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Introduction
The Middle River Subwatershed is located in northwestern Minnesota and is one of three
subwatersheds that form the Middle-Snake-Tamarac Rivers Watershed District (MSTRWD).
The project location within the MSTRWD is displayed in Figure 1.
A Project Work Team has been created to identify potential alternatives to alleviate flood
impacts within the watershed, and remove the City of Newfolden from the 1% Annual Chance
Floodplain (100-year event). The Project Work Team has reviewed the primary alternatives that
were explored including modifications to the railroad structures in the Middle River East of U.S.
Highway 59, a levee around the city, a diversion channel, and also detention sites upstream and
downstream of Newfolden. A Concept Feasibility Study has been completed to analyze the
benefits of each alternative separately and in combination. This Alternatives Analysis Study
explores each alternative in greater detail and narrows the potential alternatives by refining
goals, incorporation of landowner input, and additional hydrologic modeling. For the purpose of
this study, all elevations discussed in this report are in North American Vertical Datum of 1988
(NAVD88).

Figure 1: Project Location
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Project Background
Middle-Snake-Tamarac Rivers Watershed District Goals
The MSTRWD goals are stated in their Ten Year Watershed Management Plan issued in May
2011. The goals set by the district are in place to give direction toward progress for each
subwatershed and also to evaluate problem areas. The goals of the district include flood
damage reduction, management of legal drainage systems, management of natural resources
and recreation areas, management and improvement of water quality, providing erosion and
sediment control, education, effective coordination with agencies, and collection and
management of data. Over time these goals will improve the safety and quality of life for the
residents of the district as well as improve and preserve the natural habitat.

Red River Basin Region Wide Goal Initiative
A 20 percent reduction goal in peak flows along the Red River of the North during a flood event
similar to the 1997 flood has been established by the Red River Basin Commission. The plan in
place specifies that each tributary along the Red River must strive to meet their individual
specific goals in reducing both peak flow and volume that have been set for them in the Red
River Basin Commission’s (RRBC) Long Term Flood Solutions (LTFS) Basin Wide Flood Flow
Reduction Strategy Report. The goals for the Middle River Subwatershed were determined to
be a 35% peak flow reduction and a 23% overall volume reduction at the USGS gage on the
Middle River at Argyle, MN (USGS Gage 05087500). This 35% peak flow reduction is
equivalent to 1,330 cubic feet per second (cfs) and the 23% volume reduction is equivalent to
storing 15,067 acre-feet of water. The MSTRWD has constructed several detention facilities
since 1997 and is continually looking for opportunities to contribute toward the overall flood
damage reduction goals and enhance the region. There are currently no detention facilities
within the Middle River Subwatershed. Figure 2 displays the hydrologic zones for the Middle
River Subwatershed.
In 2012, two HEC-HMS models of the MSTRWD major subwatersheds were developed for the
United States Army Corps of Engineers (USACE) as part of the Red River of the North BasinWide Modeling Approach Project. These models were modified further in 2014 as part of the
Middle-Snake-Tamarac Rivers Watershed District Expanded Distributed Detention Strategy.
The intent of this project was to identify areas within the subwatersheds where storage facilities
could potentially be constructed and have a significant impact on the overall reduction goals for
the watershed. The results of the project revealed that the Middle River subwatershed,
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especially near Newfolden, MN, is a strategic area for storage facilities and has the potential to
greatly reduce peak flows for the watershed.
The MSTRWD has identified four regional assessment locations in their Ten Year Watershed
Management Plan for the Middle River subwatershed. These locations assist in evaluating the
flood damage reduction and water quality goals set by the MSTRWD. Flood damage reduction
and water quality goals set by the MSTRWD. Each regional assessment location has been
assigned an approximate storage value by the MSTRWD. This value is the approximate storage
required upstream of each location to meet the flow and volume reduction goals set by the
RRBC. The four regional assessment locations within the Middle River subwatershed with their
individual storage goals are displayed in Figure 2.

Figure 2: Middle River Subwatershed Regional Assessment Locations
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Middle River Subwatershed Problem Areas
The Middle River subwatershed has a terrain that contains an extensive diversity in land cover
from east to west as well as change in elevation. The eastern portion of the watershed is
composed of grasslands and wooded areas with agricultural land scattered throughout. The
western portion is located in the Red River Valley where the landscape is significantly lower in
elevation and consists primarily of agricultural land. This significant change in topography
results in runoff flowing at a higher rate through the eastern half of the subwatershed and then
slowing as it reaches the Red River Valley in the west. With agriculture dominating the majority
of the landscape in the Red River Valley, water enters the drainage systems more rapidly and
when combined with the runoff from the east and the nearly flat topography, the water backs up
and causes flooding issues to the region. The topographic changes and land use diversity
throughout the subwatershed is displayed in Figure 3 and Figure 4.
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Figure 3: Middle River Subwatershed Topography

Figure 4: Middle River Subwatershed Land Use
hdrinc.com

213 LaBree Ave N, Suite 203, Thief River Falls, MN 56701-2022
(218) 681-6100
5

Middle-Snake-Tamarac Rivers Watershed District | Newfolden / Middle River Subwatershed FDR Project
Alternatives Analysis Study

Flooding of the Middle River is a concern along the system. The City of Newfolden is in the
process of being mapped in the 1% Annual Chance Floodplain and the City of Argyle would be
prone to flooding if it were not for the Middle River Flood Control Project that was completed by
the United States Army Corps of Engineers (USACE), which constructed levees around the city.
In the western reach of the subwatershed, at the confluence of the Middle River and Snake
River, the land is flooded for extended periods of time after large events and there is currently
detrimental bank erosion occurring. The high flows are causing erosion and sediment problems
within the Middle River, adjacent ditches, as well as damage to native vegetation. Local roads
throughout the subwatershed are overtopped in high water events including County Road 8
through Newfolden and in 1975 the bridge structure on County Road 28 was washed out. The
Minnesota Pollution Control Agency 2018 Draft Impaired Waters List has classified the Middle
River as impaired for dissolved oxygen, turbidity, fish bioassessments, and aquatic
macroinvertebrate bio-assessments. A map of the known problem areas within the Middle River
subwatershed is displayed in Figure 5.

Figure 5: Known Problem Areas within the Middle River Subwatershed
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The City of Newfolden
Until 2015, the Department of Homeland Security’s Federal Emergency Management Agency
(FEMA) had not completed a Flood Insurance Rate Map (FIRM) or a Flood Insurance Study
(FIS) for the City of Newfolden (City). FEMA has now released a preliminary FIRM and FIS for
the City and it has placed the eastern half of the City in the 1% Annual Chance Floodplain. Due
to the results of this study, the City of Newfolden is required to adopt a floodplain ordinance and
all residents with structures within the floodplain area that are enrolled with a federally secured
mortgage must obtain flood insurance. The preliminary FIRM as of October 20th, 2016 for the
City of Newfolden is displayed in Figure 6.

Figure 6: FEMA Preliminary Flood Insurance Rate Map of Newfolden, MN
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Summary of Problem Areas
Problem areas within the subwatershed are not localized to a specific region but are
widespread. In October of 1996, 21 residents of the Middle River subwatershed filed a petition
for the MSTRWD to construct a detention site on the Middle River to relieve flooding. The
MSTRWD does not currently have a flood control project in place within the Middle River
subwatershed but is exploring opportunities to enhance the region and alleviate flood and
environmental risks. Placement of a flood control project near the City of Newfolden would have
the dual benefit of flood damage reduction and protection for the City and its residents.

Project Work Team
The Project Work Team consists of local landowners, the MSTRWD, the City of Newfolden, and
several local, state, and federal agencies, including the Minnesota Pollution Control Agency
(MPCA), Minnesota Department of Natural Resources (MNDNR), the United States Army Corps
of Engineers (USACE), and the Minnesota Board of Water and Soil Resources (BWSR).

Purpose & Need
The purpose of the project is to remove the City of Newfolden from the 1% Annual (100 Year)
Floodplain a minimum of 1’ below the accepted Base Flood Elevation (BFE) set by FEMA. This
statement was formulated through the Project Work Team process and has been accepted by
the team. The preliminary Base Flood Elevation referenced for the alternatives is 1,098.1’. This
elevation is from the preliminary Flood Insurance Study dated October 20th, 2016. The minimum
1’ reduction is a factor of safety for future building that may occur within the floodplain and
potential increases to the BFE if remapping occurs.
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Railroad Structures Analysis at Newfolden
The existing Canadian Pacific railroad waterway structures, located within the Middle River east
of Highway 59 at Newfolden, MN, consists of two 96” corrugated metal pipes (CMP) and three
66” reinforced concrete pipes (RCP). An image of the downstream side of the railroad
structures is displayed in Figure 7.

Figure 7: Existing Railroad Crossing Structures

As described, one of the Project Team goals is to remove the City of Newfolden from the 1%
Annual Chance Floodplain. Based on the results of the MNDNR HEC-RAS model, the railroad
structures restrict the flow of the Middle River through town thus causing a backwater effect
which increases the probability of flooding to the eastern portion of Newfolden.

Hydraulic Model Development (Existing Conditions)
The MNDNR created a hydraulic model using HEC-RAS 4.1.0 to assist FEMA with the City of
Newfolden floodplain mapping initiative. HDR assisted in the modeling process by conducting a
survey of the hydraulic structures located within the extents of the model to provide updated
invert elevations and structure sizes. This model and the results were used as a starting point
for this analysis.
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HDR created a hydraulic model using HEC-RAS 5.0.1 by utilizing the model provided by the
MNDNR to model the existing and proposed conditions. This model was refined for specific
alternatives through the analysis process.
Middle River Cross Section Geometry
A HEC-RAS steady-state hydraulic model of the Middle River floodplain at Newfolden was
obtained from the MnDNR. This model contained cross sections that did not capture the full
extents of the floodplain. When this occurs, the water surface elevation (WSE) can rise to a
point where it is uncontained by the banks of the cross section and HEC-RAS then assumes
that the water rises vertically. To correct this, several cross section geometries were modified
such that the beginning and end of each were at bank elevations that would be higher than the
1% Annual Chance Floodplain elevation. The original and modified versions of the model are
displayed in Figures A-1 and A-2 in Appendix A.
Existing Structures
The existing structures were modeled as bridges and culverts with geometry that was obtained
from field surveys performed by HDR.
Hydrology & Unsteady Flow Data
The base HEC-RAS model obtained from the MnDNR was initially modeled as a steady flow
condition. The MnDNR model used flows from the U.S. Geological Survey (USGS) StreamStats
web application that provides estimated flows for waterways within the United States.
StreamStats uses regression equations based on basin characteristics and are specific for each
of the six regions defined in Minnesota. The flows from these equations contain some level of
standard error attributed to the broad generalizations of the basin characteristics for each of the
regions.
The HEC-RAS model was modified to run as an unsteady flow simulation in order to effectively
analyze the downstream effects produced by modifying the structures under the railroad. The
Middle River subwatershed HEC-HMS model was developed in 2012 for the USACE as part of
the Red River of the North Basin-Wide Modeling Approach project and was then modified in
2014 for the Middle-Snake-Tamarac Rivers Watershed Expanded Distributed Detention Study.
The runoff hydrographs used in the unsteady HEC-RAS model were obtained from the USACE
HEC-HMS model results. A hydrograph was input into the model at the most upstream location
within the Middle River as an initial flow hydrograph. The remaining hydrographs were placed
into the model where a ditch system discharges into the Middle River. The peak flows at each
flow change location were compared to the flows from the MnDNR model. It was determined
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that the peak flows produced by the HEC-HMS hydrographs were approximately 10% - 30%
lower than the peak flows found in the MnDNR model. The hydrographs were calibrated by
applying a multiplication factor throughout the hydrograph in order to increase the peak but
maintain the original hydrograph shape. The peak flows were increased such that the 100-year
water surface elevation (WSE) east of the railroad tracks within Newfolden for the unsteady flow
model were within 0.10’ of the steady flow model. These calibrations made the BFE of 1098.1’
the base point to compare the existing conditions and the proposed alternatives. A detailed
hydrologic analysis for the Middle River Subwatershed was not included for this level of study.

Red River Basin Flood Mitigation Strategies
The Red River Basin Flood Damage Reduction Work Group formed a Technical and Scientific
Advisory Committee (TSAC) to provide a series of technical papers which provide guidance to
flood damage reduction methods. Technical Paper 11 (TP 11) was designed to provide
guidance on where specific flood damage reduction methods can be placed within the basin to
achieve the greatest benefits locally and downstream.
TP 11 has divided the Red River Basin into three timing zones for flows entering the main stem
of the Red River of the North. These zones are the “Early Zone”, “Middle Zone”, and “Late
Zone” runoff areas. Each area has recommended potential flood damage reduction measures
that can be implemented to reduce flooding throughout the watershed. The Middle River
Subwatershed is located near the border of the “Middle Zone” and “Late Zone”. Table 1
provides a list of the flood reduction measure types, how they may be implemented within the
Middle River Subwatershed, and the effectiveness in meeting the project goal. These reduction
measures become important to consider for State Flood Damage Reduction and Red River
Watershed Management Board funding. In order to obtain the maximum funding from either of
these sources, it is beneficial to have a multi-purpose project that benefits the local and regional
subwatersheds.
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Table 1: Red River Basin Flood Damage Reduction Measures

Reduction Measure Types

Potential Applications
within Middle River
Subwatershed

Appropriateness / Ranking

Reduction of Flood Volumes

Conversion of upland areas to
alternate land use, creation of
wetlands, or cropland BMP’s to
reduce downstream runoff
volumes and rates

Likely or substantial positive
effects on downstream flooding

Increase Crossing Capacity

Increasing the flow capacity of
the existing railroad structure
within the Middle River or
construct a diversion of the
Middle River to reduce flood
damages within Newfolden

Negative impact to downstream
flooding

Protection / Avoidance

Evacuation of the floodplain or
flood proofing of structures

Negative impact to the City of
Newfolden & local economy

Temporary Flood Storage

Create Impoundments to reduce
downstream peak flow rates

Likely or substantial positive
effects on downstream flooding

Reduction of Flood Volumes
Technical Paper 11 specifies that a significant reduction in flood volumes could be attained by
creation or restoration of wetlands, converting cropland to grassland or forest, or implementing
cropland BMP’s such as forms of conservation tillage.
Transforming lands could potentially have a negative impact on the local economy and
landowners. Requiring landowners to convert existing cropland to unproductive lands or
implement best management practices would not be a practical solution as a flood control
measure due to the limited percentage of land in production that is existing near Newfolden and
the likely resistance from landowners due to loss of income. There is currently a high
percentage of land that is forested or native grasslands in the surrounding area and upstream of
Newfolden. Therefore, converting the remaining land would not result in benefits greater than
the costs. As a result, this alternative has been dismissed from further consideration.
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Increase Road Crossing Capacity
Increases to the railroad crossing capacity would reduce the flooding impacts east of the
railroad tracks within Newfolden. An approach to increase the capacity could be to horizontally
bore a smooth-steel casing pipe (SSP) through the existing railroad embankment, construct a
new crossing with increased culvert sizes, or construction of a bridge. Another potential
approach would be to divert a portion of the flow from the Middle River around the City of
Newfolden to regulate the flows through the city. Each of these approaches could alleviate the
flooding damages east of the railroad tracks but may also increase flow rates and the potential
flooding in downstream areas. Technical Paper 11 states that there would be “likely negative
impacts to downstream flooding” as a result of increasing conveyance capacities. As a result,
this strategy would be difficult to fund through the Red River Watershed Management Board or
the State Flood Damage Reduction program. Obtaining a Minnesota Department of Natural
Resources Public Waters Permit and a MSTRWD permit would be difficult to due to the
increased flow rates and potential downstream flood impacts. These strategies were outlined in
the “Concept Feasibility Study” dated October 17, 2016 and were carried forward to the
alternatives analysis since they could address the Purpose & Need statement either as a standalone alternative or within a comprehensive project.

Protection / Avoidance
Protection or avoidance is the removal of assets from the possibility of being impacted by flood
damage. This strategy could be implemented within the City of Newfolden by the following:
Buy-out of flood threatened homes and structures within the floodplain and restrict
development in those areas
Construct levees through the City along the Middle River
Raise homes and structures above the BFE
Flood-proof homes and structures at their current locations
The buy-out of flood threatened homes and structures would remove the entire eastern half of
the city, force dozens of families to find new homes, and cause a tremendous negative impact
to the area economy. The construction of levees would not address the Purpose & Need
statement, would potentially result in the buyout of several homes, and could negatively impact
landowners upstream and adjacent to the levee by increasing the floodwater elevation. Raising
and the flood-proofing of homes also does not address the Purpose & Need statement and
could cause an economic strain on landowners. Raising homes and structures also leads to
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uncertainty each year that natural occurrences such as ice jams could lead to a higher than
anticipated flood elevation. As a result, this strategy was removed from further consideration but
the results from the levee alternative were documented and studied for this analysis.

Temporary Flood Storage
Flood storage is an effective method to reduce flood damage when impoundments are created
to capture water at specific times of the local hydrograph. Impoundments can be designed for all
three areas within the Red River Basin but are most effective at reducing downstream flooding
when they are located within the “Middle” or “Late” zones. These locations would remove water
from the early limb and peak of the local hydrograph. This would reduce the local water from
contributing to the peak of the main river flows. Impoundments located in the “Early” area would
be designed to remove water from the falling limb of the local hydrograph to prevent the later
water from contributing additional water to a flood situation.
The “Concept Feasibility Study – Middle River Subwatershed,” dated October 2016, determined
that temporary flood storage could be an effective method in reducing the BFE at Newfolden
and provide local drainage benefits. The Feasibility Study documented the vetting of ten
potential impoundment sites. From the study, five favorable sites were recommended as
alternatives to carry forward for further analysis. These five sites were carried forward in this
analysis as stand-alone alternatives and as a comprehensive alternative in conjunction with
other flood reduction measures for further evaluation.

Evaluated Alternatives
The alternatives evaluated from the Concept Feasibility Study were modifications to the railroad
crossing structure within the Middle River, two levee alignments protecting the eastern portion of
Newfolden, two diversion channel alignments to direct flows from the Middle River around
Newfolden, and six detention sites. A comprehensive project was also considered which would
include a combination of the alternatives previously listed.

Alternatives Analysis
Railroad Crossing Structures
Six culvert structure alternatives under the railroad were initially analyzed. The structures vary in
size and type from a single smooth-steel pipe to multiple box culverts. The goal of a one foot
reduction was applied to the results and it was concluded that the minimum structure required to
meet the reduction goal would be the addition of two 60” Smooth-Steel Pipes. Based on this
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level of study, a structure with a minimum flow area of approximately 39 square feet would be
required in addition to the existing structures to meet the Purpose and Need statement.
Levees
Two levee alignments were analyzed to protect Newfolden east of the railroad tracks. These
levees would require formal levee certification by an engineer, have a minimum side slope of
3:1 (H:V), and be constructed to a top elevation that is a minimum of three feet above the BFE
to account for the required freeboard.
The first levee alignment would start at the Newfolden Co-Op Elevator and be constructed
south, parallel to the railroad tracks. The levee would then pass east along East Melgaard
Avenue to the eastern city limits. At that point, it would follow the city limits north until it reaches
East Minnesota Avenue. This alignment would not provide protection to at least three homes
due to their close proximity to the Middle River and may require the buyout of the homes or
buildings. This alignment would also require the relocation of utilities and potentially the
realignment or modification of existing City streets.
The second alignment would be identical to the first alignment but would continue east of East
Melgaard Avenue and include the field directly east of the existing City limits. This additional
land was included to account for potential future developments and provide additional flood
protection. Each levee alignment is displayed in Figure A-3 of Appendix A.
Detention Sites
To meet the goals set by the Project Team, temporary storage of floodwaters upstream or
downstream (in combination with diversion) of Newfolden through the use of detention sites has
been analyzed as an alternative. Using the regional assessment locations previously discussed,
a LiDAR-derived digital elevation model (DEM) was utilized in ArcGIS to assess the Middle
River subwatershed and locate sites which have the potential to temporarily store excess runoff
and therefore reduce peak discharges that would impact Newfolden. Sites were identified where
there was a sufficient difference in topography for gated storage and where there would be
minimal impact to residences and farms. These sites were further analyzed to determine where
feasible bypass ditches could be constructed to divert runoff into the detention sites. The
potential sites evaluated were ranked based on eight criteria to create an overall ranking matrix
of the sites. The ranking criteria relates to storage capabilities, environmental impacts,
landowner impacts, and constructability. The complete list of ranking criteria is displayed in
Table 2 and Table B-1 of Appendix B.
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Table 2: Detention Site Ranking Matrix

Storage volume and drainage area were chosen as the priority ranking criteria for each site.
Each potential drainage area was chosen using LiDAR to determine where runoff could be
captured based on topography and existing waterways. The watershed planning tool on the Red
River Basin Decision Information Network website was used to calculate the drainage area
captured by each waterway that would be directed into the detention site. The total inches of
runoff over the drainage area that the detention site would effectively store was determined by
dividing the storage capacity by the total drainage area. Using ArcGIS, the potential site
footprint was estimated and the gated storage elevation was determined based on the adjacent
land elevation of the upstream ditches or roads. A stage-storage curve was created to
determine the capacity of the gated storage. Two feet of freeboard was then added to the gated
storage elevation to obtain the top of embankment elevation to provide the recommended
freeboard. Using the flooded footprint, the impacts to wetlands and landowners was then
determined.
Table 2 summarizes the ranking procedure outlined in the following section. A total of ten sites
were ranked with a value of one being the most favorable and a value of ten as the least
favorable. A weighted value was assigned to each ranking criteria, with a higher weight
assigned to the criteria that were deemed to be more influential in site feasibility. The weighted
rank values where then summed for each of the sites with the lowest total receiving a final rank
of one and the largest value a rank of ten.
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SITE ANALYSIS

The top five retention sites based on the results of the matrix displayed in Table 2 were
analyzed. The sites included Site A, Site B, Site C, Site F, and Site G. The location of these
sites is displayed in Figure A - 4 of Appendix A. A majority of the landowners within these sites
were contacted in order to obtain feedback regarding these locations, identify poorly draining
areas, and their current interest in participating in the alternatives process. The sites were then
analyzed to determine the feasibility of capturing a large volume of water that would reduce the
water surface elevation a minimum of 1’ below the existing BFE for the eastern portion of
Newfolden. These sites are all preliminary and changes may occur in geometry, storage
capacity, and effectiveness. If a detention site alternative is chosen to proceed in the planning
process, a topographic survey and further design will be required.
HEC-RAS was used to analyze the potential effects the top five sites would have on reducing
the flood impacts east of the railroad tracks in Newfolden. Each of the sites was modeled by
modifying the existing conditions unsteady HEC-RAS model in order to keep the geometry
consistent. A lateral structure was created for each site within the existing ditch geometry that
would direct water to the storage area. Site specific operating plans for each of the potential
sites, inlet/outlet structure sizing, and ditch capacities were approximated for this analysis. A
summary of the results is provided in the following sections. The layout of each site was
determined based on maximizing the benefits to Newfolden and the local drainage area. Future
discussions will be held with landowners if a specific alternative moves forward in the project
process for consideration. An example of a potential inlet and outlet structure design is provided
in Figures A-5 through A-7 of Appendix A.
SITE A

Site A is located in section 10 of New Folden Township, one mile east of Newfolden. The
tentative footprint is approximately 460 acres and impacts four landowners. There is an average
of eight feet in elevation difference across the site from east to west. There would be
approximately 2,300 acre-feet of storage at the maximum elevation of 1109.5’ and the top of the
embankment walls would be at an elevation of 1111.5’. Water would be diverted from the
County Ditch 2 (CD 2) and County Ditch 25 Lateral 4 (CD 25 Lat. 4) drainage areas by
constructing a gated structure within the ditch channel. A new inlet ditch would be constructed
parallel to County Highway 28 on the south edge and would transport the diverted flows to the
site. Minor diking would occur along the ditch near the site to prevent water from breaking into
the neighboring landscape when the impoundment was at maximum capacity. Exterior ditches
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would be constructed along the dry side of the embankment walls to direct exterior runoff
around the site. The outlet would be located on the west wall of the site and discharge to the
Middle River through an existing coulee.
SITE B

Site B is located in Section 11 of New Folden Township, two miles east of Newfolden. The
current footprint is approximately 460 acres and impacts one landowner. There is an average of
eleven feet in elevation difference across the site from east to west. There would be
approximately 2,700 acre-feet of storage at an elevation of 1118.5’ and the top of the
embankment walls would be at an elevation of 1120.5’. Water would be diverted from the
County Ditch 2 (CD 2) and County Ditch 25 Lateral 4 (CD 25 Lat. 4) drainage areas by
constructing a gated structure within the ditch channel. A new inlet ditch would be constructed
parallel to County Highway 28 on the south edge and would transport the diverted flows to the
site. Minor diking would occur along the ditch near the site to prevent water from breaking into
the neighboring landscape when the impoundment was at maximum capacity. Exterior ditches
would be constructed along the dry side of the embankment walls to direct exterior water around
the site. The outlet would be located on the west wall of the site and discharge to the Middle
River through an improved ditch along the southern edge of County Highway 28.
SITE C

Site C is located in Section 3 of Marsh Grove Township and is three miles west of Newfolden.
The current footprint is approximately 625 acres and impacts three landowners. There is
approximately ten feet in elevation difference across the site from east to west. There is
approximately 2,250 acre-feet of storage at an elevation of 1073.0’ and the top of the
embankment walls would be at an elevation of 1075.0’. Water would be diverted from Judicial
Ditch 15 (JD 15) along the north edge of County Highway 28 through the construction of an inlet
ditch and a gated structure within JD 15. Dikes would be required along the diversion ditch in
order to prevent water from high flows from breaking out into adjacent overland areas. Exterior
ditches would be constructed on the dry side of the embankment walls to direct exterior runoff
around the site. The outlet would be located in the northwest corner of the site and discharge
under 180th Avenue Northwest to an improved existing ditch. This site provides downstream
storage for Newfolden. To achieve the most for Newfolden, flows from County Ditch 40 (CD 40)
could be diverted west through the railroad tracks and enter the County Ditch 15 system (CD
15). The CD 15 system would then be diverted west to the JD 15 system. Each system would
need modifications to increase their capacity.
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SITE F

Site F is located in Section 36 of New Main Township and Section 31 of Spruce Valley
Township. It is approximately four miles northeast of Newfolden. The proposed footprint is
approximately 300 acres and impacts three landowners. There is approximately eleven feet in
elevation difference from east to west across the site which equates to approximately 900 acrefeet of storage. The maximum water surface elevation within the site is 1124.0’ and the top of
embankments walls is at an elevation of 1126.0’. Water would be diverted from County Ditch 2
(CD 2) to the northeast corner of the site by constructing a gated structure within CD 2 and
directing flows to an inlet ditch. In order for the impoundment to fill to its maximum elevation, a
gate or weir structure would be required at the inlet to prevent the stored water from back
flowing through the inlet ditch as the water in CD 2 recedes. Exterior ditches would be
constructed along the dry side of the embankment walls for exterior runoff at the site. The outlet
would be located in the west wall of the site and would outflow to an existing coulee.
SITE G

Site G is located in Section 33 of New Maine Township, which is approximately 1.5 miles north
of Newfolden. The proposed footprint is approximately 325 acres and impacts three landowners.
There is an average of 9.5 feet of elevation difference across the site from north to south. There
is approximately 1,800 acre-feet of storage at an elevation of 1105.0’. The top of the
embankment walls would be at an elevation of 1107.0’. Water would be diverted from JD 21 to
the west on the north side of County Road 30 (350th St. NW), pass under County Highway 8,
and flow south into the site. Exterior ditches would be constructed along the dry side of the
embankment walls for local runoff at the site. The outlet would be on the southern wall and
discharge back into JD 21.
Pierce Detention Site
The Pierce Detention Site is located on the JD 21 system at Hawkes Manufacturing Inc.
Hawkes Manufacturing Inc. currently has a peat harvesting site approximately four miles north
of Newfolden. The detention site would utilize the storage and berms created when the peat is
harvested. There are currently six potential sites that could be transitioned into temporary
storage locations and additional sites will be created as future harvests take place. The site
would capture flows from the JD 21 system through earthwork and the construction of gates or
weirs. These sites would discharge back into JD 21. Hawkes Manufacturing Inc. and the six
parcels are displayed in Figure A - 8 of Appendix A.
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Diversion Channel
A diversion channel was proposed north of Newfolden along the southern edge of 340th Street
Northwest. The channel would begin at the Middle River at an invert of approximately 1098.0’
and divert high water approximately 2.25 miles west under County Highway 8 to the railroad
tracks. The channel would then pass water into the existing JD 21 outlet, through the railroad
tracks, and under U.S. Highway 59 into an existing coulee to the river. The bottom width would
be approximately 10 feet and have side slopes of 4:1 (H:V). The existing coulee would be
improved by increasing the capacity, stabilizing the banks by cutting the slopes back, and
implementing rock drop structures to prevent erosion at the river.
A second diversion channel alignment was analyzed on the north side of County Road 30. The
channel would begin at the Middle River and divert high water to the west for approximately
2.25 miles to JD 21. The water could then travel around Newfolden within an improved JD 21
channel or continue to travel west to the location of Site G. Diverting the water upstream of Site
G would provide the opportunity for storable water from the Middle River. The second diversion
channel would require a deep cut through a ridge containing a mixture of silty gravel. The side
slopes required would be at a minimum of 4:1 (H:V). The top width of the channel is
approximately 200 feet in areas through the ridge and approximately 20 feet in depth. Each
diversion alignment is displayed in Figure A - 9 in Appendix A.

Hydrology Analysis
An analysis of the preliminary BFE and modeling revealed some potential concern regarding the
hydrologic data. As stated previously, there is standard error associated to each of the
regression equations and it varies based on region. Newfolden is located in Region A and the
standard error for the 100 Year peak flow is 43%. The standard error within StreamStats for the
USGS Gage 05086900 is approximately 57%. Based on these errors, there is a significant value
of error that could impact the BFE for Newfolden.
The USACE HEC-HMS model developed for the Middle River Subwatershed has been
calibrated for three historical storm events. The drainage areas have been refined based on
their storage coefficients, times of concentration, curve numbers, and precipitation data.
Based on the hydrologic data available, an additional alternative is to analyze the accuracy of
the StreamStats data used in the floodplain determination and compare it to the runoff
hydrographs obtained from the USACE model. Do to the level of this study, a detailed
hydrologic analysis was not completed but it was determined that due to the error produced in
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the StreamStats flow values, a more accurate hydrologic model could potentially remove
Newfolden from the floodplain. This study would require a detailed hydrologic modeling analysis
of the Middle River subwatershed in accordance to FEMA standards. The hydrologic data would
then be submitted to FEMA for acceptance in the form of a Letter of Map Revision (LOMR). The
data would follow a reviewing process by FEMA. Depending on the results from the study, the
BFE would be adjusted accordingly. If the BFE were lowered, a project would be implemented
based on the updated BFE or the study may conclude that a project is not required to remove
Newfolden from the floodplain. The hydrologic study would not guarantee the removal of
Newfolden from the floodplain and could also result in an increased BFE.

Project Implementation
Funding
Potential sources of funding may include State funding through the Flood Damage Reduction
(FDR) grant program, Red River Watershed Management Board (RRWMB), the Federal
Emergency Management Agency (FEMA), Middle-Snake-Tamarac Rivers Watershed District,
Canadian Pacific Railway, and the City of Newfolden. Based on the alternative chosen, these
partners will vary.
A project could be implemented and funded in several ways. If an alternative were chosen that
is consistent with the Mediation Agreement goals set by the Red River Basin Flood Damage
Reduction Work Group, the MSTRWD could then lead the project and obtain funding through
the RRWMB and FDR program. This would require that a multipurpose project be implemented
such as an alternative that would remove Newfolden from the floodplain, alleviate local flooding,
and provide downstream benefits.
A second example of removing Newfolden from the floodplain would be to implement a project
that would increase the conveyance through the railroad tracks or bypass flows from the Middle
River around the city. These alternatives would not be driven by the watershed but instead by
the City of Newfolden because they do not meet the goals of the watershed or the Mediation
Agreement. This alternative could remove Newfolden from the floodplain but would be difficult to
permit through the MnDNR due to the increase in flows and flood potential downstream. There
would also not be funding available through the RRWMB or the FDR program due to the
potential flood increases downstream that would result.
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Permitting
It is anticipated that a stormwater permit will be required by the Minnesota Pollution Control
Agency (MPCA) because more than one acre of land would be disturbed as a result of each of
the alternatives considered. A Minnesota Department of Natural Resources (MnDNR) Public
Waters Permit is also expected to be required since the Middle River is a public water and is
regulated by the MnDNR. Additional required permits may be the U.S. Army Corps of Engineers
404 Wetlands Permit and the Marshall County SWCD WCA Permit. Work done within the
railroad right-of-way will also require a permit from Canadian Pacific Railway.

Social, Economic, & Environmental Impacts
Each of the alternatives will directly impact local landowners and the City of Newfolden so
consideration concerning the public must be taken into account to guarantee a socially
adequate project design for the City and surrounding area.
This project will produce a positive economic impact for the City of Newfolden and the
benefitting landowners. The project investments will be equalized over time from the reduced
flood potential and the improvements to local drainage associated with several of the
alternatives. This project will promote residential and commercial growth for the City of
Newfolden and the local area.
Contributing to improvements of natural resources within the Middle River Subwatershed is a
goal for the project. Based on the Minnesota Pollution Control Agency 2018 Draft Impaired
Waters List, the Middle River is impaired for dissolved oxygen, turbidity, fish bioassessments,
and aquatic macroinvertebrate bioassessments. The banks along the Middle River are
sloughing, which results in high amounts of sediment being transported downstream. The
velocity of the river increases as the water levels rise and can result in bank erosion or damage
to the vegetation established on the slopes. Several of the alternatives would reduce flows
within the river. This would result in less bank erosion and stress on the vegetation. The project
will also benefit local landowners by reducing property damage and crop loss due to flooding.
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Project Partner & Agency Coordination
Discussions have been held with the Canadian Pacific Railway regarding their crossing within
the Middle River at Newfolden. Staff from HDR and the MSTRWD attended a meeting on May
25th, 2017 in Minneapolis, Minnesota. During the meeting, Canadian Pacific was presented the
Concept Feasibility Study, as well as the information obtained at the time from the Alternatives
Analysis. Canadian Pacific did not have the crossing scheduled for upcoming maintenance or
replacement but they did say that they would monitor its condition and would like to be informed
of the results from the Alternatives Analysis.
The MnDNR has been contacted regarding the modifications to the railroad crossing. A Public
Waters Permit would be filed with the MnDNR if the crossing were modified since the Middle
River is a public waterway. HDR contacted the MnDNR and presented the concerns related to
increasing the maximum flows through the crossing. The MnDNR provided assistance and
stated that it appeared at least one structure would be added to the floodplain with the
increased flows. In order to obtain a permit, it would required that no new structures be added to
the floodplain/floodway and that there are no increases in potential flood impacts downstream
as a result of a project. Methods to prevent this from occurring would be required as a part of
the project.
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Conclusions & Recommendations
This alternatives analysis evaluated five types of alternatives that would potentially remove the
City of Newfolden from the the1% Annual Chance Floodplain (100-year event).
The alternatives analyzed were narrowed to the recommended alternatives using the following
methodology. Table 3 displays the alternatives analyzed.
Table 3: Evaluated Alternatives

Railroad Crossing
Improvement

Levee East of
Railroad Tracks

Detention Site

Diversion Channel

Comprehensive
Project

48” SSP

Existing City Limits

Site A

North Diversion
Channel

Site A + Diversion

54” SSP

Expanded City Limits

Site B

South Diversion
Channel

Site B + Diversion

60” SSP

Site C

Site C + Diversion

2 – 54” SSP

Site G

Site G + Diversion

2 – 60” SSP

Site F

Site F + Diversion

Box Culverts

Pierce Site

Detention Site +
Diversion Channel +
Crossing Improvement

The pros and cons of each alternative were considered prior to the narrowing process. The
findings from this study show that a modification to the railroad crossing will remove Newfolden
from the floodplain, improve upstream drainage, and provide increased safety for train traffic. As
a result to the improved flow capacity, there are increases in potential flood impacts
downstream. These increases limit the potential funding partners and also make obtaining the
required permits difficult. An improvement to only the railroad crossing would also leave the City
susceptible to ice and log jams.
A diversion channel that would direct high flows from the Middle River around the City would
remove Newfolden from the floodplain and provide improved upstream drainage. Similar to the

hdrinc.com

213 LaBree Ave N, Suite 203, Thief River Falls, MN 56701-2022
(218) 681-6100
24

Middle-Snake-Tamarac Rivers Watershed District | Newfolden / Middle River Subwatershed FDR Project
Alternatives Analysis Study

railroad crossing improvement a diversion channel would increase the potential flood impacts
downstream, limit the funding partners, and would be difficult to obtain the required permits.
A levee would remove the City of Newfolden from the floodplain but would require certification
and the potential relocation of utilities, infrastructure, and homes. This would all add a large cost
to the project and if a future remapping of the area found that there was an increase in the BFE,
the project would require modifications and recertification. A levee would also increase the
potential flood impacts upstream and downstream.
The construction of a detention site or comprehensive project would remove Newfolden from the
floodplain, improve upstream and downstream drainage, provide local flood benefits, alleviate
the large head of water on the railroad crossing, and provide some environmental benefits. Due
to their complexity and multiple benefits, they often have a greater funding source. This is
beneficial because these projects are large and do have a high cost associated with them.

Screening of Alternatives
To begin the narrowing of alternatives, each was evaluated by the Purpose and Need
statement. If the alternative met the criteria of removing Newfolden a minimum of 1’ below the
accepted Base Flood Elevation (BFE) set by FEMA, as stated in the Purpose and Need, it was
not eliminated. This removed all improvements to the railroad crossing that did not increase the
hydraulic capacity a minimum of approximately 39 square feet. This is equivalent to two 60”
Smooth Steel pipes. The two levee alternatives were removed since they each increased the
water surface elevations upstream and downstream of the railroad tracks. This occurred
because the existing storage area within the City was removed with the construction of a levee.
The water is then forced to rise on the surrounding landscape and create greater head pressure
on the existing culverts. This increases the flows passing through the existing culverts and
results in a higher water surface elevation and flow downstream. Detention sites C, G, F, and
the Pierce location did not provide the storage capacity required to meet the Purpose and Need
goal as a stand-alone alternative. As a result, these sites were also removed as viable
alternatives. Each of the alternatives removed are still options for a comprehensive project but
not as a stand-alone alternative.
The remaining alternatives were then analyzed based on their local benefits such as not
increasing flows upstream or downstream and improving the local drainage. The remaining
railroad improvement alternatives and the diversion alternatives will improve local drainage but
will also increase flows downstream. The additional flows downstream will increase the potential
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for flood damages to structures. These increases dismissed the railroad crossing improvements
and diversion alternatives as viable options. The map displayed in Figure 8 shows the areas of
increased flows and water surface elevations created by the installation of two additional 60”
SSP. As stated previously, this is the minimum railroad crossing improvement required to meet
the Purpose and Need. Directly downstream of the railroad crossing, the model shows an
increase of 0.3’ – 0.5’ in water surface elevation. This increase appears to become negligible
downstream near the City of Argyle, Minnesota, because floodwaters begin to break out of the
Middle River and this overland flooding is difficult to attribute to a specific flooding source. The
increase in flows downstream of the railroad tracks as a result of the modified crossing is
approximately 100 – 150 cubic feet per second (cfs).

Figure 8: Downstream Impacts Resulting from Minimum Railroad Crossing Improvement

Each of the remaining alternatives include a detention site that would provide runoff storage that
will meet the Purpose and Need, provide local drainage improvements, and not increase flood
potential upstream or downstream. Public safety is always a concern when designing and
operating a flood control project. These detention sites are required to follow design guidelines
set by the Minnesota Dam Safety Standards and obtain a dam safety permit through the
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MnDNR. This ensures that these projects are designed and operated with the safety and well
being of the public as the main priority. Even so, all risk cannot be removed from anything that is
done in all aspects of life. It is preferred that these sites not be constructed with homes or
farmsteads immediately downstream of the embankment wall when possible. Using that
recommendation as criteria for choosing preferred alternatives, Site A, Site A + Diversion, Site F
+ Diversion, and Site C + Diversion were removed from the remaining alternatives because
there are homes located within 1,000 feet or less of the downstream embankment wall.
The remaining alternatives are Site B, Site B as a comprehensive project, Site G + Diversion, or
Site G as a comprehensive project. The two recommended alternatives for further study are Site
B as a stand-alone project and Site G + South Diversion channel. Based on this level of
analysis, Site B provides the storage capabilities necessary for removing Newfolden from the
floodplain, as well as improving the local drainage along the CD 2 and CD 25 systems. Site G
provides sufficient storage from the JD 21 system to mitigate the flows produced by the South
Diversion channel and improves the local drainage along JD21. The South Diversion channel
was chosen because it had less impact on the existing homes along the alignment and required
less volume to be excavated than the North Diversion. The North Diversion impacted several
structures and home sites
Table 4 summarizes the preferred alternatives recommended for further study and their
estimated cost. The cost does include a 20% contingency.
Table 4: Preferred Alternatives Recommended for Further Study

Alternative

Estimated Cost
(20% Contingency Included)

Site B

$5.5 - $6 Million

Site G +
South Diversion Channel

$4 - $4.5 Million (Site G)
$3 - $3.5 Million (South Diversion)

Each of the preferred alternatives could also include a modification to the railroad crossing. A
modification is not required to meet the Purpose and Need statement but would add an
additional factor of safety for the City and its residents. The Pierce Site could also be
constructed in addition to Site G to provide additional flood mitigation along JD 21. Figure 9
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displays each of the recommended alternatives and their location in relation to Newfolden, as
well as the optional railroad crossing modification.

Figure 9: Preferred Alternatives Recommended for Further Study
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Opinion of Most Probable Cost
The estimated costs for the recommended alternatives are displayed in Table 5 – Table 7.
Table 5: Site B Estimated Cost
Newfolden / Middle River Subwatershed FDR Project

Site B

Construction Costs

Engineer's Opinion of Most Probable Cost

Item

Unit

Qty

Unit Cost

Cost

MOBILIZATION

LS

1

$82,000.00

$82,000.00

FIELD LABORATORY - TYPE D

EACH

1

$8,000.00

$8,000.00

CLEARING AND GRUBBING

AC

13

$3,000.00

$39,720.00

COMMON EXCAVATION (P)

CY

150,371

$2.75

$413,521.00

COMMON BORROW

CY

366,874

$5.00

$1,834,370.00

AGGREGATE SURFACING, CLASS 5

CY

1,000

$12.00

$12,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT

LF

60

$750.00

$45,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT END SECTION

EA

2

$9,700.00

$19,400.00

96" CAS PIPE CULVERT

LF

910

$210.00

$191,100.00

18" SIDE INLET PIPES W/ APRON AND FLAP

EA

16

$2,630.00

$42,080.00

DIVERSION STRUCTURE

LS

1

$130,000.00

$130,000.00

OUTLET STRUCTURE

LS

1

$350,000.00

$350,000.00

RIPRAP CLASS III

CY

750

$70.00

$52,500.00

SEEDING

ACRE

77

$90.00

$6,930.00

SEED MIXTURE, 25-141

POUND

4,543

$3.70

$16,810.00

MULCH MATERIAL TYPE 1

TON

154

$110.00

$16,940.00

DISK ANCHORING

ACRE

77

$40.00

$3,080.00

FERTILIZER, TYPE 1

TON

7.7

$800.00

$6,160.00

Subtotal

$3,269,611.00

Engineering and Administration

25

%

Utility Relocation

LS

1

Materials Testing (Construction)
Right of Way Acquisition
Contingencies

2
ACRE
20

% of Earthwork Cost
489
%

Total Construction
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Table 6: Site G Estimated Cost
Newfolden / Middle River Subwatershed FDR Project

Site G

Construction Costs

Engineer's Opinion of Most Probable Cost

Item

Unit

Qty

Unit Cost

Cost

MOBILIZATION

LS

1

$62,700.00

$62,700.00

FIELD LABORATORY - TYPE D

EACH

1

$8,000.00

$8,000.00

CLEARING AND GRUBBING

LF

17

$5,000.00

$85,000.00

COMMON EXCAVATION (P)

CY

133,236

$2.75

$366,401.00

COMMON BORROW

CY

246,481

$5.00

$1,232,407.00

AGGREGATE SURFACING, CLASS 5

CY

1,000

$12.00

$12,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT

LF

60

$750.00

$45,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT END SECTION

EA

2

$9,700.00

$19,400.00

96" CAS PIPE CULVERT

LF

400

$210.00

$84,000.00

18" SIDE INLET PIPES W/ APRON AND FLAP

EA

16

$2,630.00

$42,080.00

DIVERSION STRUCTURE

LS

1

$130,000.00

$130,000.00

OUTLET STRUCTURE

LS

1

$350,000.00

$350,000.00

RIPRAP CLASS III

CY

750

$70.00

$52,500.00

SEEDING

ACRE

28

$90.00

$2,520.00

SEED MIXTURE, 25-141

POUND

1,652

$3.70

$6,113.00

MULCH MATERIAL TYPE 1

TON

56

$110.00

$6,160.00

DISK ANCHORING

ACRE

28

$40.00

$1,120.00

FERTILIZER, TYPE 1

TON

2.8

$800.00

$2,240.00

Subtotal

$2,507,641.00

Engineering and Administration

25

%

Utility Relocation

LS

1

Materials Testing (Construction)
Right of Way Acquisition
Contingencies

2
ACRE
20

$ 50,000.00

% of Earthwork Cost
334
%

Total Construction
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Table 7: South Diversion Estimated Cost
Newfolden / Middle River Subwatershed FDR Project

South Diversion

Construction Costs

Engineer's Opinion of Most Probable Cost

Item

Unit

Qty

Unit Cost

Cost

MOBILIZATION

LS

1

$56,200.00

$56,200.00

FIELD LABORATORY - TYPE D

EACH

1

$8,000.00

$8,000.00

CLEARING AND GRUBBING

LF

4

$5,000.00

$20,000.00

COMMON EXCAVATION (P)

CY

389,000

$2.75

$1,069,750.00

COMMON EXCAVATION HAULING

CY

60,000

$5.50

$330,000.00

AGGREGATE SURFACING, CLASS 5

CY

4,000

$12.00

$48,000.00

8' x 6' PRECAST CONCRETE BOX CULVERT

LF

200

$700.00

$140,000.00

8' x 6' PRECAST CONCRETE BOX CULVERT END SECTION

EA

4

$9,000.00

$36,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT

LF

200

$750.00

$150,000.00

10' x 6' PRECAST CONCRETE BOX CULVERT END SECTION

EA

4

$9,700.00

$38,800.00

72" CAS PIPE CULVERT

LF

420

$185.00

$77,700.00

78" CAS PIPE CULVERT

LF

420

$190.00

$79,800.00

18" SIDE INLET PIPES W/ APRON AND FLAP

EA

24

$2,630.00

$63,120.00

TYPE SP 9.5 WEARING COURSE MIXTURE (2,B)

TON

280

$200.00

$56,000.00

GRANULAR BEDDING (P)

TON

1,350

$9.00

$12,150.00

RIPRAP CLASS III

CY

500

$70.00

$35,000.00

SEEDING

ACRE

45

$90.00

$4,050.00

SEED MIXTURE, 25-141

POUND

2,655

$3.70

$9,824.00

MULCH MATERIAL TYPE 1

TON

90

$110.00

$9,900.00

DISK ANCHORING

ACRE

45

$40.00

$1,800.00

FERTILIZER, TYPE 1

TON

4.5

$800.00

$3,600.00

Subtotal

$2,249,694.00

Engineering and Administration

25

%

Utility Relocation

LS

1

Materials Testing (Construction)

2

$60.00
$21,395.00

20

$

$30,000.00

$ 75,000.00

ACRE

Building Site Acquisition

EA

1

20

%

Total Construction

hdrinc.com

60.00

% of Earthwork Cost

Right of Way Acquisition

Contingencies

$562,424.00
$

1,500.00

$75,000.00
$449,939.00
$3,388,512.00
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Project Timeline
An estimated project timeline is displayed in Table 8. This timeline is subject to change based
on the alternative(s) chosen and the cooperation of the partners involved. In order for this
project to follow the schedule specified, the recommended next steps are to initiate a project
with the RRWMB, begin a preliminary engineers report for the chosen alternatives, formulate a
funding package, and continue the planning process with the project partners.
Table 8: Estimated Project Timeline
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Appendix A: Additional Figures

hdrinc.com

213 LaBree Ave N, Suite 203, Thief River Falls, MN 56701-2022
(218) 681-6100

Middle-Snake-Tamarac Rivers Watershed District | Newfolden / Middle River Subwatershed FDR Project
Alternatives Analysis Study

Figure A-1: MnDNR Existing Conditions HEC-RAS Model
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Figure A-2: HDR 100-Year Existing Conditions HEC-RAS Model
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Figure A-3: Location of Levee Alignments
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Figure A-4: Location of Detention Site Alternatives
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Figure A-5: Example Detention Site Outlet Structures
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Figure A-6: Example Detention Site Inlet Structure Alternative 1
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Figure A-7: Example Detention Site Inlet Structure Alternative 2
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Figure A-8: Location of Pierce Site
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Figure A-9: Location of Diversion Alignments
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Appendix B: Additional Tables
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Figure B-1: Detention Site Ranking Matrix
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