1,720,500 1,937,500 50% 25% 40%
Head Differential at Red River Control H 38.0 38.5 36.2 336 336 40.4 559 559 0%
Structure for 1%-Chance Event (ft) RR-1% ’ ' ’ ' ’ ' ° ° °
Risk Reduction Number of Major Hydraulic Structures
Considerations Requiring Human Intervention for Hiis-Mai 3 3 3 2 2 3 21% 42% 33%
Flood Risk Reduction
Number of Minor Hydraulic Structures
Requiring Human Intervention for Hiis-Min 3 0 0 0 0 3 4% 8% 7%
Flood Risk Reduction
Implementability See Table I-5 I 2.9 2.5 2.7 3.8 3.4 3.9
Number of Residential Structures
| ted by C tructed Project
mpacted by Lonstructed rrojec Herpn 289 285 307 442 337 104 50% 80%
Footprint and Staging Area >= 1 foot
Number of Residential depth
Structures Number of Residential Structures
| ted by C tructed Project
mpacted Dy Lonstructed Frojec Herner 30 24 10 35 7 27 50% 20%
Footprint and Staging Area < 1 foot
depth
A fC tructed Project Footprint
_ rea orLonstructed Froject Footprin Ao 1,300 951 904 928 1,013 1,787 80%
Environmental (ac)
Considerations Length of Existing River Ripari
ength of Existing River Riparian Ly 8,600 6,600 7,000 6,200 6,200 8,600 20%
Habitat Impacted (If)
Number of Acres Impacted by
Number of Acres Constructed Project Footprint, H#ac 40,275 37,901 35,620 37,975 37,427 36,876
Easements and Staging Area
Area R df the Floodplai
. o réa Removed from the Floodplain Ar, 62,858 63,618 56,729 51,609 51,885 67,195
Floodplain Considerations |(acres)
Number of Bridges Impacted Hy 5 5 4 3 3 6 50%
Transportation Safety Leneth of Road d Railroad
ength ot foadway and Raiiroa Lex 9.9 11.5 10.6 15.1 15.1 2.6 50%
Grade raise (miles)

Notes:

™ Area of embankment face is the height of embankment (top of embankment to existing grade) multiplied by the length of embankment (as measured from Red River

to the Main Inlet Weir, including the embankment along CH17).
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Table I-15 Summary of Assessment Factors used to Compare Alternatives

Relative Assessment Factor Score Compared to FRP
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[.3.2 ASSESSMENT FACTOR ANALYSIS RESULTS

According to this analysis, with the chosen functions and relative weights, the VE13A and VE13C
alternatives are the most favorable (lesser impacts) compared to the FRP and other investigated
alternatives with scores of 87% and 88%, respectively. The North of Wild Rice including a levee for the
City of Oxbow has a more favorable (lesser impacts) rating than the FRP, but somewhat greater impact
than the VE-13 alternatives. The Oxbow and North of Wild Rice alternatives are less favorable (higher
impacts) than the FRP. It is important to understand that possible scores for the categories and
subcategories presented here could only range from about 70% to 130%.

This analysis is a simplified general means for comparison and should not be considered a definitive and
final analysis for choosing one alternative over another. In a project as large as the FM Diversion there
may be additional objective factors which were not accounted for in this analysis (e.g., the total number
of gates and how that affects risk). Although a wide range of objective factors were included, it is difficult
to determine what the relative importance of each factor is and how the factors should be calculated due
to their relationship and interdependency. Other important factors are difficult to quantify, such as the
resilience of an alternative to different floods, and were therefore not able to be incorporated in the
analysis. There are additional subjective factors, such as public opinion, that were not captured for use in
this analysis but can play an important role in choosing a viable alternative. The relative weights were
chosen during the August 15-16, 2012 LSLCTT Integration Workshop using group consensus and have not
been justified using a detailed sensitivity analysis. Choosing a different allocation of relative weights
could show a different alternative being the alternative with the least impact, or shift the degree of
separation in alternative scoring.

[.3.3 SENSITIVITY TO SUBCATEGORY FACTOR WEIGHTS

It was decided during the August 15-16, 2012 LSLCTT Integration Workshop to conduct a number of
sensitivity analyses on the relative weights of the subcategories for the risk and number of residential
structures assessment factors to determine if changes in these values made large differences in the
assessment factor score.

As presented in Table I-14 for the base case for risk assessment factor, the relative weights were chosen
as 50% for area of embankment face, 25% for head differential at the RRN Control Structure for the 1%-
Chance event, 21% for number of major hydraulic structures requiring human intervention and 4% for
minor hydraulic structures requiring human intervention. For sensitivity case #1, the relative weights
were chosen as 25% for area of embankment face, 25% for head differential at the RRN Control Structure
for the 1%-Chance event, 42% for number of major hydraulic structures requiring human intervention and
8% for minor hydraulic structures requiring human intervention. For sensitivity case #2, the relative
weights were chosen as 40% for area of embankment face, 20% for head differential at the RRN Control
Structure for the 1%-Chance event, 33% for number of major hydraulic structures requiring human
intervention and 7% for minor hydraulic structures requiring human intervention. The results for the risk
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sensitivity analysis are presented in Table I-16. Although there are some minor differences between the
base case, sensitivity case #1 and sensitivity case #2, overall the results are similar with VE13A and VE13C
being the most favorable alternatives.

As presented in Table I-14 for the base case for number of residential structures assessment factor, the
relative weights were chosen as 50% for the number of residential structures impacted by constructed
project footprint and staging area with a 1-foot or greater depth inundation, and 50% for the number of
residential structures impacted by constructed project footprint and staging area with less than a 1-foot
depth inundation (i.e., equal weighting for all residential structures, no matter the depth of inundation).
For sensitivity case #1, the relative weights were chosen as 80% for 1-foot or greater depth and 20% for
less than 1-foot inundation depth. The results for the number of structures sensitivity analysis are shown
in Table I-17. Although there are some minor differences between the base case and sensitivity case #1,
overall the results are similar with VE13A and VE13C being the most favorable alternatives.

.3.4 COST AND ASSESSMENT FACTOR COMPARISON

While cost alone should not be a primary comparison of alternatives, it is obviously a significant factor
and should be used alongside the results from the assessment factor analysis. The alternative costs
(southern alignment Lands and Damages plus Construction Cost only, with no “bundled enhancements”)
are presented in Table I-18.

Table I-18 Base Cost Comparison for Southern Alignment Alternatives

Alternative Base Cost ($) Compared to FRP ($)
FRP 593M N/A

VE13A 525M 68M Less

VE13C 532M 61M Less

NWRR 564M 29M Less

OXBOW 592M 1M Less

The Post-Feasibility Southern Alignment Alternatives presented in Table I-19 are “bundles” of PFSAA
alignment and PFSAA features, with the additional enhancement of project features identified during the
August 2, 2012 Local Sponsor Local Consultant Technical Team (LSLCTT) meeting in Fargo.
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Table I-16 Summary of Assessment Factors used to Compare Alternatives - Risk Sensitivity Analysis

Base Case - RWp gy = 50%, RW,y gg.1% = 25%, RWyyis.aj = 21%, RWyyis min = 4% Relative Assessment Factor Score Compared to FRP
Function Comparing Alternatives to FRP Function Comparing Alternative to FRP Relative A Factor Score Compared to FRP Risk Sensitivity Base Case
Relative Bl Bl a RW, ;,, = 50%, RW = 25%, RW, =21%, RW, = 4%
= 0, = (J P = 0, in — 470
Function Weight OXBOW OXBOW & AEM 7 T UVH-RR-% 7 TUHIS-Maj 7 T HIS-Min
A 1t Factor Category (see Table I-14) (RW) FRP VE13A VE13C NWRR Levee OXBOW FRP VE13A | VE13C | NWRR | Levee | OXBOW | 8120% -
e} 0,
) Sszw{Rw“ Aprsan RV, Hygssenn R, Hrusaraian RW . #ulstAh] o 107% 104% Transportation Safety
Risk Aesirer * Huwwe v “Hussirnr “Huussinrre) 29% 100% 81% 84% 82% 89% 112% 29% 23% 24% 23% 26% 32% 2 100% 100% 3% o Tu
g 7% &"
S, =RW, x L S ﬂ 87% 88% 7% H Floodplain
Implementability e 24% 100% 88% 93% 133% 119% 137% 24% 21% 22% 32% 28% 33% © 7% %% 7% Considorations
Number of Residential S _RW *[ RW, 0 1 HRW B J E 80% - + 6%
Structures S\ RW s e R s e, 19% 100% 97% 99% 150% 108% 41% 19% 18% 19% 28% 21% 8% e z Number of Acres
Avrai L ]
i e S < 60% | B Envi !
Environmental A L 14% 100% 74% 2% 2% 77% 130% 14% 11% 10% 10% 11% 19% I 60% nvironmenta
S, =RW, *M g
Number of Acres # e rrr 7% 100% 94% 88% 94% 93% 92% 7% 7% 6% 7% 7% 7% 5 = Number of
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S, = Rw, xAnca “
Floodplain Considerations Ari-rre 5% 100% 101% 90% 82% 83% 107% 5% 5% 4% 4% 4% 5% E = Implementability
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) s, = RWT,{ rw, o, gy, LQH,,] o 20%
Transportation Safety "y e " Lon_wr 2% 100% 108% 94% 107% 107% 73% 2% 3% 2% 3% 3% 2% o« H Risk
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Table I-17 Summary of Assessment Factors used to Compare Alternatives - Number of Residential Structures Sensitivity Analysis
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The bundles consist of one of the five southern alignment alternatives as a base, which are then
supplemented with a set of potential enhancements as follows:

e Bundle 1 consists of the PFSAA base alignment VE13A, with the addition of Lands and Damages
and construction features and elimination of fish passage systems at the RRN and WRR control
structures for Increased Flows Through Town (associated w/ 35’ flood stage), addition of
Operable Gates on the Diversion Inlet.

e Bundle 2 consists of the PFSAA base alignment VE13C, with the addition of Lands and Damages
and construction features and elimination of fish passage systems at the RRN and WRR control
structures for Increased Flows Through Town (associated w/ 35’ flood stage), addition of
Operable Gates on the Diversion Inlet.

e  Bundle 3 consists of the PFSAA base alignhment NWRR, with the addition of Lands and Damages
and construction features and elimination of fish passage systems at the RRN control structures
for Increased Flows Through Town (associated w/ 35’ flood stage), addition of Operable Gates on
the Diversion Inlet. This bundle also includes property acquisition and construction of a Ring
Levee around the communities of Oxbow, Hickson, and Bakke and associated changes to Lands
and Damages.

e  Bundle 4 consists of the FRP alignment, with the addition of Lands and Damages and
construction features and elimination of fish passage systems at the RRN control structures for
Increased Flows Through Town (associated w/ 35’ flood stage), addition of Operable Gates on the
Diversion Inlet.

e  Bundle 5 consists of the PFSAA base alignment NWRR, with the addition of Lands and Damages
and construction features and elimination of fish passage systems at the RRN control structures
for Increased Flows Through Town (associated w/ 35’ flood stage), addition of Operable Gates on
the Diversion Inlet.

e During the August 2, 2012 LSLCTT meeting, HMG was directed not to bundle infrastructure
enhancements for the South of Oxbow alternative. However for consistency for the comparison
to the FRP, a bundled cost has been estimated and is shown as Bundle 6.

The estimated cost within bundles for “flow through town” cost is the same. For additional information,
see HMG report entitled Final Technical Memorandum AWD-00002 — Flows Through Flood Damage
Reduction Area, Dated July 16, 2012. The estimated fish passage cost within bundles varies because the
extents and cost of each fish passage system is unique to each structure and alternative.

A breakdown of the estimated cost of these enhancements and their contribution to the costs presented
in Table 1-18 are presented below in Table I-19:
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Table I-19 Cost Comparison for Southern Alignment Alternatives with Enhancements

Bundle 1 Bundle 2 Bundle 3 Bundle 4 Bundle 5 Bundle 6
Alternative ($) ($) ($) ($) $) $)
PFSAA BASE FEATURES
FRP'® 593M
VE13A® 525M
VE13C® 532M
NWRR® 564M 564M
OXBOW!' ® 592M
Subtotal 1: PFSAA Base *° 525M 532M 564M 593M 564M 592M
PFSAA ENHANCEMENTS
Increase Flows Through
Town (35’ Flood Stage, 29M 29M 29M 29M 29M 29M
Add’l Levees)®
Increase Flows Through
Town (Eliminate Fish
Passage Systems at WRR () 14M () oM ()™ (-) 13M )™ () 14M
and RRN)®
Modify Diversion Inlet to
Include Operable Gates ® 21M 2M 21M 21M 21M 2M
Lands and Damages
Reduction for Oxbow (-) 31M
Ring Levee*
Oxbow Ring Levee’ 38M
Subtotal 2: PFSAA 36M 41M 50M 37M 43M 36M
Enhancements
Subtotal 1 + Subtotal 2
(us of Sta. 1514+00): 26 561M 573M 614M 630M 607M 628M
Change in PED and CM for
PFSAA Enhancements oM 10M 13M oM 10M oM
FRP Balance
(d/s of Sta. 1514+00) 6 1,115M 1,114M 1,111M 1,128M 1,111M 1,136M
1,685M 1,697M 1,738M 1,767M 1,728M 1,773M
TOTAL °
VE13A w/ VE13C w/ NWRR w/ FRP w/ NWRR w/ OXBOW w/
Bundle 1 Bundle 2 Bundle 3 Bundle 4 Bundle 5 Bundle 6

"Includes SA1 where applicable.

?Subtotal is for features east (upstream) of Sta. 1514+00 only (Southern Alignment Alternatives Base Cost).

* Estimated Cost by Houston Engineering dated 8/10/2012, includes Lands and Damages, contingency and PED.

*Estimated Cost by Moore Engineering dated 8/10/2012; includes Lands and Damages, contingency.

> Estimated Cost by USACE, Moore Engineering, Houston Engineering and Barr Engineering.

® Costs include contingency and PED. Costs do not include Escalation, O&M.

7 Estimated Cost by Moore Engineering dated 8/10/2012; includes Lands and Damages, contingency and PED.
8 During the August 2, 2012 workshop, HMG was directed not to bundle infrastructure enhancements for the South of Oxbow
alternative. However for consistency for the comparison to the FRP, a bundled cost has been estimated and is shown.
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For a breakdown of the Base Cost, see Exhibit H2.
The benefit to cost ratio was not addressed or recalculated for any alternative.

Capital costs are one way to compare project costs, but long-term operation and maintenance (O&M) is
another consideration. The southern alignment alternative changes and the associated proportion of
0O&M may not impact the project-wide O&M cost significantly. In general, more O&M will be associated
with:

e More frequent use

e Longer and taller embankment reaches

e  Additional hydraulic structures

e Additional active hydraulic structures (structures with gates and moving parts such as the RRN
and WRR closures, operable gated Diversion Inlet weir) as opposed to passive structures
(Diversion Inlet fixed weir, Rush River or Lower Rush River Drop structures)

e larger project foot print area

Based on these factors, the following qualitative observations of O&M costs can be made:

e VE13A: The length of southern alignment embankment is 18% shorter than the FRP. There are
three (3) fewer active hydraulic structures in this alternative (Wolverton and two (2) SA1
drainage control structures). The project foot print area is smaller than the FRP. Based on these
factors, this alternative should be expected to have a lower O&M cost than the FRP.

e VEI13C: The length of southern alignment embankment is 21% shorter than the FRP. There are
three (3) fewer active hydraulic structures in this alternative (Wolverton and two (2) SA1
drainage control structures). The project foot print area is smaller than the FRP. Based on these
factors, this alternative should be expected to have a lower O&M cost than the FRP.

o NWRR: The length of southern alignhment embankment is 15% shorter than the FRP. There are
four (4) fewer active hydraulic structures in this alternative (Wolverton, WRR and two (2) SA1
drainage control structures). The project foot print area is smaller than the FRP. Based on these
factors, this alternative should be expected to have a lower O&M cost than the FRP. This
alternative will likely have a lower O&M than FRP, VE13A and VE13C due to the removal of the
WRR structure.

e  South of Oxbow: The length of southern alignment embankment is significantly (53%) longer
than the FRP. There are the same number of hydraulic structures in this alternative as the FRP.
However, some of them are larger. The project foot print area is larger than the FRP. Based on
these factors this alternative should be expected to have higher O&M costs than the FRP. This
alternative would likely have the highest O&M cost.

Comparing the assessment factor score against the cost can assist in deciding which PFSAA alternative
best meets project objectives and provides the greatest value and is presented in Table 1-20.
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Table I-20 Assessment Factor Score and Cost Comparison for Southern Alignment Alternatives

Assessment PFSAA Base
Factor Score Cost Upstream
of the
(Lower Score Sheyenne
Indicates a River Total Cost with
More (Sta. 1514+00) Bundles
Favorable with Bundles
Alternative Alternative) ($) $)
FRP 100% 630M 1,767M
VE13A 87% 561M 1,685M
VE13C 88% 573M 1,697M
North of Wild Rice River (NWRR) 107% 607M 1,728M
North of Wild Rice River (NWRR) + 98% 614M 1,738M
Levee at Oxbow
South of Oxbow (OXBOW) 104% 628M @ 1,773m @

(1) During the August 2, 2012 LSLCTT meeting, HMG was directed not to bundle infrastructure enhancements for
the South of Oxbow alternative. However for consistency for the comparison to the FRP, a bundled cost has
been estimated and is shown.

VE13A has the lowest assessment factor score and the lowest cost. However, the difference between the
scores for VE13A and VE13C is only on the order of one-percent, essentially equal given the subjective
nature of the analysis. The difference in costs is only 12 million dollars (or less than one-percent of the
total project cost). Therefore, decision makers will need to take into account many factors, both objective
and subjective to choose the best option.

[.3.5 OTHER CONSIDERATIONS FOR ANALYSIS

Estimated costs, assumptions, assessment factor characterization and assessment factor ranking is based
on the feasibility design of the Project as defined at the time of this assessment As more information is
collected and analyzed about the region, site conditions and regulatory requirements, the costs and
assessment factor analysis could change and alternative ranking could change. For example, the
hydrology for the region is currently in the process of being reanalyzed. It is expected that the Probable
Maximum Flood water surface elevations may decrease and the height of embankments, especially for
the NWRR option, may decrease.
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APPENDIX J — CONSIDERATIONS FOR FUTURE DESIGN
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J.L1 CONSIDERATIONS FOR FUTURE DESIGN

Appendix J presents items and ideas that should be considered as the project moves forward towards
final design.

e  Geotechnical Considerations:

1. The stability analysis presented in Appendix E may not apply to the CSAH17 or RRN-MN
embankments. More detailed site specific information will be required for analyzing
this offset for all embankment segments in future design efforts.

2. Stratigraphy in the area should be determined by a drilling investigation for an accurate
stability analysis.

e Pile Capacity Considerations:

1. Further evaluation of drained strength parameters, especially the till layer, should be
evaluated prior to final design.

2. The use of the drained pile capacities and their use should be evaluated based on pile
load tests and behavior of the soils.

3. The effect of groundwater and flow direction in the foundation soils and pile capacities
should be evaluated.

4. Alternative pile types and sizes should be evaluated (for example; driven pile and drilled
shafts)

®  Micro-Siting Considerations:

1. All property ownership should be reviewed during future phases of work to ensure
deed-restricted properties are avoided.

2. The sites of structures that incorporate fish passage may have to be altered slightly to
accommodate the final configuration of those features.

3. Site locations may need to be modified to accommodate the incorporation of
recreational features in final design.

4. Site locations may need to be altered pending the gathering of design data related to
geotechnical parameters, and presence of local groundwater features that my impact
structure stability.

5. Physical modeling of each of these structures, which may dictate a better location or
orientation with respect to channel flow, is needed to obtain the desired performance.

e  (Civil Site Design Considerations:

1. Due to the critical nature of this project and the unstable soil conditions present in the
region, the design should include a full detailed review of the protective embankment to
see if shallower side slopes and a wider top section are warranted.

2. Filling and full abandonment of all unused river channels is recommended to reduce risk
of embankment failure in these areas.

3. Detailed design must address the issue of scour at hydraulic structures.

A detailed review of ground water needs to be included in the final design to ensure
that slope stability is not compromised due to local groundwater flow patterns.

]
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5. Due to the critical nature, paved access roads may be required.

Site designs may need to be redesigned based on recreational features to be
incorporated in final design.

7. Civil site works may need to be modified to include public are or other visual
enhancements.

8. Fish passage access should be included.

9. Maintenance access to the areas upstream and downstream of all structures should be
provided in final design.

10. Detailed design must address issues and requirements related to the Levee System
Evaluation for the National Flood Insurance Program.

11. Permanent and temporary real estate acquisitions and easements will be revised during
detailed design.

12. Detailed bathymetric data should be collected where work will occur at existing
channels. Bathymetric data used for the PFSAA is based on data obtained for the
hydraulics model. For additional information, please refer to Table B1 of Section B4.0 of
April 2011 Consultant Deliverable to USACE, Appendix B — Hydraulics. For example,
channel bathymetry for the Red River of the North reach from River Mile 440.0 to 470.2
was based on RRN soundings that were obtained for Phase 1 of the feasibility study. For
areas outside the reach defined above, the channel bathymetry was based on the cross
sections from existing HEC-RAS and HEC-2 models.

e  Cost Estimate Considerations:

1. Recommendations for future refinement to the methodology and assumptions used for
the April 2011 Total Project Cost Summary (LPP/FRP) work through July 31, 2012 are
presented for consideration.

2. Comments received during Agency Technical Review included valuable
recommendations related to cost estimate assumptions, but such comments have not
been fully addressed as part of this evaluation. Future cost estimate efforts should
reference these comments when evaluating future cost estimate assumptions.

3. Cost estimates presented in the FRP TPCS do not incorporate any construction schedule
and critical path work performed since April of 2011. Future cost estimating efforts
should incorporate the recommendations and assumptions developed during any
ongoing or future work related to defining construction schedules, phasing and critical
path work sequencing. It is highly recommended that cost estimates for this individual
portion of the project, always be evaluated in consideration of construction phases that
are located adjacent, upstream, or downstream of the work area. Estimated costs
associated with temporary facilities, redirecting or diverting channel flows, and reducing
risk associated with seasonal flooding at construction sites should be considered as part
of this future effort.

4. Direct Cost Assumptions (Construction Costs): Future estimate efforts should obtain
updated cost quotes for materials as needed to estimate material costs with less
uncertainty. This is of particular importance the further out the construction start date
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is anticipated. Likewise, future changes to wage rates, equipment rates and fuel costs
should be considered for all future cost estimating efforts.

5. Direct Cost Assumptions (Construction Costs): Revisions of the fuel costs are
recommended in detailed design to use more current data such as that from the US
Energy Information Administration. Construction of the proposed project will take
several years, a period over which fuel costs may fluctuate.

6. Direct Cost Assumptions (Construction Costs): Agency Technical Review (ATR) comments
received during development of the FRP TPCS should be reviewed and taken into
consideration in future development of Mll cost model assumptions related to crew
productivities, unit costs, etc.

7. Indirect Cost Assumptions (Contractor Costs): Contractor assumptions and markups for
Job-Office Overhead (JOOH), Home Office Overhead (HOOH),
Mobilization/Demobilization, Profit and Bonding should be revisited for each individual
proposed phase of the project. If contracting scenarios and markups differing from
what was assumed in the SDEIS MII cost model are considered likely, then it is
recommended that these assumptions be revisited and estimated unit costs be
recalculated. Consideration should be given to contract size and acquisition strategy for
setting appropriate markups and contractor relationships. For example, if smaller
phases of the project will be bid and constructed, reconsideration of the Prime Broker
Contractor with Subcontractors (double contractor markups) is necessary. Perhaps
single-contractor scenarios should be considered for smaller phases if that is what is
anticipated during bidding and construction. It is recommended that future contracting
assumptions be evaluated by benchmarking project costs and unit costs against similar
reference project costs

8. 02 Utility Relocations: A detailed review of on-site utilities and relocation needs should
be performed during future cost estimating efforts.

9. 06 Fish and Wildlife Facilities: Future cost estimate efforts should more clearly identify
mitigation and costs related to impacts due to realignment of embankments and revised
siting of hydraulic structures. As project features are optimized, impacts will be
assessed and mitigated for.

10. 09 Channels and Canals: Future cost estimate efforts should incorporate the most
updated version of the low flow channel design for grading, erosion control, site
restoration, etc.

11. 09 Channels and Canals: Future cost estimates must consider adaptive management
strategies that may be developed for the inspection and monitoring of the low flow
channel. This should be considered in Operations and Maintenance costs as well.

12. 09 Channels and Canals: Future cost estimating efforts should investigate the
applicability of excavating and working on Brenna clays during winter months when the
ground is frozen and assess its potential benefits in terms of schedule and cost (if any).

13. 09 Channels and Canals: Estimated costs associated with Site Restoration and
Vegetation Establishment and Maintenance costs should consider assumptions
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developed as part of any future Adaptive Management strategies developed for the
downstream reaches of the diversion channel and the low flow channel. In addition,
consideration must be given to the impact of seasonal flooding and flows from
upstream connected catchments on the establishment of permanent vegetation.

14. 09 Channels and Canals: Cost estimates assume one access road (12’ width, one-way,
aggregate surfaced) along one side of the diversion channel. Quantities and costs
related to this facility may be conservative and may allow for some access roads on both
sides of the channel if they are constructed with a less robust cross section (such as an
aggregate surfacing of lesser thickness). Future cost estimating efforts should evaluate
if the budget related to aggregate access roads alongside the diversion channel is
appropriate. Consideration should be given to using the aggregate budget for access
roads along both sides of the channel, but in consideration of the amount of operations
and maintenance that may be required if a less robust access road cross section is
constructed initially.

15. 09 Channels and Canals: Previous estimates included allowances for the restoration of
aggregate-surfaced roadways and bituminous-surfaced roadways that may be damaged
as a result of the work. Future cost estimate efforts could refine these assumptions for
the individual reach/structure/site under consideration.

16. 09 Channels and Canals: Future cost estimate efforts could refine the assumptions for
lump sum items (site preparation and traffic control, erosion and sedimentation control
measures, control of water and dewatering, and other miscellaneous features such as
dust control, snow removal during construction, monuments and markers, etc.) for the
individual reach/structure/site under consideration.

17. 09 Channels and Canals: Additional design refinement, physical modeling and velocity
modeling may identify locations of high localized velocities that could require more
robust protection and scour protection, such as additional riprap, concrete sills or
baffling.

18. 09 Channels and Canals: Future construction phasing and critical path work should
consider the seasonality of work. Some earthwork could be conducted during late fall,
early spring and some winter periods. Work related to the low flow channel and riprap
installation could be performed when the ground is frozen to take advantage of
enhanced traffic on softer soils (for example, on areas of Brenna clay). Future
construction phasing work should consider this possibility.

19. 09 Channels and Canals: Cost estimates include allowances for the restoration of
aggregate-surfaced roadways and bituminous-surfaced roadways that may be damaged
as a result of the work. Future cost estimate efforts could refine these assumptions for
each specific reach/structure/site under consideration.

20. 09 Channels and Canals: Cost estimates include allowances for site preparation and
traffic control, erosion and sedimentation control measures, control of water and
dewatering, electrical utilities, temporary flood risk reduction embankment for the
construction site, signage, fencing, safety features, Supervisory Control and Data
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Acquisition (SCADA), and other miscellaneous features. These features appear as single
lump sum (L.S.) allowances in the Ml estimates. Future cost estimate efforts could
refine these assumptions for the individual reach/structure/site under consideration.

21. 11 Levees and Floodwalls: Feasibility cost estimates assumed the embankment cross
sections provided by USACE in the March 2012 white paper entitled “FMM-Estimated
Costs for Dam vs. Levee Design.” The PFSAA estimates assume a 50 foot offset from top
of connecting channel excavation to toe of embankment, based on preliminary
geotechnical analysis. Future cost estimate efforts should evaluate this assumption with
geotechnical analysis and incorporation of any pending development of design criteria
for the embankments. The size of the embankments, the geotechnical offset from
excavations and the additional right-of-way required for this corridor all contribute to
the estimated cost.

22. 11 Levees and Floodwalls: The assumption of obtaining borrow for RRN-MN
embankment from excavations in ND was used in the PFSAA to make for consistent
comparison to the FRP. Future cost estimating efforts should investigate the earthwork
balance upstream of the Sheyenne River, and optimize borrow sources are located for
County Road 17 embankment and RRN-MN embankment. One option to consider is a
borrow trench alongside these embankments, which has not been assumed in feasibility
grading developed to date. Consider borrowing material for the RRN-MN embankment
in MN.

23. 11 Levees and Floodwalls: Future cost estimating efforts should revisit the equipment
allocations used in the levee embankment construction crews. The productivity
assumed for compaction crews may be conservative. Assumption related to hauling of
material may not be conservative enough. These revisions would offset each other to
some degree. These crews should be reformulated in future cost estimate efforts if
appropriate, and the net unit cost should be benchmarked against available USACE bid
tabulations for embankments, or similar.

24. The unit costs of levee embankments were revised between April 2011 and the PFSAA
to reflect an ATR comment provided by USACE. The productivity of the levee
compaction crews was increased from 120 BCY/HR to 200 BCY/HR and the resulting
levee unit costs were benchmarked against regional levee projects. This change was
applied to all tieback embankments in alternative alignments as well as the FRP for
consistent comparison. This revision should be carried forward when developing new
MII cost estimate files.

25. 11 Levees and Floodwalls: The offset required for the necessary geotechnical slope
stability factor of safety between embankments and borrow trenches should be
evaluated in greater detail during future cost estimating efforts. This parameter is
important as it is one of many factors determining right-of-way acquisition
requirements.
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26. 11 Recreation Facilities: Future cost estimating efforts should clarify site-specific
recreational facilities such as a boat ramp and recreational trails and coordinate cost
estimating efforts with the most current recreational planning efforts.

27. Uncertainty and Risk: The contingencies, cost estimates, documentation and discussion
provided in the feasibility cost estimates and in April 19, 2011 A/E deliverable to the
USACE are intended to provide background information for feasibility cost and schedule
risk assessment (CSRA) and analysis purposes by the USACE for contingency-
appropriation purposes, and to identify areas where additional design effort in future
stages of refinement could significantly reduce uncertainty of the project cost.
Unknowns and uncertainties have been identified that could affect project designs and
costs, and are not included in the project costs or contingencies provided with the cost
estimate. A detailed discussion of uncertainties and unknowns identified during
development of feasibility cost estimates is presented in the Phase 4 Appendix G of the
April 19, 2011 A/E deliverable to the USACE. The details presented in Appendix G of the
referenced report should be fully understood and considered prior to development of
future risk analysis on this project.
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