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1. Introduction 

1.1 Background 
Buffalo Niagara Waterkeeper (Waterkeeper) is a community-based, not-for-profit organization 
that leads regional efforts to safeguard water resources for present and future generations and 
connects people to the water through education, recreation, and preservation. Funding for this 
project was obtained through the National Fish and Wildlife Foundation's National Coastal 
Resilience Fund, which works to restore, increase and strengthen natural infrastructure to protect 
coastal communities while also enhancing habitats for fish and wildlife. 
 
In November 2018, New York State Governor Andrew Cuomo announced the Resilient NY 
Initiative in response to devastating flooding in communities across the State during the 
preceding years. The Buffalo Creek watershed was chosen as one of the study sites for this 
initiative.  Overseen by the New York State Department of Environmental Conservation (NYSDEC) 
and the New York State Office of General Services (NYSOGS), the Resilient NY Initiative identified 
the causes of flooding within the Buffalo Creek watershed and developed, evaluated, and 
recommended effective and ecologically sustainable flood and ice jam hazard mitigation projects.  
 
Three high risk areas for flooding were identified in the final report Resilient NY Flood Mitigation 
Initiative: Buffalo Creek (2020), including the Lexington Green Neighborhood. One of the 
alternatives presented in the report was the creation of a floodplain bench upstream of the 
Lexington Green neighborhood. The creation of a floodplain bench would increase the width (i.e., 
cross-sectional flow) of Buffalo Creek and add storage area during times of high flows thus 
alleviating flooding downstream. It is important to note that this report did not identify specific 
parcels on which to create the floodplain bench. It also did not identify parcel ownership, parcel 
conditions, or the willingness of the property owners to allow for construction of a floodplain 
bench on their land. 

1.2 Project Location 
This project is located along Buffalo Creek in the Town of West Seneca, NY (Town) upstream of 
the union with Cayuga Creek. The Town is located just outside of Buffalo, NY and covers an area 
of approximately 21 square miles. It is transected by nine (9) major highways, including the NY 
State Thruway, which makes it an ideal location for both residential and commercial 
development. The Town has experienced a long history of flooding damages and impacts 
associated with rapid snowmelt, heavy rainfall, and ice jams. Some of the largest of these 
impacts are cited as occurring along the Buffalo Creek corridor.  
 
The Lexington Green neighborhood sits along a bend in Buffalo Creek approximately 0.7 miles 
upstream of its union with Cayuga Creek at the Harlem Road Bridge. Buffalo Creek runs along the 
north and east sides of the neighborhood over a length of approximately 0.45 miles. The 
neighborhood was developed in the mid-1960s on top of the former Buffalo Creek channel, which 
was filled with gravel and excavated materials from a sediment control project. Approximately 90 
homes were built within the neighborhood, all of which are still occupied as of 2022. Attachment 
A displays the primary and secondary project locations in the Town of West Seneca, NY. 



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

FINAL 6/50

 

Figure 1. Buffalo Creek in the vicinity of the Lexington Green neighborhood, West Seneca, NY. 

1.3 Flood History 
Flooding along Buffalo Creek generally occurs in the late winter and early spring due to rapid 
snowmelt and spring rains. The situation is compounded by restrictive bridges, which cause ice 
jams along the stream channel. In addition, continued development in the floodplain exposes a 
greater numbers of assets to potential flood damages. Most major floods have historically 
occurred during the months of January to March.  
 
Historically, the Lexington Green neighborhood has been susceptible to flooding, particularly ice 
jams in the late winter to early spring. In the winter of 2014, two significant flood events 
occurred within 6 weeks of each other causing a combined damage estimate of $1.2 million 
(USACE 2016). These storms caused damage to over 70 homes and 2 dozen vehicles in the 
Lexington Green neighborhood. In the winter of 2019, a significant ice-jam flooding event caused 
the evacuation of the School Street Neighborhood. Most recently, in the winter of 2022, a severe 
flooding event caused emergency evacuations of several neighborhoods in the Town of West 
Seneca along Buffalo Creek. 
 
The Federal Emergency Management Agency (FEMA) is responsible for flood studies and mapping 
in the United States. FEMA produces Flood Insurance Rate Maps (FIRMs), which are the official 
community maps that show special flood hazard areas (SFHAs) and the risk premium zones. For 
Buffalo Creek in the Town of West Seneca, NY, FIRMs were developed and updated in 2019. The 
current effective Flood Insurance Study (FIS) for Buffalo Creek is dated June 16, 2021. 
Attachment A displays the FEMA effective flood zones for Buffalo Creek in the project area. 
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1.4 Objectives 
Ramboll was tasked with identifying opportunities for reconnecting Buffalo Creek to its floodplain 
to: 

 Address reoccurring flooding 
 Improve flood resiliency 
 Develop preliminary designs of floodplain benches based on verified on-the-ground 

opportunities in the vicinity of the Lexington Green neighborhood.  
 
During the last six months, Ramboll performed a preliminary analysis of the benefits of 
constructing flood benches along Buffalo Creek in the vicinity of the Lexington Green 
neighborhood. The purpose of this report is to provide a summary of the evaluated flood bench 
scenarios.  
 
Based on historical flood reports and public engagement, it is understood that the Lexington 
Green neighborhood is susceptible to both open-water and ice-jam related flooding. A separate 
ice-jam analysis was performed for the flood bench alternatives to determine their effectiveness 
during ice-jam flooding events.   
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2. Methodology 

2.1 Model Data 
Attachment B is a technical memorandum describing the methodology used to evaluate each 
flood bench for this project in further detail. The following data were obtained and utilized for this 
project: 

• FEMA peak discharges (FEMA 2021) 
• USGS StreamStats peak discharges (USGS 2021) 
• New York State Digital Ortho-Imagery Program imagery (NYSOITS 2021) 
• National Land Cover Database (NLCD) data (USGS 2021) 
• NYSDOT bridge data (NYSDOT 2019) 
• New York State 1-meter LiDAR digital elevation model (DEM) data with vertical accuracy 

of 19.6-centimeters (7.7 inches) in the North American Vertical Datum of 1988 
(NAVD88) (NYSOITS 2019) 

 
To evaluate existing and proposed conditions along Buffalo Creek, it was necessary to obtain 
discharge data for the 10-, 2-, 1-, and 0.2- percent AEP (10, 50, 100, and 500-year recurrence) 
events. Hydrologic data was obtained from the USGS StreamStats software due to the limited 
available FEMA data for Buffalo Creek within the project area. 
 
The USGS StreamStats v4.10.1 software is a map-based web application that provides an 
assortment of analytical tools. The primary purpose of StreamStats is to provide estimates of 
streamflow statistics for user-selected un-gaged sites and for USGS stream gages, which are 
locations where data is collected (Ries et al. 2017, USGS 2022). Table 1 displays the data 
obtained from StreamStats for Buffalo Creek at the union with Cayuga Creek. 

Table 1. USGS StreamStats  data for Buffalo Creek for the 10-, 2-, 1-, and 0.2- percent AEP events (10, 50, 100, 
and 500-year recurrence intervals). 

Location 
Drainage 

Area 
(sq miles) 

River 
Station 

(ft) 

Peak Discharges (cfs) 

10-Percent 2-Percent 1-Percent 0.2-Percent 

Union with 
Cayuga Creek 

146 0+00 7,990 11,800 13,600 18,000 

2.2 Effective FIS model 
As part of its role, FEMA performs hydrologic & hydraulic (H&H) analyses and develops H&H 
models for each studied watershed within a community. These models are referred to as 
effective FIS models. The effective FIS model for Buffalo Creek was created using the United 
States Army Corps of Engineers (USACE) Hydrologic Engineering Center River Analysis System 
(HEC-RAS) program (USACE 2021).  
 
According to the Flood Insurance Study (FIS) for Erie County, NY (2021), the effective FIS model 
for Buffalo Creek in the Town of West Seneca was completed by FEMA in 1976. It was then 
revised and updated in 1992. For this project, the effective FIS model was obtained for the 
project area, which begins at the union between Buffalo Creek and Cayuga Creek (river station 
0+00) and extends upstream to the Buffalo Airfield (river station 205+00) (Figure 2). In Figure 2 
below, the blue line represents the centerline of Buffalo Creek while the green lines represent the 
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cross-sections in the effective FIS model. Additionally, the numbered labels represent the 
distance (in feet) along the centerline upstream from the union of Buffalo and Cayuga Creeks. 
 

 

Figure 2. FEMA Effective FIS model layout for Buffalo Creek.  

2.3 Existing Conditions Model 
Due to the age of the effective FIS model (first developed in 1976 and updated in 1992), most of 
the input data used by FEMA in the model is outdated and potentially inaccurate. For the 
purposes of this project, updates were made to the effective FIS model data, using the latest 
LiDAR digital elevation model (DEM) (2019) and land cover data (2019) to modify the geometry 
and values used for land cover (NYSOITS 2019; USGS 2021). This updated model is referred to 
as the existing conditions model. 
 
Due to the water penetration limitations of the LiDAR technology, minimum channel elevations 
were maintained or modified to match the effective FIS model (1992) or FIS profile plot (2019). 
 
In addition, 12 cross sections were added to the existing conditions model between river stations 
36+50 and 80+00 to provide the necessary starting and ending positions for the different flood 
bench scenarios along the Lexington Green neighborhood. These new cross sections had their 
overland set to the DEM data and the minimum channel elevations were modified to match the 
minimum channel elevation from the effective FIS model profile plot. Figure 3 displays the 
existing conditions model layout for Buffalo Creek. The blue line represents the centerline of 
Buffalo Creek while the green lines represent the cross-sections in the existing conditions. 
Additionally, the numbered labels represent the distance (in feet) along the centerline upstream 
from the union of Buffalo and Cayuga Creeks. 
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Figure 3. Existing conditions model for Buffalo Creek.  

2.4 Survey Data 
Field staff from Ramboll performed a site visit on November 2, 2022, where overbank and in-
channel survey data and streambank assessments were performed. Four locations were surveyed 
due to their accessibility, close proximity to the Lexington Green neighborhood, and lack of 
adequate representation in the effective FIS model layout. Figure 4 displays the field survey 
locations along Buffalo Creek. 
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Figure 4. Field survey locations along Buffalo Creek. 

Field surveys involved field staff using surveying and leveling equipment to measure land surface 
elevations perpendicularly across the creek channel from one overbank area to the other. In 
addition, stream bank assessments were performed at each location to identify the condition and 
locations of overbank zones (e.g., toe, bank, overbank, transitional, and upland zones). 
 
This survey data was used to validate the overbank and channel elevations in the existing 
conditions model.  In addition, survey data was incorporated into the existing conditions model 
where significant discrepancies were found. Attachment C contains the field notes from the field 
staff. 

2.5 Flood Bench Scenarios 
A flood bench (also referred to as a floodplain bench or bankfull bench) is a flat area adjacent to 
the stream at some specified elevation. Flood benches are constructed to create an area for flows 
to spread out, dissipate energy, and catch erosion. A flood bench is effective at reducing flood 
stages and velocities, improving water quality, reducing stream bank erosion, and providing 
stream bed stability. Attachment D contains a sectional plan view of a flood bench. 
 
Potential flood bench locations were identified using input received from the public engagement 
meeting and contact with individual property owners. A public engagement meeting took place on 
August 22, 2022, where Ramboll discussed the project goals and potential property owner 
participation. Highland Planning, LLC (Highland) took the lead in contacting and engaging with 
property owners to gauge interest in being included in this project. Based on discussions and 
participation by the community and property owners, six potential flood bench configurations 
were identified along Buffalo Creek within the project area.  
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In addition, through public engagement and discussions with representatives of Canisius High 
School, it was identified that the school is in the process of constructing two baseball fields, a 
practice field, and tennis courts in the open area adjacent to Buffalo Creek. The site plans and 
drawings for this construction were provided to Ramboll and incorporated into the H&H model for 
Buffalo Creek. Attachment E contains the site plans for the development.  
 
Table 2 summarizes the different identified flood bench locations with descriptions. Figure 5 
displays the locations and extents of each flood bench, including the proposed development 
locations by the Canisius High School. 

Table 2. Summary table of proposed flood bench locations. 

Flood Bench ID Description 

1a Western portion of the Canisius School tax parcel 

1b 
Western portion of the Canisius School tax parcel 

(outside of the proposed development area) 

2 Western portion of the 1904 Union Rd tax parcel 

3 Western portion of the 3099 Clinton Street tax parcel 

4 Western portion of the Transmission Land (Right Bank) tax parcel 

5 
Western portion of the Transmission Land  

(Upstream – Left Bank) tax parcel 

6 
Western portion of the Transmission Land  

(Downstream - Left Bank) tax parcel 
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Figure 5. Map of Buffalo Creek and the proposed flood bench locations. 

Based on the six identified flood bench locations, nine flood bench scenarios of different 
configurations were developed. Table 3 outlines the nine flood bench scenarios. 

Table 3. Summary table of modeled flood bench scenarios. 

Scenario ID Flood Bench Configurations 
1 1a 
2 1b 
3 1b + 2 
4 2 & 3 
5 1b + 2 + 3 
6 2 + 3 + 4 
7 1b + 2 + 3 + 4 
8 5 + 6 
9 1b + 2 + 3 + 4 + 5 + 6 

2.6 Proposed Scenario Modeling 
Proposed conditions models were developed for each flood bench configuration based on the 
existing conditions model. To model each flood bench scenario, terrain modifications were made 
to each cross section that intersected a proposed flood bench. Figure 6 displays an example cross 
section where the terrain was modified to represent a flood bench.  
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Figure 6. Example Cross-Section Depicting a Flood Bench. 

2.7 Ice-Jam Analysis 
An ice jam typically occurs in the late winter and early spring in ice-covered streams when ice 
accumulates at man-made (e.g., bridge piers, dams) or natural narrower or shallower sections or 
meanders of a river slowing down or blocking the incoming ice by bridging the ice across the 
width of the river. Ice-jam flooding presents a complex problem for scientists and engineers since 
the resulting flood stage can be significantly higher than the flood stage caused from streamflow 
alone. In other words, a relatively minor discharge of streamflow can result in a major flooding 
event during an ice jam (USACE 2006). 
 
The ice jam analysis in this study used the 10% ACE (10-yr) to develop an existing condition 
with ice cover model. Ice-jam simulations were performed for each proposed conditions model 
using the built-in Ice Cover settings within the HEC-RAS model software. Based on historical ice 
jam data, ice cover lengths and depths were obtained and input into the model. For the ice-jam 
simulations, an ice cover of 1-ft thickness was used starting from the confluence with Cayuga 
Creek/Buffalo River (river station 0+00) upstream to the Union Road bridge (river station 
118+60).

Existing Terrain 

Flood Bench 
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3. Results 

3.1 Effective FEMA and Existing Conditions Model Results 
Attachment F contains the model results for the effective FEMA and existing conditions models. 
Based on the modeling results, there is a difference in water surface elevations (WSELs) between 
the effective FIS model and the existing conditions model of up to 2.0-feet using the FEMA 1-
percent AEP peak discharge. Figure 7 displays the profile plot of the effective FEMA and existing 
conditions model results. 

 

Figure 7. Effective FEMA and existing conditions profile plot using the FEMA 1-percent AEP (100-year 
recurrence) event peak discharge. 

The difference in water surface elevations (WSELs) between the effective FIS model and the 
existing conditions model are a result of multiple factors, including: 

 Updated geometry using the most current LiDAR DEM available 
 Updated values to represent land use changes over time in the watershed 
 Additional cross-sections to provide more consistent and higher resolution calculations 

and results 
 Difference in versions of the USACE HEC-RAS modeling used for the effective FIS and the 

existing conditions model.   
 
Figure 8 displays the flood extents of the effective FIS model and the existing conditions model 
results using the FEMA 1-percent AEP event peak discharge. 
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Figure 8. Flood extents for the effective FEMA (blue) and existing condition (red) model simulation results using the FEMA 1-percent AEP (100-year 
recurrence) event peak discharge. 
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The largest difference between the effective FEMA and existing conditions model simulations 
results occurs downstream of the Oxbow and in the vicinity of the Lexington Green neighborhood.  
Since the development of the effective FIS a temporary protective berm was placed to help 
reduce the risk of flooding in the Lexington Green neighborhood.   
 
For regulatory and insurance purposes, the berm along the Lexington green neighborhood is not 
recognized as an official levee since it does not meet the minimum design standards for providing 
safe, reliable flood protection. The minimum design standards include design height for the 
specified level of protection (e.g., 1% AEP/100-year level), overtopping criteria, top width, side 
slopes, seepage, and stability (i.e., foundation protection, erosion and scour protection, etc.).  
Therefore, it was considered in the developing the effective FIRM nor this study. 

3.2 Proposed Conditions Model Results 
Attachment F contains the results for the existing and proposed conditions models. The model 
results of each proposed flood bench scenario in comparison to the existing conditions model is 
summarized in Table 4. 

Table 4. Results of the existing and proposed conditions models for the 10-, 2-, 1-, and 0.2- percent AEP events 
(10, 50, 100, and 500-year recurrence intervals). 

Scenario 
ID 

Flood Bench 
Configurations 

Reductions in Water Surface Elevations 
(feet NAVD88) 

10-Percent 2-Percent 1-Percent 0.2-Percent 
1 1a 1.0 1.4 1.5 1.6 
2 1b 0.4 0.6 0.6 0.6 
3 1b + 2 0.8 1.2 1.3 1.3 
4 2 + 3 1.4 1.6 1.6 1.6 
5 1b + 2 + 3 1.4 1.6 1.6 1.6 
6 2 + 3 + 4 1.5 2.0 2.2 2.4 
7 1b + 2 + 3 + 4 1.5 2.0 2.2 2.5 
8 5 + 6 0.6 0.7 0.7 0.7 

9 
1b + 2 + 3 + 4 + 5 

+ 6 
1.6 2.2 2.4 2.8 

 
Figures 9 through 17 display the flood extents from the proposed (blue) and existing (pink) 
conditions model for each flood bench using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. Where the flood extents for both the proposed and existing 
conditions model overlap, the flood extents will appear as purple on the figures. 
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Figure 9. Scenario #1 - Flood extents for proposed conditions (blue) and existing condition (pink) model using the USGS StreamStats 1-percent AEP (100-
year recurrence) event peak discharge. 
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Figure 10. Scenario #2 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 11. Scenario #3 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 12. Scenario #4 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 13. Scenario #5 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 14. Scenario #6 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 15. Scenario #7 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 16. Scenario #8 - Flood extents for proposed (blue) and existing conditions (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge. 
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Figure 17. Scenario #9 - Flood extents for proposed (blue) and existing condition (pink) model using the USGS StreamStats 1-percent AEP (100-year 
recurrence) event peak discharge.
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Table 5 summarizes the difference in WSELs between the existing and proposed conditions 
scenario model results for the 1-percent AEP event for the reach along the Lexington Green 
neighborhood (river stations 39+97 to 53+07). It should be noted positive values indicate the 
existing conditions WSELs are higher than the proposed scenario, while negative values indicate 
the existing conditions WSELs are lower than the proposed scenario. Results for events that occur 
more frequently (i.e., 10- and 2-percent) can be found in Attachment F. 

Table 5. WSEL (feet NAVD88) differences for the existing and proposed conditions models in the vicinity of 
Lexington Green for the 1-percent AEP event. 

 
Water Surface Elevation (ft NAVD88) 

RS 
39+97 

RS 
41+82 

RS 
43+63 

RS 
45+82 

RS 
47+86 

RS 
50+51 

RS 
53+07 

Scenario #1 -0.1 -0.2 -0.5 0 0.3 0.7 1.3 
Scenario #2 0 0 -0.4 0 0 0 0.3 
Scenario #3 0 0 -0.4 0 0 0 0.2 
Scenario #4 0 0 0 0 0 0 -0.2 
Scenario #5 0 0 -0.4 0 0 0 0.2 
Scenario #6 0 0 0 0 0 0 -0.2 
Scenario #7 0 0 -0.4 0 0 0 0.2 
Scenario #8 0 0 0 0 0 0 -0.1 

Scenario #9 0 0 -0.4 0 0 0 0.2 

 
In the vicinity of the Lexington Green neighborhood, WSELs remain unchanged for most of flood 
bench scenarios across the majority of this reach. Scenario #1 displays the most significant 
benefits with WSEL reductions of up to 1.3-ft, primarily in the upstream portion of Lexington 
Green.  

3.3 Berm Impacts 
For regulatory and insurance purposes, the berm along the Lexington Green neighborhood is not 
recognized as an official levee since it does not meet the minimum design standards for providing 
safe, reliable flood protection. However, due to the existence of and flood mitigation impacts of 
the existing berm, the project team included the berm in the H&H analysis performed in this 
study. The berm elevation in the existing conditions model was set to 599.5-ft NAVD88 in line 
with the LiDAR DEM data. Figure 18 displays the flood extents for the existing conditions model 
simulation results with and without the berm.  
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Figure 18. Flood extents for existing with berm (pink) and existing without berm (green) conditions models 
using the USGS StreamStats 1-percent AEP (100-year recurrence) event peak discharge. 
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Table 6 summarizes the results for the 1-percent AEP event of the existing and proposed 
conditions modeling for the reach containing the berm along the Lexington Green neighborhood. 
Results for events that occur more frequently (i.e., 10- and 2-percent) can be found in 
Attachment F. 

Table 6. Berm and WSELs (feet NAVD88) along Lexington Green for the existing and proposed conditions models 
for the 1-percent AEP event. 

 
Water Surface Elevation (ft NAVD88) 

RS 45+82 RS 47+86 RS 50+51 

Berm Elevation 
(ft NAVD88) 

599.5 599.5 600.5 

Existing Conditions 595.8 596.4 597.0 
Scenario #1 595.8 596.1 596.3 
Scenario #2 595.8 596.4 597.0 
Scenario #3 595.8 596.4 597.0 
Scenario #4 595.8 596.4 597.0 
Scenario #5 595.8 596.4 597.0 
Scenario #6 595.8 596.4 597.0 
Scenario #7 595.8 596.4 597.0 
Scenario #8 595.8 596.4 597.0 
Scenario #9 595.8 596.4 597.0 
 
Based on the model simulation results, only the flood bench Scenario #1 produced a reduction in 
WSELs in the vicinity of the berm. All of the other scenarios maintained the same WSEL as the 
existing conditions model.  
 
It is important to note that since the berm was not built to USACE guidelines, the berm does not 
have the appropriate high-ground elevation tie-ins for the upstream and downstream ends of the 
berm. As a result, flood waters from high flow events can circumvent the berm causing flooding 
to the areas behind the berm. In addition, the probability of failure of the berm is high due to the 
improper construction. Once the berm fails, as any levee failure, the resulting damages can be 
significant and catastrophic. Further consultation with the USACE and NYSDEC regarding 
modifications to the berm or construction of a certified levee is recommended. 

3.4 Ice-Jam Simulation Results 
Attachment F contains the results for the ice-jam simulations for the existing and proposed 
conditions models. Figure 19 displays the flood extents for the existing conditions model under 
open-water (blue) and ice-jam (pink) conditions using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. Where the flood extents for the existing conditions 
model under open-water and ice-jam conditions overlap, the flood extents will appear as purple 
on the figures.  
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Figure 19. Flood extents for the existing conditions model under open-water (blue) and ice-jam (pink) conditions models using the USGS StreamStats 10-
percent AEP (10-year recurrence) event peak discharge. 
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Table 7 summarizes the model results of each proposed flood bench scenario with an ice-jam in 
comparison to the existing condition with an ice-jam models.  

Table 7. Results of the existing and proposed conditions models with ice-jams for the 10-, 2-, 1-, and 0.2- 
percent AEP events (10, 50, 100, and 500-year recurrence intervals). 

Scenario 
ID 

Flood Bench 
Configurations 

Reductions in Water Surface Elevations 
(feet NAVD88) 

10-Percent 2-Percent 1-Percent 0.2-Percent 
1 1a 2.8 1.2 1.2 1.2 
2 1b 1.6 0.2 0.1 0.1 
3 1b + 2 1.9 1.5 0.6 0.6 
4 2 + 3 1.5 1.7 1.6 1.6 
5 1b + 2 + 3 1.9 1.7 1.6 1.6 
6 2 + 3 + 4 3.1 2.0 1.8 1.7 
7 1b + 2 + 3 + 4 3.2 2.0 1.8 1.7 
8 5 + 6 1.1 0.5 0.5 0.4 

9 
1b + 2 + 3 + 4 + 5 

+ 6 
3.6 2.4 2.3 2.1 

 
Table 8 summarizes the difference in WSELs for the 10-percent AEP event of the existing and 
proposed conditions with ice-jam model results for the reach along the Lexington Green 
neighborhood (river stations 39+97 to 53+07). It should be noted positive values indicate the 
existing conditions WSELs are higher than the proposed scenario, while negative values indicate 
the existing conditions WSELs are lower than the proposed scenario. Results for higher intensity 
events that occur less frequently (i.e., 2-, 1- and 0.2-percent) can be found in Attachment F. 

Table 8. WSEL (feet NAVD88) differences between the existing and proposed conditions with ice-jam models in 
the vicinity of Lexington Green for the 10-percent AEP event. 

 
Water Surface Elevation (ft NAVD88) 

RS 
39+97 

RS 
41+82 

RS 
43+63 

RS 
45+82 

RS 
47+86 

RS 
50+51 

RS 
53+07 

Scenario #1 -0.3 -0.7 -0.6 0.7 1.7 2.4 2.8 
Scenario #2 0 0 0 0 0.5 0.8 1.1 
Scenario #3 0 0 -0.1 0 0.5 0.9 1.2 
Scenario #4 0 0 0 0 0.1 0.2 0.5 
Scenario #5 0 0 -0.1 0 0.5 0.9 1.2 
Scenario #6 0 0 0 0 0.1 0.2 0.5 
Scenario #7 0.1 0 0 0 0.5 0.9 1.2 
Scenario #8 0 0 0 0 0.1 0.1 0.3 

Scenario #9 0.1 0 0 0 0.5 0.9 1.3 

 
Figures 20 through 28 display the flood extents from the proposed with ice-jam (blue) and 
existing with ice-jam (pink) conditions models for each flood bench using the USGS StreamStats 
10-percent AEP (10-year recurrence) event peak discharge. Where the flood extents for both the 
proposed and existing conditions with ice-jam models overlap, the flood extents will appear as 
purple on the figures. 
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Figure 20. Scenario #1 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 21. Scenario #2 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 22. Scenario #3 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 

 



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

FINAL 35/50

 

Figure 23. Scenario #4 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 24. Scenario #5 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 25. Scenario #6 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 26. Scenario #7 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 
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Figure 27. Scenario #8 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge. 

 



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

FINAL 40/50

 

Figure 28. Scenario #9 - Flood extents for proposed (blue) and existing condition (pink) with ice-jam models using the USGS StreamStats 10-percent AEP 
(10-year recurrence) event peak discharge.
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3.5 Bank and Channel Stabilization Features 
Streambank erosion is a natural process that occurs when the forces of flowing water exceed the 
ability of the soil and vegetation to hold the banks in place. The forces that cause erosion 
increase during flood events, and most erosion occurs at these times. Human disturbances to 
watersheds that increase frequency and magnitude of runoff events also increase streambank 
erosion. Loss of streambank and streamside vegetation reduces the resisting forces and makes 
streambanks more susceptible to erosion. This is often the single greatest contributing factor to 
harmful or accelerated erosion on small and medium-size streams (GASWCC 2000). 
 
Streambank stabilization measures work either by reducing the force of flowing water, by 
increasing the resistance of the bank to erosion, or by some combination of both. Generally 
speaking, there are four approaches to streambank protection: 1) the use of vegetation; 2) soil 
bioengineering; 3) the use of rock work in conjunction with plants; and 4) conventional bank 
armoring (GASWCC 2000). 
 
Streambank stabilization can also play a vital role in flood risk management in areas located in 
flood prone areas. The magnitude of that risk is a function of the flood hazard, the characteristics 
of a particular location (i.e., elevation, proximity to the waterway, susceptibility to fast-moving 
flows, etc.), measures that have been taken to mitigate the potential impact of flooding, the 
vulnerability of people and property, and the consequences that result from a particular flood 
event. A flood risk management strategy identifies and implements measures that reduce the 
overall risk, and what remains is the residual risk. In developing the strategy, those responsible 
judge the costs and benefits of each measure taken and their overall impact in reducing the risk 
(NRC 2013). 
 
There are two types of engineering strategies to sediment and debris management and flood 
mitigation: structural and non-structural. Structural adjustments involve two different 
approaches: hard and soft structures. Hard engineering strategies act as a barrier between the 
river and the surrounding land where artificial structures are used to change or disrupt natural 
processes. Soft engineering does not involve building artificial structures, but takes a more 
sustainable and natural approach to managing the potential for erosion, deposition, and flooding 
by enhancing or protecting a river’s natural features (NRC 2013). Flood benches and streambank 
stabilization and protection are considered soft engineering strategies.  
 
The purpose of non-structural flood mitigation is to change the way that people interact with the 
floodplain, flood risk, and also aims to move people away from flood-prone areas. More and more 
communities have looked for alternatives to structural flood damage reduction techniques and 
instead have begun to pursue nonstructural techniques used to reduce flood damages that do not 
disturb the environment or that can lead to environmental restoration. Non-structural flood 
damage reduction techniques have proven to be extremely viable in alternatives consisting of 
total non-structural, or a combination non-structural and structural measures (USACE 2001; NRC 
2013). 
 
Bank and channel stabilization features are dependent on two forces: velocity and shear stress. 
Velocity in a waterway is controlled by a number of factors, including friction slope, channel 
geometry, size of sediments on the stream bed, and the discharge (volume) of water passing a 
point in a unit of time. A stream typically reaches its greatest velocity when it is close to flooding 
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over its banks, known as the bank-full stage. As soon as the flooding stream overtops its banks 
and occupies the wide area of its flood plain, the water has a much larger area to flow through 
and the velocity drops significantly. At this point, sediment that was being carried by the high-
velocity water is deposited near the edge of the channel, forming a natural bank or levee (Earle 
2019).  
 
Shear stress is the parameter often used as a measure of the stream’s ability to entrain bed 
material, which is created by the friction from water acting on the bed material. Generally, shear 
stress acts in the direction of the flow in a uniform channel as it slides along the channel bed and 
banks. A given particle will move only when the shear stress acting on it is greater than the 
resistance of the particle to movement. The resistance of the particles to movement and thus its 
entrainment will vary depending on its size, shape, its size relative to surrounding particles, how 
it is oriented and the degree to which it is embedded. The magnitude of shear stress required to 
move a given particle is known as the critical shear stress. When the shear stress equals the 
critical shear stress, the channel will likely be in equilibrium. Where shear stress is excessively 
greater than critical shear stress, channel degradation will likely result. Where the shear stress is 
less than critical shear stress, channel aggradation will likely result. Thus, the ability to calculate 
or measure both shear and critical shear stress is crucial in understanding channel adjustments 
(VTANR 2004). 
 
Channel shear stress and velocity values were obtained from the existing conditions model 
simulation results (Attachment F). For the reach of Buffalo Creek that runs adjacent to the 
Lexington Green neighborhood between river stations 40+00 to 65+50, the maximum shear 
stress and velocity value was 1.3 lb/sq. ft. and 8.7 ft/s for the 1-percent AEP event.  
 
Table 9 summarizes the bank and channel stabilization strategies that could potentially be 
employed along Buffalo Creek in the vicinity of the Lexington Green neighborhood (river stations 
40+00 to 66+50) for the 1-percent AEP event. Attachment G summarizes the different bank and 
channel stabilization features discussed in Table 9. It should be noted that the identified bank 
and channel stabilization strategies are not intended to represent a fully comprehensive list and 
are based on the preliminary analysis performed in this study. Additional geomorphic research 
and advanced multi-dimensional open-water and ice-jam modeling is recommended to determine 
the most appropriate strategy for this reach of Buffalo Creek. 
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Table 9. Bank and channel stabilization strategies along Buffalo Creek for the 1-percent AEP event. 

Measure Type Treatment Type Description of Measure 

Brush Mattress 
Staked only w/ rock riprap toe 

(grown) 

Brush mattresses slow water velocities along 
the streambank and reduce erosion. The open 
space between the woody material allows for 
sediment deposition and water drainage. The 

build-up of sediment enhances the 
colonization of native plants. 

Coir Geotextile Roll 
Roll with Polypropylene rope mesh 

staked and with rock riprap toe 

Coir geotextiles protect land surfaces, help 
with soil stabilization, promote vegetation 

growth in varying slopes, and provide erosion 
control. 

Gravel/Cobble 12-inch 
Cobble or gravel armor is used to protect a 
sloping bank against fluvial entrainment by 

flow in the stream or over the top of the bank. 

Soil Bioengineering 

Vegetated coir mat 
Soil bioengineering methods have a common 

geotechnical benefit of providing root 
reinforcement in the soil and can help modify 
drainage patterns of the soil, help stabilize 
soils at steeper angles if desired, help keep 

grasses, and bushy vegetation in place 
resisting erosion, and support woody debris or 

other types of vegetation. 

Live brush mattress (grown) 

Brush layering (initial/grown) 

Boulder Clusters 
Small (>10-inch diameter) and 

larger 
Boulder clusters can prevent large buildup of 

wood and reduce flood and bank erosion. 
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4. Summary 

Based on the results of the proposed conditions modeling, there are multiple flood bench 
configurations that could provide flood mitigation benefits to the areas in the vicinity of the flood 
benches. The top three scenarios that produced the largest reduction of water surface elevations 
were: 
 

1. Scenario #9: Up to 2.4-ft of modeled water surface elevation reductions at the 1-percent 
AEP (100-year recurrence) event. 

2. Scenario #7: Up to 2.2-ft of modeled water surface elevation reductions at the 1-percent 
AEP (100-year recurrence) event. 

3. Scenario #6: Up to 2.2-ft of modeled water surface elevation reductions at the 1-percent 
AEP (100-year recurrence) event. 

 
Scenario #9 involved utilizing flood benches from all 6 proposed locations, while Scenario #7 
involved flood benches 1b, 2, 3, and 4 and Scenario #6 involved flood benches 2, 3, and 4. None 
of the remaining scenarios exceeded 2-ft of water surface elevation reductions, with Scenarios 
#1, 2, and 8 producing the lowest water surface elevation reductions of less than 1-ft. 
 
The common element between the top three scenarios was the involvement of flood benches 2, 
3, and 4. As of November 2022, the landowners for flood benches 2 and 3 have expressed 
interest in pursuing flood mitigation projects on their properties, such as the proposed flood 
benches.  
 
Flood bench 4 involves land owned by National Grid and contains utility equipment and 
transmission lines. Any flood mitigation project involving this land would require permission and 
coordination with National Grid. As of November 2022, the project team and Buffalo Niagara 
Waterkeeper were in contact with company representatives regarding potential interest in 
pursuing a flood mitigation project.  
 
Flood benches 1a and 1b involve land owned by Canisius High School. As of November 2022, the 
school has started construction on the two new baseball fields, practice field, and tennis courts. 
Flood bench 1a would involve land being used for this new construction and, as such, would most 
likely not be supported by the school. Flood bench 1b does not involve land impacted by the new 
construction and may be potentially supported by the school. As of November 2022, the project 
team and Buffalo Niagara Waterkeeper were in discussions with school representatives regarding 
potential interest in pursuing a flood mitigation project, such as flood bench 1b. 
 
Based on the analysis performed in this study, the Project Team recommends Scenario #6 be 
considered for advancement. Scenario #6 provided measurable flood mitigation benefits based 
on the H&H modeling simulations and requires the least number of property owner participants. 
In addition, the property owners for flood benches 2 and 3 have expressed interest in 
participating in the project during individual and the public engagement meeting. Figure 29 
displays the location and extent of the flood benches for Scenario #6.  
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Figure 29. Flood bench locations and extent for Scenario #6. 

The flood mitigation benefits of Scenario #6 occur predominately upstream of the Lexington 
Green neighborhood starting in the vicinity of George Drive/Windtree Court and extending 
upstream of the Railroad bridge (Figure 14). Properties in the vicinity of Mineral Springs and 
Indian Church Roads along the left bank of Buffalo Creek downstream of the railroad bridge 
would experience significant flood mitigation benefits if Scenario #6 were implemented. In 
addition, there is no increase in WSELs at river station 43+63 under Scenario #6, while there is 
an increase of up to 0.3-feet for Scenarios #7 and #9. 
 
Based on model simulation results, Scenario #6 provides up to 0.5-feet of modeled water surface 
elevation reductions at the 10-percent AEP (10-year recurrence) event during an ice-jam event 
when compared to open-water conditions in the vicinity of the Lexington Green neighborhood. A 
flood bench further downstream of Scenario #6 would provide additional reductions in WSELs 
(i.e., reduce flood depths); however, the flood mitigation benefits would remain primarily in the 
upstream portion of the Lexington Green neighborhood and would not extent to the downstream 
portion of the neighborhood, regardless of whether an additional flood bench downstream of 
Scenario #6 was considered.   
 
For the three recommended scenarios (#6, #7, and #9), there are no adverse impacts to areas 
upstream or downstream of the Lexington Green neighborhood, including areas in the vicinity of 
Canisius High School and Harlem Road bridge, according to the model simulation results. 
 
Natural floodplains and flood benches provide flood risk reduction benefits by slowing runoff and 
storing flood water. They also provide other benefits of considerable economic, social, and 
environmental value that should be considered in local land-use decisions. Floodplains frequently 
contain wetlands and other important ecological areas which directly affect the quality of the local 
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environment. Floodplain management is the operation of a community program of preventive and 
corrective measures to reduce the risk of current and future flooding, resulting in a more resilient 
community. These measures take a variety of forms, are carried out by multiple stakeholders 
with a vested interest in responsible floodplain management, and generally include requirements 
for zoning, subdivision or building codes, and special-purpose floodplain ordinances. While FEMA 
has minimum floodplain management standards for communities participating in the National 
Flood Insurance Program (NFIP), best practices demonstrate the adoption of higher standards 
which will lead to safer, stronger, and more resilient communities (FEMA 2006). 
 
There are some potential constraints to Scenario #6 that should be considered by the Project 
Team and community moving forward. The property owner of flood bench 4 is National Grid, 
which has transmission line equipment and towers within the proposed flood bench area. 
Coordination and buy-in from National Grid, in conjunction with design plans that mitigate any 
impacts to their utility equipment and towers, would be necessary to progress Scenario #6. The 
availability of potential State and/or Federal funding through grants, loans, awards, etc. would 
also need to be considered. Finally, the Oxbow along Buffalo Creek downstream of the Lexington 
Green neighborhood is a protected wetland so coordination with the New York State Department 
of Environmental Conservation (NYSDEC) would be necessary for any flood mitigation project 
along Buffalo Creek in the project area. 
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5. Next Steps 

Engineering studies are typically completed in a phases referred to as the 30-60-90-100% 
process. The analysis performed in this study represents a 30% conceptual design. A 30% 
conceptual design includes: advance preliminary concept sketches to develop conceptual design 
plans for the project area; rudimentary design sketches of plan, profile, and typical section views 
of proposed flood mitigation strategies; preliminary rough order of magnitude cost estimates for 
identified flood mitigation strategies; and a technical memorandum presenting engineering 
analysis and concept design basis.  
 
The 60% preliminary design phase requires one or more flood mitigation strategies to be 
identified as a potential construction project. Once a flood mitigation strategy has been identified, 
a 60% preliminary design can be completed. The preliminary design involves advancing the 
conceptual design by incorporating any comments received from the 30% phase; modifying 
design plans with more specific engineering details; using multi-dimensional or variable-
specific (i.e., ice cover, sediment, etc.) hydrologic and hydraulic models to evaluate 
identified flood mitigation strategies; developing additional  “amenities” plans for any community 
identified features (i.e., walking and/or bike trails, facilities, etc.); modifying the rough order 
magnitude cost estimates to reflect updated engineering analyses and designs; and developing a 
preliminary design report presenting the updated engineering analyses and design basis. 
 
Along with the engineering and design process, there are additional procedures that would need 
to be considered and potentially completed during the 60% preliminary design phase. These 
procedures include regulatory permitting applications; wetland delineations; rare, threatened, 
and endangered species identification and analyses; the Historic Preservation Review Process; 
preparing the Environmental Assessment Form with supporting documents to complete the State 
Environmental Quality Review; local permit applications; and responding to comments during the 
design and permit review process. 
 
The 90% final design phase includes advanced design drawings, plans, and profiles of the 
construction project for both the existing and proposed conditions and construction documents 
with technical specifications and supporting information for the front-end specifications (i.e., bid 
forms, conditions of contract, forms of agreement, etc.). 
 
The 100% final design includes the final design drawings, construction cost opinions, and 
contract documents signed and sealed by a licensed engineer.



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

48/50

6. References 

[CRREL] Cold Regions Research and Engineering Laboratory. [Internet]. 2022. CRREL Ice Jam 
Database – Buffalo Creek. Hanover (NH): United States Army Corps of Engineers (USACE), Ice 
Engineering Research Group; [updated 2022 Dec 7; cited 2022 Dec 7]. Available from: 
https://icejam.sec.usace.army.mil/ords/f?p=1001:7::::::. 
 
Earle S. 2019. Physical Geology – 2nd Edition. British Columbia (CA): BCcampus Open Education; 
[accessed Jan 18, 2021]. Available from: https://opentextbc.ca/physicalgeology2ed/. 
 
Federal Emergency Management Agency (FEMA). 2006. Floodplain Management Requirements: A 
Study Guide and Desk Reference for Local Officials. Washington DC (US): United States 
Department of Homeland Security (USDHS). Available from: https://www.fema.gov/media-
library-data/20130726-1539-20490-9157/nfip_sg_full.pdf.  
 
Federal Emergency Management Agency (FEMA). 2021. Flood Insurance Study, Erie County, New 
York (All Jurisdictions). Washington DC (US): United States Department of Homeland Security. 
Flood Insurance Study Number 36029CV001C-007C. Available from: FEMA.  
 
Georgia Soil and Water Conservation Commission (GASWCC). 2000. Guidelines for Streambank 
Restoration. Atlanta (GA): Georgia Soil and Water Conservation Commission (GASWCC). 
Available from: https://epd.georgia.gov. 
 
National Research Council (NRC). 2013. Levees and the National Flood Insurance Program: 
Improving Policies and Practices. Washington DC (US): The National Academies Press. Available 
from: www.nap.edu. 
 
[NYSDOT] New York State Department of Transportation. [Internet]. 2019. Bridge Point 
Locations & Select Attributes -New York State Department of Transportation. Albany (NY): New 
York State Department of Transportation, Structures Division; [updated 2019 Feb; cited 2022 
Sept 29]. Available from: https://gis.ny.gov. 
 
[NYSOITS] New York Office of Information Technology Services. 2019. New York State 1-meter 
DEM – LIDAR collection (QL2) for Erie, Genesee, and Livingston Counties New York Lidar; Hydro 
Flattened Bare Earth DEM. Albany (NY): New York Office of Information Technology Services. 
Available from: https://gis.ny.gov/. 
 
[NYSOITS] New York State Office of Information Technology Services. 2021. 2021 One Foot 4 
Band West Zone Orthoimagery. Albany (NY): New York State Office of Information Technology 
Services (NYSOITS), GIS Program Office. Available from: http://gis.ny.gov/gateway/mg/. 
 
Ramboll Americas Engineering Solutions, Inc. (Ramboll). 2020. Resilient New York – Buffalo 
Creek. Albany (NY): New York State Department of Environmental Conservations (NYSDEC), New 
York State Office of General Services (NYSOGS).  
 



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

49/50

Ries KG III, Newson JK, Smith MJ, Guthrie JD, Steeves PA, Haluska TL, Kolb KR, Thompson RF, 
Santoro RD, Vraga HW. 2017. StreamStats, version 4. Reston (VA): United States Geologic 
Survey (USGS). Fact Sheet 2017-3046. Available from: 
https://pubs.er.usgs.gov/publication/fs20173046. 
 
United States Army Corps of Engineers (USACE). 2001. Non-Structural Flood Damage Reduction 
Within the Corps of Engineers: What Districts Are Doing. Davis (CA): United States Army Corps 
of Engineers (USACE), National Flood Proofing Committee (NFPC). Available from: USACE. 
 
United States Army Corps of Engineers (USACE). 2006. Engineering and Design – ICE 
ENGINEERING. Washington DC (US): United States Department of Defense (USDOD), United 
States Department of the Army, United States Army Corps of Engineers (USACE). EM 1110-2-
1612. Available from: https://www.publications.usace.army.mil. 
 
United States Army Corps of Engineers (USACE). 2016. Federal Interest Determination – Buffalo 
Creek - Lexington Green CAP 205. Buffalo (NY): United States Army Corps of Engineers (USACE), 
Buffalo District. Report No.: P2#443918. 
  
United States Army Corps of Engineers (USACE). 2021. HEC-RAS River Analysis System. 
[computer software]. Version 6.2.0. Davis (CA): United States Army Corps of Engineers (USACE), 
Hydrologic Engineering Center (HEC). 
 
United States Army Corps of Engineers (USACE). 2022. HEC-RAS 1D Sediment Transport User’s 
Manual. Davis (CA): United States Army Corps of Engineers (USACE), Hydrologic Engineering 
Center (HEC). Available from: https://www.hec.usace.army.mil/confluence/rasdocs/rassed1d. 
 
[USGS] United States Geologic Survey. 2021a. National Land Cover Database (NLCD) 2019 Land 
Cover Conterminous United States. Sioux Falls (SD): United States Department of the Interior. 
Available from: https://www.mrlc.gov/. 
 
[USGS] United States Geologic Survey. [Internet]. 2022. New York StreamStats Application, 
version 4.10.1. Reston (VA): United States Geologic Survey (USGS); [updated 2022 Feb 18; 
cited 2022 Sept 29]. Available from: https://streamstats.usgs.gov/ss/. 
 
URS Corporation (URS). 2015. Multi-Jurisdictional Hazard Mitigation Plan Update Erie County, 
New York – Revised Draft. Buffalo (NY): Erie County Department of Emergency Services 
(ECDES). Available from: http://www2.erie.gov/disaster/sites/www2.erie.gov.disaster/files/ 
uploads/Multi-Jurisdictional%20Hazard%20Plan.pdf. 
 
Vermont Agency of Natural Resources (VTANR). 2004. Appendix O - Vermont Stream 
Geomorphic Assessment. In: Stream Geomorphic Assessment Handbooks. Montpelier (VT): 
Vermont Agency of Natural Resources (VTANR). Available from: https://dec.vermont.gov/.



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

ATTACHMENT A/ 1

Attachment A 
Project Site Maps 



B
uffalo

Creek

B
uffalo

C
re
e
k

K
n

o
x

A
v

e

B
a

rn
s

d
a

le
A

v
e

D
w

y
e

r
S

t

C
o

ll
in

s
A

v
e

Bradford St

C
o

ll
in

s
A

v
e

K
n

o
x

A
v

e

B
a

rn
s

d
a

le
A

v
e

French Rd

Buffalo Creek

L
ex

in
g

to
n

G
rnG
re

g
o

ry
D

r

Brian
Ln

L
ak

es
id

e
D

r

D
o

ri
s

D
r

M
ineral S

prings
R

d

C
linton

St

B
uffalo

C
re
ek

M
o

rg
o

tt
A

v
e

R
o

y
a

l
C

o
a

c
h

R
d

C
re

s
th

a
v

e
n

D
r

S
te

in
e

r
A

v
e

M
ineral S

prings
R

d

Indian Church Rd

Knox Park

French Rd

C
linton

St

Buffalo Cre
ek109

C
linton

St

!(ááJ áá

N

!#(N!á(N!á(N !á(N

0 500 1,000
Feet

Legend

Special Flood Hazard Areas (SFHAs)
Regulatory Floodway
1% Annual Chance Hazard
0.2% Annual Chance Hazard

Buffalo Creek

Tax Parcels (Public)

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.

A RAMBOLL COMPANY

Town of West Seneca, NY

FEMA Special Flood Hazard
Zones (DFRIM)

FIGURE 1 of 2

Buffalo Creek

!á(N



S
H

e
n

ry
S

t

New York State Thruway

Buffalo Creek

Lexin
g

to
n

G
rn

French Rd

Clinton St
St Matthews

Cemetery

Buffalo
C
reek

Meyer Rd

M
ineral S

prings
R

d

Indian Church Rd

Briar Hill Park

Knox Park

L
y

n
d

a
le

C
t

W
im

b
le

do
n Ct

Center Rd

L
in

d
A

v
e

C
ay
ug
a

Cr

ee
k

J
a

n
e

D
r

Cayuga

C
re

ek
R

d

French Rd

L
o

rr
a

in
e

P
l

O
ld

Unio
n

Rd

Em
pir

e
D

r

U
n

io
n

R
d

Fre
nch Rd

C
linton

St

Buffalo Creek
109

Meyer Rd

W
e

s
t

A
v

e

North Ave

South Ave

Indian Church Rd

Charles
Burchfield

Nature & Art Ctr

Gardenville

571

A
lm

o
n

t
A

v
e

G
re

y
m

o
n

t
A

v
e

F
re

m
o

n
t

A
v

e

W
a

r r
e

n
A

v
e

R
o

s
e

A
v

e

B
ir

c
h

w
o

o
d

A
v

e

Center Rd

Aurora Expy

Mt Hope
Cemetery

H
ill

pi
ne

R
d

R
u

sh
fo

rd
L

n

T
o

w
e

rs
B

lv
d

G ro

el
l

A
v

e

N Seine Dr

Y
v

e
tt

e
D

r

Forest Dr

F
ra

d
in

e
D

r

S Seine Dr

Meadow Dr

G
a

b
ri

e
ll

e
D

r
D

a
n

ie
ll

e
D

r

R
a

c
h

e
ll

e
D

r

Le Havre Dr

C
o

le
tt

e
A

v
e

Marrano Pkwy

N
a

n
c

y
P

l

L
o

is
D

r

Terrace Blvd

French Rd

Eiffel Park

Kelly Park

Buffalo Creek

C
in

d
y

L
n

S
h

a
ro

n
D

r

W
e

ig
a

n
d

S
t

L
o

w
e

ll
L

n

Seneca Creek Rd

N America Dr

New Ebenezer

571

571

S
u

n
n

y
s

id
e

D
r

Center Rd

Aurora Expy

Castlewood Dr

Baywood Dr

Volunteer
Firemans

Memorial Park

Slate Bottom Creek

B
a

rb
a

d
o

s
D

r

P
e

n
w

o
o

d
D

r

M
a

rt
in

iq
u

e
D

r
B

ro
a

d
w

a
y

S
t

Frantzen Ter

B
re

n
tw

o
o

d
D

r

P
e

a
rl

S
t

B
ir

c
h

w
o

o
d

D
r

Bronx Dr

H
il

lw
o

o
d

D
r

McKenzie C t

R
a

n
d

y
W

a
y

B
o

rd
e

n
R

d

French Rd

Dartwood Park

Buffalo Airfield
B
uffalo

Creek

325Seneca Creek Rd

Schultz Rd

C
re

e
k

v
ie

w
D

r

C
ry

s
ta

l
L

n

Clinton St

B
o

rd
e

n
R

d

L
e

in
R

d

571 571 Center Rd L
e

in
R

dAurora Expy

!(ááJ áá

N

!#(N!á(N!á(N !á(N

0 1,500 3,000
Feet

Legend

Buffalo Creek

Project Area (Primary)

Project Area (Secondary)

RAMBOLL AMERICAS
ENGINEERING SOLUTIONS, INC.

A RAMBOLL COMPANY

Town of West Seneca, NY

Project Focus Areas
(Primary and Secondary)

FIGURE 2 of 2

Buffalo Creek

!á(N

North Boston

Hamburg

Angola

Eden

Lackawanna

West Seneca

Buffalo

CATTARAUGUS
RESERVATION

Orchard Park East Aurora

Alden
Cheektowaga



Ramboll - Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
 

 

   
 

ATTACHMENT B/ 1

Attachment B 
Hydrologic & Hydraulic Modeling Technical Memorandum  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 



 
 
 

 
 

ATTACHMENT B/ 2 
 

Date: December 30, 2022  
 

Ramboll 
Harro East Building 
400 Andrews Street, Suite 710 
Rochester, NY 14604 
USA 
 
T 585-295-7700 
F 585-510-3023 
https://ramboll.com 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HYDROLOGIC & HYDRAULIC 
MODELING TECHNICAL 
MEMORANDUM 
 
 
 
 
 
 
 
 
Project name Feasibility & Design of Floodplain Reconnection of Buffalo Creek 
Project no. 1940102804 
Client Buffalo Niagara Waterkeeper 
Memo No. 1 
Version 3 
To Katherine Winkler, Senior Project Manager, Buffalo Niagara Waterkeeper 
From Ramboll Americas Engineering Solutions, Inc. 
Copy to Holly Kistner, Project Manager, Buffalo Niagara Waterkeeper 

Gary Dickson, Town Supervisor, Town of West Seneca 
Amelia Greenan, Deputy Supervisor, Town of West Seneca 
David Johnson, Town Engineer, Clark Patterson Lee (CPL) 

  
Prepared by Kadir Goz 
Checked by Shaun Gannon, P.E., D.WRE, P.H., CFM, PMP 
Approved by Michelle McEntire, PE 
 



 
 
 

 

 
 
 

 

  

ATTACHMENT B /3 
 

Table of Contents 

1 Methodology ...................................................................................................................... 5 
1.1 Model Input Data ............................................................................................................. 5 
1.2 FEMA Hydrologic & Hydraulic (H&H) Model ........................................................................... 6 
1.3 Existing Conditions Model .................................................................................................. 7 
1.4 Boundary Conditions ......................................................................................................... 8 
1.5 Survey Data .................................................................................................................... 8 
1.6 Overbank Modifications ..................................................................................................... 9 
1.7 Flood Bench Scenarios ..................................................................................................... 10 
1.8 Proposed Scenario Modeling .............................................................................................. 13 
1.9 Ice-Jam Analysis ............................................................................................................. 14 
2 Results ............................................................................................................................. 16 
2.1 Effective FEMA versus Existing Conditions Models ................................................................. 16 
2.2 Scenario Modeling Results ................................................................................................ 20 
2.3 Berm Impacts ................................................................................................................. 30 
2.4 Ice-Jam Simulation Results ............................................................................................... 32 
2.5 Bank and Channel Stabilization Features ............................................................................. 46 
3 References ....................................................................................................................... 50 
 
Table of Tables 
Table 1. USGS StreamStats Peak Streamflow for Buffalo Creek. ...................................................... 6 
Table 2. Summary Table of Proposed Flood Bench Configurations ................................................... 12 
Table 3. Summary table of modeled flood bench scenarios. ........................................................... 13 
Table 4. HEC-RAS Model Results for the FEMA FIS 1-Percent Peak Discharge. .................................. 16 
Table 5. Results of the Proposed Conditions Models. ..................................................................... 20 
Table 6. WSELs (feet NAVD88) in the vicinity of Lexington Green for the existing and proposed 
conditions models for the 1-percent AEP event. ........................................................................... 30 
Table 7. WSELs (feet NAVD88) in the vicinity of the berm along Lexington Green for the existing 
and proposed conditions models for the 1-percent AEP event. ....................................................... 32 
Table 8. Results of the existing and proposed conditions models with ice-jams for the 10-, 2-, 1-, 
and 0.2- percent AEP events (10, 50, 100, and 500-year recurrence intervals). ............................... 35 
Table 9. WSELs (feet NAVD88) in the vicinity of Lexington Green for the existing and proposed 
conditions with ice-jam models for the 10-percent AEP event. ....................................................... 35 
Table 10. Existing Conditions Model Results for Channel Maximum Shear Stress and Velocity. ............ 46 
Table 11. Bank and channel stabilization strategies along Buffalo Creek for the 1-percent AEP 
event. ................................................................................................................................... 49 
 
Table of Figures 
Figure 1. FEMA Effective FIS model layout for Buffalo Creek. .......................................................... 7 
Figure 2. Existing conditions model layout from the USACE HEC-RAS model software for Buffalo 
Creek. .................................................................................................................................... 8 
Figure 3. Field survey locations along Buffalo Creek. ..................................................................... 9 
Figure 4. HEC-RAS representation of a blocked obstruction. .......................................................... 10 
Figure 5. Location map of Buffalo Creek and the flood bench scenarios. .......................................... 12 



 
 
 

 

 
 
 

 

  

ATTACHMENT B /4 
 

Figure 6. Example Cross-Section from HEC-RAS Depicting a Flood Bench. ....................................... 14 
Figure 7. Effective FEMA and existing conditions profile plot using the FEMA 1-percent AEP (100-
year recurrence) event peak discharge. ...................................................................................... 17 
Figure 8. Flood extents for the effective FEMA (blue) and existing condition (red) model simulation 
results using the FEMA 1-percent AEP (100-year recurrence) event peak discharge. ......................... 19 
Figure 9. HEC-RAS model profile plots for Flood Bench Scenario #1. ............................................... 21 
Figure 10. HEC-RAS model profile plots for Flood Bench Scenario #2. ............................................. 22 
Figure 11. HEC-RAS model profile plots for Flood Bench Scenario #3. ............................................. 23 
Figure 12. HEC-RAS model profile plots for Flood Bench Scenario #4. ............................................. 24 
Figure 13. HEC-RAS model profile plots for Flood Bench Scenario #5 . ............................................ 25 
Figure 14. HEC-RAS model profile plots for Flood Bench Scenario #6. ............................................. 26 
Figure 15. HEC-RAS model profile plots for Flood Bench Scenario #7. ............................................. 27 
Figure 16. HEC-RAS model profile plots for Flood Bench Scenario #8. ............................................. 28 
Figure 17. HEC-RAS model profile plots for Flood Bench Scenario #9. ............................................. 29 
Figure 18. Flood extents for existing with berm (pink) and existing without berm (green) 
conditions models using the USGS StreamStats 1-percent AEP (100-year recurrence) event peak 
discharge. .............................................................................................................................. 31 
Figure 19. Flood extents for the existing conditions model under open-water (blue) and ice-jam 
(pink) conditions models using the USGS StreamStats 10-percent AEP (10-year recurrence) event 
peak discharge. ...................................................................................................................... 34 
Figure 20. HEC-RAS model profile plots for Flood Bench Scenario #1 under ice cover conditions. ........ 37 
Figure 21. HEC-RAS model profile plots for Flood Bench Scenario #2 under ice cover conditions. ........ 38 
Figure 22. HEC-RAS model profile plots for Flood Bench Scenario #3 under ice cover conditions. ........ 39 
Figure 23. HEC-RAS model profile plots for Flood Bench Scenario #4 under ice cover conditions. ........ 40 
Figure 24. HEC-RAS model profile plots for Flood Bench Scenario #5 under ice cover conditions. ........ 41 
Figure 25. HEC-RAS model profile plots for Flood Bench Scenario #6 under ice cover conditions. ........ 42 
Figure 26. HEC-RAS model profile plots for Flood Bench Scenario #7 under ice cover conditions. ........ 43 
Figure 27. HEC-RAS model profile plots for Flood Bench Scenario #8 under ice cover conditions. ........ 44 
Figure 28. HEC-RAS model profile plots for Flood Bench Scenario #9 under ice cover conditions. ........ 45 
  



 
 
 

 

 
 
 

 

  

ATTACHMENT B /5 
 

1 Methodology 

1.1 Model Input Data 
The following data was obtained and utilized for the H&H modeling efforts: 

 FEMA effective H&H model for Buffalo Creek (FEMA 2021) 
 FEMA peak discharges (FEMA 2021) 
 USGS StreamStats peak discharges (USGS 2021) 
 New York State Digital Ortho-Imagery Program imagery (NYSOITS 2021) 
 National Land Cover Database (NLCD) data (USGS 2021) 
 NYSDOT bridge data (NYSDOT 2019) 
 New York State 1-meter LiDAR digital elevation model (DEM) data with vertical accuracy of 

19.6-centimeters (7.7 inches) in the North American Vertical Datum of 1988 (NAVD88) 
(NYSOITS 2019) 

 
The hydrologic input data that was used by FEMA in the effective Flood Insurance Study (FIS) model 
was a peak discharge calculated using the methodology outlined in USGS Water Resources 
Investigations (WRI) 79-83 “Technique for Estimating Magnitude and Frequency of Flooding in Rural 
Unregulated Streams in New York State excluding Long Island” (USGS 1979), for un-gaged sites on 
gaged streams. This report is obsolete and was replaced in 2006 by Scientific Investigation Report (SIR) 
2006-5112 “Magnitude and Frequency of Flood in New York.”  SIR 2006-5112 forms the bases for the 
current method, USGS Stream Stats, for estimating peak discharges lacking stream measurement 
gages.    
 
Peak discharge data for Buffalo Creek in the effective (FIS) for Erie County, NY (2021); were for the 1-
percent AEP event, also referred to as the 100-year recurrence event, only, which was 16,000 cubic feet 
per second (cfs). To evaluate existing and proposed conditions along Buffalo Creek, it was necessary to 
obtain discharge data for the 50-, 20-, 10-, 2-, 1-, and 0.2- percent AEP (2, 5, 10, 50, 100, and 500-
year recurrence) events. Hydrologic data was obtained from the USGS StreamStats software.  
 
The USGS StreamStats v4.10.1 software (https://streamstats.usgs.gov/ss/) is a map-based web 
application that provides an assortment of analytical tools that are useful for water resources planning 
and management, and engineering purposes. The primary purpose of StreamStats is to provide 
estimates of streamflow statistics for user-selected un-gaged sites on streams and for USGS stream 
gages, which are locations where streamflow data are collected (Ries et al. 2017, USGS 2022). Table 1 
displays the peak streamflow data obtained from StreamStats for Buffalo Creek at the confluence with 
Cayuga Creek. 
 
The StreamStats peak discharge of 13,600 cfs is less than the effective FIS value of 16,000 cfs.  This is 
attributed to StreamStats using updated equations as detailed in SIR 2006-5112.  
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Table 1. USGS StreamStats Peak Streamflow for Buffalo Creek. 
 

Location 

Drainage 
Area  

(sq miles) 

River 
Station  

(ft) 

Peak Discharges (cfs) 

10-Percent 2-Percent 1-Percent 0.2-Percent 

Confluence with 
Cayuga Creek 146 0+00 7,990 11,800 13,600 18,000 

1.2 FEMA Hydrologic & Hydraulic (H&H) Model 
As part of its role under the National Flood Insurance Program (NFIP), FEMA performs hydrologic & 
hydraulic (H&H) analyses and develops H&H models for each studied watershed within a community to 
establish regulatory flood insurance boundaries (i.e., effective FIS). The effective FIS for Buffalo Creek 
was created using the United States Army Corps of Engineers (USACE) Hydrologic Engineering Center 
River Analysis System (HEC-RAS) program (USACE 2021).  
 
According to the FIS for Erie County, NY (2021), the effective FEMA model for Buffalo Creek in the Town 
of West Seneca was originally completed by FEMA in 1976. It was then revised and updated in 1992. 
For the current effective FIS (2021) the 1992 data was remapped using Digital Elevation Models (DEM) 
and ortho-imagery.   
 
For this project, the effective FEMA model was obtained for the project area, which begins at the union 
between Buffalo Creek and Cayuga Creek (river station 0+00) and extends upstream to the Buffalo 
Airfield (river station 205+00) (Figure 2). In Figure 1 below, the blue line represents the centerline of 
Buffalo Creek while the green lines represent the cross-sections in the effective FEMA model. 
Additionally, the numbered labels represent the distance (in feet) along the centerline upstream from 
the union of Buffalo and Cayuga Creeks. 
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Figure 1. FEMA Effective FIS model layout for Buffalo Creek.  

1.3 Existing Conditions Model 
The FEMA effective H&H model was obtained by Ramboll and was one component in the development 
the existing conditions model. Due to the age of the effective FEMA model (first developed in 1976 and 
updated in 1992), most of the data used by FEMA in the model is outdated and potentially inaccurate. 
Therefore, the model used in this study is a combination of DEM data and the effective FIS.   
 
Using LiDAR based DEM and land cover data (both from 2019), the geometry from each cross section in 
the effective FEMA model had the overland and channel geometries cut from the DEM. Manning’s 
roughness vales were assigned based on land cover type (NYSOITS 2019; USGS 2021). Since LiDAR 
does not completely penetrate water and record the channel bottom, the minimum channel elevation of 
each cross section was modified to match the channel elevation from the effective FEMA model (1992) 
or FIS profile plot (2019).  
 
In addition, 12 cross sections were added to the those in the effective FIS model between river stations 
36+50 and 80+00 to provide the necessary starting and ending positions for the different flood bench 
scenarios along the Lexington Green neighborhood. These new cross sections had their overland set to 
the DEM data and the minimum channel elevations were modified to match the minimum channel 
elevation from the effective FIS model profile plot. This updated model is referred to as the existing 
conditions model. Figure 2 displays the existing conditions model layout for Buffalo Creek. The blue 
line represents the centerline of Buffalo Creek while the green lines represent the cross-sections in the 
existing conditions. Additionally, the numbered labels represent the distance (in feet) along the 
centerline upstream from the union of Buffalo and Cayuga Creeks. 
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Figure 2. Existing conditions model layout from the USACE HEC-RAS model software for Buffalo Creek. 

1.4 Boundary Conditions 
The modeling software requires an estimate of the conditions at the downstream boundary of the study 
to solve for water surface elevation at each cross section.  These are referred to as Boundary 
Conditions. The method used in the effective FIS and the existing conditions model was slope, also 
referred to as the normal depth method (FEMA 2021). For this model, the slope between the last three 
cross sections was used and calculated to be 0.00012 ft/ft. 

1.5 Survey Data 
Field staff from Ramboll performed a field visit on November 2, 2022, where overbank and in-channel 
survey data and streambank assessments were performed. Four locations were surveyed due to their 
accessibility, close proximity to the Lexington Green neighborhood, and lack of adequate representation 
in the effective FEMA model layout. Figure 3 displays the field survey locations along Buffalo Creek. 
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Figure 3. Field survey locations along Buffalo Creek. 
 
Field surveys involved field staff using surveying and leveling equipment to measure land surface 
elevations perpendicularly across the creek channel from one overbank area to the other at the four 
identified locations. In addition, stream bank assessments were performed at each location to determine 
the condition and locations of overbank zones (e.g., toe, bank, overbank, transitional, and upland 
zones). 
 
This survey data was used to validate the overbank and channel elevations in the existing conditions 
model and incorporated into the model where significant discrepancies were found by modifying the 
cross-section geometry in the existing conditions model. Attachment B contains the field notes from the 
field staff 

1.6 Overbank Modifications 
Through public engagement and a meeting with Canisius High School, it was identified that the school is 
in the process of constructing two baseball fields, a practice field, and tennis courts in the open area 
adjacent to Buffalo Creek. The site plans and drawings for this construction was provided to Ramboll 
and incorporated into the H&H model for Buffalo Creek. 
 
The new construction includes the placement of fill material in overland areas adjacent to Buffalo Creek.  
To account for this fill the existing conditions model was modified using blocked obstructions.  Blocked 
Obstructions simply “blockout” a portion of the cross-section area preventing water from expanding into 
it. Attachment B contains the site plans for the development. Figure 4 displays the HEC-RAS cross 
section data window where a blocked obstruction was used to represent the proposed development. 
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Figure 4. HEC-RAS representation of a blocked obstruction. 

1.7 Flood Bench Scenarios 
A flood bench (also referred to as floodplain bench or bankfull bench) is a flat area adjacent to the 
stream at some specified elevation constructed to both create an area for flows above a specific 
discharge to spread out, dissipate energy and to provide for sediment and debris deposition. A flood 
bench is effective for reducing flood stages and velocities, improving water quality, reducing stream 
bank erosion, and providing stream bed stability. Attachment C contains a sectional plan view of a flood 
bench. 
 
Potential flood bench locations were identified using input received from the public engagement meeting 
and contact with individual property owners. Highland Planning, LLC (Highland), the public outreach and 
engagement sub-contractor for this project, took the lead in contacting and engaging with property 
owners to gauge interest in being included in this project. A public engagement meeting took place on 

Blocked 
Obstruction 
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August 22, 2022, where project members from Ramboll discussed the project goals and potential 
property owner participation. Based on discussions and participation by the community and property 
owners, six potential flood bench configurations were identified along Buffalo Creek within the project 
area.  
 
In addition, through public engagement and discussions with representatives of Canisius High School, it 
was identified that the school is in the process of constructing two baseball fields, a practice field, and 
tennis courts in the open area adjacent to Buffalo Creek. The site plans and drawings for this 
construction were provided to Ramboll and incorporated into the H&H model for Buffalo Creek. 
Attachment D contains the site plans for the development.  
 
Table 2 summarizes the different identified flood bench configurations with descriptions. Figure 5 
displays the locations and extents of each flood bench scenario, including the proposed development 
locations by the Canisius High School. 
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Table 2. Summary Table of Proposed Flood Bench Configurations  
 

Flood Bench ID Description 

1a Western portion of the Canisius School tax parcel 

1b 
Western portion of the Canisius School tax parcel  

(outside of proposed site plans) 

2 Western portion of the 1904 Union Rd tax parcel 

3 Western portion of the 3099 Clinton Street tax parcel 

4 Western portion of the Transmission Land (Right Bank) tax parcel 

5 Western portion of the Transmission Land (Upstream – Left Bank) tax parcel 

 6 Western portion of the Transmission Land (Downstream - Left Bank) tax parcel 

 

 
Figure 5. Location map of Buffalo Creek and the flood bench scenarios. 
 
Based on the six identified flood bench locations, nine flood bench scenarios of different configurations 
were developed and modeled using the HEC-RAS modeling software. Table 3 outlines the nine flood 
bench scenarios. 
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Table 3. Summary table of modeled flood bench scenarios. 
 

Scenario ID Flood Bench Configurations 

1 1a 

2 1b 

3 1b + 2 

4 2 & 3 

5 1b + 2 + 3 

6 2 + 3 + 4 

7 1b + 2 + 3 + 4 

8 5 + 6 

9 1b + 2 + 3 + 4 + 5 + 6 

1.8 Proposed Scenario Modeling 
Using the HEC-RAS modeling software, proposed conditions models were developed for each flood 
bench configuration based on the existing conditions model. To model each flood bench scenario, cross 
section, that intersected a proposed flood bench in that specified configuration, were modified by 
adjusting the elevation of the overland terrain. Figure 6 displays an example cross section where the 
overbank terrain was modified to represent a flood bench. 
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Figure 6. Example Cross-Section from HEC-RAS Depicting a Flood Bench. 
 

1.9 Ice-Jam Analysis 
An ice jam typically occurs in the late winter and early spring in ice-covered streams when ice 
accumulates at man-made (e.g., bridge piers, dams) or natural narrower or shallower sections or 
meanders of a river slowing down or blocking the incoming ice by bridging the ice across the width of 
the river. Ice-jam flooding presents a complex problem for scientists and engineers since the resulting 
flood stage can be significantly higher than the flood stage caused from streamflow alone. In other 
words, a relatively minor discharge of streamflow can result in a major flooding event during an ice jam 
(USACE 2006). 
 
The ice jam analysis in this study used the 10% ACE (10-yr) to develop an existing condition with 
ice cover model. Ice-jam simulations were performed for each proposed conditions model using the 
built-in Ice Cover settings within the HEC-RAS model software. Based on historical ice jam data, ice 

Flood Bench 

Existing Terrain 
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cover lengths and depths were obtained and input into the model. For the ice-jam simulations, an ice 
cover of 1-ft thickness was used starting from the confluence with Cayuga Creek/Buffalo River (river 
station 0+00) upstream to the Union Road bridge (river station 118+60).   
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2 Results 

2.1 Effective FEMA versus Existing Conditions Models 
 
Based on the modeling simulation results, there is a difference in water surface elevations (WSELs) 
between the effective FEMA and existing conditions models of up to 2.0-feet using the FEMA 1-percent 
AEP peak discharge of 16,000 cfs. Table 4 outlines the results of the effective FEMA and Existing 
Conditions models. Figure 7 displays the profile plot of the effective FEMA and existing conditions model 
results.  
 
Table 4. HEC-RAS Model Results for the FEMA FIS 1-Percent Peak Discharge.  
 

River Station (ft) 
Effective/Existing 

Water Surface Elevation (ft NAVD88) 

Effective FEMA Existing Conditions Difference 
Effective - Existing 

20473/20483 635.1 634.5 0.6 

19313 631.8 631.6 0.2 

18263/18244 629.9 629.9 0.0 

17053 628.0 627.5 0.5 

15733/15751 625.2 624.4 0.8 

14399/14403 623.3 623.0 0.3 

12984/12986 622.1 621.8 0.3 

11955/12162 618.3 619.0 -0.7 

11899/11955 618.2 618.2 0.0 

11850/11860 Union Rd 

11826/11789 617.5 615.9 1.6 

11682/11675 617.5 616.2 1.3 

10330/10302 614.5 613.0 1.6 

9376/9372 610.1 608.1 2.0 

8312 607.8 608.1 -0.3 

8081/8145 606.6 607.7 -1.2 

8050/8049 Railroad Bridge 

8016/7984 606.4 606.6 -0.3 

7906 606.3 - - 

7758 - 606.3 - 

7564 - 605.9 - 

7340 - 605.5 - 

7140/7151 603.3 604.9 -1.6 

6890 - 604.3 - 

6631 - 602.8 - 

6324 - 601.7 - 

6009/6015 599.5 600.0 -0.5 
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River Station (ft) 
Effective/Existing 

Water Surface Elevation (ft NAVD88) 

Effective FEMA Existing Conditions Difference 
Effective - Existing 

5607 - 599.0 - 

5307 - 598.3 - 

5051 - 597.5 - 

4785/4786 597.8 596.7 1.1 

4582 - 595.7 - 

4363 - 594.6 - 

4182 - 594.0 - 

3997 - 593.5 - 

3686/3670 594.0 593.5 0.5 

2949/2921 592.7 591.4 1.3 

1922/1922 591.5 590.8 0.7 

866/833 589.6 590.0 -0.4 

279 588.9 588.9 0.0 

 

 
Figure 7. Effective FEMA and existing conditions profile plot using the FEMA 1-percent AEP (100-year 
recurrence) event peak discharge. 
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The differences between the effective and existing conditions models are a result of multiple factors, 
including: 
 

 Updated overbank and channel geometry using the most current LiDAR DEM available 
 Updated Manning’s n values in the overbank areas to represent land use changes over time in 

the watershed 
 The additional cross-sections in the project area providing more consistent and higher resolution 

hydraulic calculations and output data 
 Difference in versions of the USACE HEC-RAS modeling used for the effective FIS and the 

existing conditions model.   
 
The existing conditions model, developed for this study, was not prepared in accordance with all 
requirements of FEMA Guidelines and Specifications.  Therefore, this model should not be considered the 
bases to challenge the effective Flood Insurance Rate Maps (FIRMs).   
 
Figure 8 displays the flood extents of the effective FEMA and existing conditions model results using the 
FEMA 1-percent AEP event peak discharge. It should be noted that all models used in this study are 1-
dimensional (1D) HEC-RAS models. The flood extent outputs from 1D models are static WSELs that are 
superimposed over the DEM terrain. Any terrain elevation within the model domain that is below the 
WSEL at a given cross-section will appear flooded regardless of the hydrological connectivity of the area 
to the flooding source. 
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Figure 8. Flood extents for the effective FEMA (blue) and existing condition (red) model simulation results using the FEMA 1-percent 
AEP (100-year recurrence) event peak discharge. 
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The largest difference between the effective FEMA and existing conditions model simulations results 
occurs downstream of the Oxbow and in the vicinity of the Lexington Green neighborhood.  Since the 
development of the effective FIS a temporary protective berm was placed to help reduce the risk of 
flooding in the Lexington Green neighborhood.   
 
For regulatory and insurance purposes, the berm along the Lexington green neighborhood is not 
recognized as an official levee since it does not meet the minimum design standards for providing safe, 
reliable flood protection. The minimum design standards include design height for the specified level of 
protection (e.g., 1% AEP/100-year level), overtopping criteria, top width, side slopes, seepage, and 
stability (i.e., foundation protection, erosion and scour protection, etc.).  Therefore, it was considered in 
the developing the effective FIRM nor this study. 

2.2 Scenario Modeling Results 
 
The results of each proposed flood bench scenario modeled in comparison to the existing conditions 
model is summarized in Table 5.  The table represents the maximum difference in water surface 
elevation at any point within the study area. 
 
Table 5. Results of the Proposed Conditions Models. 
 

Scenario ID 
Flood Bench 

Configurations 

Reductions in Water Surface Elevations 

(ft NAVD88) 

10-Percent 2-Percent 1-Percent 0.2-Percent 

1 1a 1.0 1.4 1.5 1.6 

2 1b 0.4 0.6 0.6 0.6 

3 1b + 2 0.8 1.2 1.3 1.3 

4 2 + 3 1.4 1.6 1.6 1.6 

5 1b + 2 + 3 1.4 1.6 1.6 1.6 

6 2 + 3 + 4 1.5 2.0 2.2 2.4 

7 1b + 2 + 3 + 4 1.5 2.0 2.2 2.5 

8 5 + 6 0.6 0.7 0.7 0.7 

9 1b + 2 + 3 + 4 + 5 + 6 1.6 2.2 2.4 2.8 

 
Figures 9 through 17 display the HEC-RAS profile plot results for each flood bench scenario compared to 
the existing conditions WSELs using the USGS StreamStats 10-, 2-, 1-, and 0.2-percent AEP event peak 
discharges.  
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Figure 9. HEC-RAS model profile plots for Flood Bench Scenario #1. 
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Figure 10. HEC-RAS model profile plots for Flood Bench Scenario #2. 
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Figure 11. HEC-RAS model profile plots for Flood Bench Scenario #3. 
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Figure 12. HEC-RAS model profile plots for Flood Bench Scenario #4. 
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Figure 13. HEC-RAS model profile plots for Flood Bench Scenario #5 . 
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Figure 14. HEC-RAS model profile plots for Flood Bench Scenario #6. 
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Figure 15. HEC-RAS model profile plots for Flood Bench Scenario #7. 
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Figure 16. HEC-RAS model profile plots for Flood Bench Scenario #8. 
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Figure 17. HEC-RAS model profile plots for Flood Bench Scenario #9. 
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Table 6 looks specifically at the changes in water surface elevation within the Lexington Green 
neighborhood (river stations 39+97 to 53+07) for the 1-percent AEP event. Results for events that 
occur more frequently (i.e., 10- and 2-percent) can be found in Attachment F. 
 
Table 6. WSELs (feet NAVD88) in the vicinity of Lexington Green for the existing and proposed conditions 
models for the 1-percent AEP event. 
 

 
Water Surface Elevation (ft NAVD88) 

RS 39+97 RS 41+82 RS 43+63 RS 45+82 RS 47+86 RS 50+51 RS 53+07 

Existing Conditions 594.6 594.8 595.1 595.8 596.4 597.0 597.7 
Scenario #1 594.7 595.0 595.6 595.8 596.1 596.3 596.4 
Scenario #2 594.6 594.8 595.5 595.8 596.4 597.0 597.4 
Scenario #3 594.6 594.8 595.5 595.8 596.4 597.0 597.5 
Scenario #4 594.6 594.8 595.1 595.8 596.4 597.0 597.9 
Scenario #5 594.6 594.8 595.5 595.8 596.4 597.0 597.5 
Scenario #6 594.6 594.8 595.1 595.8 596.4 597.0 597.9 
Scenario #7 594.6 594.8 595.5 595.8 596.4 597.0 597.5 
Scenario #8 594.6 594.8 595.1 595.8 596.4 597.0 597.8 
Scenario #9 594.6 594.8 595.5 595.8 596.4 597.0 597.5 
 
Near the Lexington Green neighborhood, WSELs remain unchanged for most of flood bench scenarios. 
Scenario #1 displays the most significant benefits with WSEL reductions of up to 1.3-ft, primarily in the 
upstream portion of Lexington Green. 

2.3 Berm Impacts 
For regulatory and insurance purposes, the berm along the Lexington Green neighborhood is not 
recognized as an official levee since it does not meet the minimum design standards for providing safe, 
reliable flood protection. However, due to the existence of and flood mitigation impacts of the existing 
berm, the project team included the berm in the H&H analysis performed in this study. The berm 
elevation in the existing conditions model was set to 599.5-ft NAVD88 in line with the LiDAR DEM data. 
Figure 18 displays the flood extents for the existing conditions model simulation results with and without 
the berm. 
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Figure 18. Flood extents for existing with berm (pink) and existing without berm (green) conditions 
models using the USGS StreamStats 1-percent AEP (100-year recurrence) event peak discharge. 
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Table 7 summarizes the results for the 1-percent AEP event of the existing and proposed conditions 
modeling for the reach containing the berm along the Lexington Green neighborhood. Results for events 
that occur more frequently (i.e., 10- and 2-percent) can be found in Attachment F. 
 
Table 7. WSELs (feet NAVD88) in the vicinity of the berm along Lexington Green for the existing and 
proposed conditions models for the 1-percent AEP event. 
 

 
Water Surface Elevation (ft NAVD88) 

RS 45+82 RS 47+86 RS 50+51 

Berm Elevation 
(ft NAVD88) 

599.5 599.5 600.5 

Existing Conditions 595.8 596.4 597.0 
Scenario #1 595.8 596.1 596.3 
Scenario #2 595.8 596.4 597.0 
Scenario #3 595.8 596.4 597.0 
Scenario #4 595.8 596.4 597.0 
Scenario #5 595.8 596.4 597.0 
Scenario #6 595.8 596.4 597.0 
Scenario #7 595.8 596.4 597.0 
Scenario #8 595.8 596.4 597.0 
Scenario #9 595.8 596.4 597.0 
 
It is important to note that since the berm was not built to USACE guidelines, the berm does not have 
the appropriate high-ground elevation tie-ins for the upstream and downstream ends of the berm. As a 
result, flood waters from high flow events can circumvent the berm causing flooding to the areas behind 
the berm. In addition, the probability of failure of the berm is high due to the improper construction. 
Once the berm fails, as any levee failure, the resulting damages can be significant and catastrophic. 
Further consultation with the USACE and NYSDEC regarding modifications to the berm or construction of 
a certified levee is recommended. 

2.4 Ice-Jam Simulation Results 
The ice jam analysis in this study used the 10% ACE (10-yr) to develop an existing condition with ice 
cover model simulation at each identified ice-jam susceptible location using the built-in Ice Cover 
settings within the HEC-RAS model software. Where ice cover was modeled in the vicinity of bridges, 
the Ice Jam Computation Option under the Bridge/Culvert Data editor was changed to the option “ice 
remains constant through the bridge” in the HEC-RAS model software (USACE 2021).  
 
Based on historical ice jam data and public engagement, ice cover lengths and depths were obtained 
and input into the model. Manual calibration of the length and depth of the ice cover in the model was 
performed to reproduce historical flood levels caused by ice-jam events along Buffalo Creek in the 
vicinity of Lexington Green. The calibration determined that an ice cover of 1 ft thick and extending 
from the confluence with Cayuga Creek (Buffalo River) upstream to the Union Road bridge reproduced 
the historical flood levels.  
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Using the calibrated ice cover specifications, the existing condition ice-cover simulation model was used 
to test the effectiveness of the flood bench alternatives. Figure 19 displays the flood extents for the 
existing conditions model under open-water (blue) and ice-jam (pink) conditions using the USGS 
StreamStats 10-percent AEP (10-year recurrence) event peak discharge. Where the flood extents for 
the existing conditions model under open-water and ice-jam conditions overlap, the flood extents will 
appear as purple on the figures. 
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Figure 19. Flood extents for the existing conditions model under open-water (blue) and ice-jam (pink) conditions models using the 
USGS StreamStats 10-percent AEP (10-year recurrence) event peak discharge. 
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Table 8 summarizes the model results of each proposed flood bench scenario with an ice-jam in 
comparison to the existing condition with an ice-jam models.  
 
Table 8. Results of the existing and proposed conditions models with ice-jams for the 10-, 2-, 1-, and 0.2- 
percent AEP events (10, 50, 100, and 500-year recurrence intervals). 
 

Scenario 
ID 

Flood Bench 
Configurations 

Reductions in Water Surface Elevations 
(feet NAVD88) 

10-Percent 2-Percent 1-Percent 0.2-Percent 
1 1a 2.8 1.2 1.2 1.2 
2 1b 1.6 0.2 0.1 0.1 
3 1b + 2 1.9 1.5 0.6 0.6 
4 2 + 3 1.5 1.7 1.6 1.6 
5 1b + 2 + 3 1.9 1.7 1.6 1.6 
6 2 + 3 + 4 3.1 2.0 1.8 1.7 
7 1b + 2 + 3 + 4 3.2 2.0 1.8 1.7 
8 5 + 6 1.1 0.5 0.5 0.4 

9 
1b + 2 + 3 + 4 + 5 + 

6 
3.6 2.4 2.3 2.1 

 
Scenario #9 provides the greatest overall flood mitigation benefits under ice-jam conditions in the 
project area with WSEL reductions of up to 3.6-ft. Scenarios #7 and #6 follow with WSEL reductions of 
up to 3.2- and 3.1-ft, respectively. Table 9 summarizes the WSEL results for the 10-percent AEP event 
of the existing and proposed conditions with ice-jam models for the reach along the Lexington Green 
neighborhood (river stations 39+97 to 53+07). Results for higher intensity events that occur less 
frequently (i.e., 2-, 1- and 0.2-percent) can be found in Attachment F. 
 
Table 9. WSELs (feet NAVD88) in the vicinity of Lexington Green for the existing and proposed conditions 
with ice-jam models for the 10-percent AEP event. 
 

 
Water Surface Elevation (ft NAVD88) 

RS 39+97 RS 41+82 RS 43+63 RS 45+82 RS 47+86 RS 50+51 RS 53+07 

Existing Conditions 595.6 596.0 596.5 597.9 599.1 599.9 600.5 
Scenario #1 595.9 596.7 597.1 597.2 597.4 597.5 597.7 
Scenario #2 595.6 596.0 596.5 597.9 598.6 599.1 599.4 
Scenario #3 595.6 596.0 596.6 597.9 598.6 599.0 599.3 
Scenario #4 595.6 596.0 596.5 597.9 599.0 599.7 600.0 
Scenario #5 595.6 596.0 596.6 597.9 598.6 599.0 599.3 
Scenario #6 595.6 596.0 596.5 597.9 599.0 599.7 600.0 
Scenario #7 595.5 596.0 596.5 597.9 598.6 599.0 599.3 
Scenario #8 595.6 596.0 596.5 597.9 599.0 599.8 600.2 
Scenario #9 595.5 596.0 596.5 597.9 598.6 599.0 599.2 
 
In the vicinity of Lexington Green, Scenario #1 provides the greatest flood mitigation benefits under ice-
jam conditions with WSEL reductions of up to 2.8-ft, while Scenarios #9, #7, and #6 follow with 
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reductions of up to 1.3- and 1.2-ft, respectively. Figures 20 through 28 display the HEC-RAS profile plot 
results for the ice-jam simulations of each flood bench scenario compared to the existing conditions 
WSELs using the USGS StreamStats 10-, 2-, 1-, and 0.2-percent AEP event peak discharges. Where the 
flood extents for both the proposed and existing conditions with ice-jam models overlap, the flood 
extents will appear as purple on the figures. 
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Figure 20. HEC-RAS model profile plots for Flood Bench Scenario #1 under ice cover conditions. 
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Figure 21. HEC-RAS model profile plots for Flood Bench Scenario #2 under ice cover conditions. 
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Figure 22. HEC-RAS model profile plots for Flood Bench Scenario #3 under ice cover conditions. 
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Figure 23. HEC-RAS model profile plots for Flood Bench Scenario #4 under ice cover conditions. 
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Figure 24. HEC-RAS model profile plots for Flood Bench Scenario #5 under ice cover conditions. 
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Figure 25. HEC-RAS model profile plots for Flood Bench Scenario #6 under ice cover conditions. 
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Figure 26. HEC-RAS model profile plots for Flood Bench Scenario #7 under ice cover conditions. 
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Figure 27. HEC-RAS model profile plots for Flood Bench Scenario #8 under ice cover conditions. 



 
 
 

 

 
 
 

 

 

ATTACHMENT B /45 
 

 
Figure 28. HEC-RAS model profile plots for Flood Bench Scenario #9 under ice cover conditions. 
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2.5 Bank and Channel Stabilization Features 
Streambank erosion is a natural process that occurs when the forces of flowing water exceed the ability 
of the soil and vegetation to hold the banks in place. The forces that cause erosion increase during flood 
events, and most erosion occurs at these times. Human disturbances to watersheds that increase 
frequency and magnitude of runoff events also increase streambank erosion. Loss of streambank and 
streamside vegetation reduces the resisting forces and makes streambanks more susceptible to erosion. 
This is often the single greatest contributing factor to harmful or accelerated erosion on small and 
medium-size streams (GASWCC 2000). 
 
Streambank stabilization measures work either by reducing the force of flowing water, by increasing the 
resistance of the bank to erosion, or by some combination of both. Generally speaking, there are four 
approaches to streambank protection: 1) the use of vegetation; 2) soil bioengineering; 3) the use of 
rock work in conjunction with plants; and 4) conventional bank armoring (GASWCC 2000). 
 
Bank and channel stabilization features are dependent on two forces: velocity and shear stress. Velocity 
in a waterway is controlled by a number of factors, including friction slope, channel geometry, size of 
sediments on the stream bed, and the discharge (volume) of water passing a point in a unit of time. A 
stream typically reaches its greatest velocity when it is close to flooding over its banks, known as the 
bank-full stage. As soon as the flooding stream overtops its banks and occupies the wide area of its 
flood plain, the water has a much larger area to flow through and the velocity drops significantly. At this 
point, sediment that was being carried by the high-velocity water is deposited near the edge of the 
channel, forming a natural bank or levee (Earle 2019).  
 
Shear stress is the parameter often used as a measure of the stream’s ability to entrain bed material, 
which is created by the friction from water acting on the bed material. Generally, shear stress acts in 
the direction of the flow in a uniform channel as it slides along the channel bed and banks.  
 
Channel shear stress and velocity values were obtained from the existing conditions model simulation 
results (Attachment E). For the reach of Buffalo Creek that runs adjacent to the Lexington Green 
neighborhood between river stations (RS) 40+00 to 65+50, the maximum shear stress and velocity 
value was 1.3 lb/sq ft and 8.7 ft/s for the 1-percent AEP. Table 10 displays the channel maximum shear 
stress (lb/sq ft) and velocity (ft/s) for the existing conditions model. 
 
Table 10. Existing Conditions Model Results for Channel Maximum Shear Stress and Velocity. 
 

River Station 
(ft) 

Channel Maximum Shear Stress (lb/sq ft) Channel Maximum Velocity (ft/s) 

10-
Percent 2-Percent 1-Percent 0.2-

Percent 
10-

Percent 2-Percent 1-Percent 0.2-
Percent 

204+83 0.9 1.2 1.3 1.7 7.1 8.7 9.3 10.5 

193+13 1.3 1.6 1.7 1.9 8.4 9.7 10.2 10.9 

182+44 0.9 1.0 1.0 1.1 7.0 7.7 7.9 8.5 

170+53 0.9 1.2 1.2 1.4 7.3 8.4 8.8 9.7 

157+51 1.1 1.3 1.4 1.6 7.7 8.9 9.3 10.1 
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River Station 
(ft) 

Channel Maximum Shear Stress (lb/sq ft) Channel Maximum Velocity (ft/s) 

10-
Percent 2-Percent 1-Percent 0.2-

Percent 
10-

Percent 2-Percent 1-Percent 0.2-
Percent 

144+03 0.7 0.7 0.7 0.7 6.2 6.5 6.5 6.5 

129+86 0.7 0.6 0.6 0.5 6.2 6.3 6.2 6.1 

121+62 1.3 1.7 1.9 2.0 8.6 10.3 11.0 11.7 

119+55 1.4 1.8 2.0 2.4 9.0 10.6 11.3 12.6 

117+89 1.9 2.6 3.0 4.1 10.1 12.3 13.4 15.8 

116+75 0.9 1.4 1.6 2.2 7.4 9.2 10.1 12.0 

103+02 1.2 1.4 1.4 1.8 7.9 8.9 9.1 10.6 

93+72 2.4 3.0 3.2 2.6 10.7 12.5 13.2 12.4 

83+12 0.2 0.3 0.3 0.4 3.7 4.3 4.6 5.2 

81+45 0.2 0.3 0.4 0.6 3.6 4.8 5.3 6.4 

79+84 0.5 0.8 0.9 1.3 5.2 6.8 7.6 9.3 

77+58 0.6 0.7 0.8 0.9 6.0 6.7 7.0 7.7 

75+64 0.7 0.7 0.7 0.7 6.2 6.4 6.5 6.7 

73+40 0.6 0.6 0.6 0.6 5.7 6.0 6.1 6.2 

71+51 0.7 0.8 0.8 0.6 6.2 6.9 6.9 6.1 

68+90 0.7 0.7 0.6 0.6 6.2 6.2 6.1 6.1 

66+31 0.9 1.1 1.1 1.2 6.7 7.7 8.0 8.6 

63+24 0.6 0.8 0.9 1.2 5.9 7.0 7.4 8.5 

60+15 1.3 1.3 1.3 1.3 8.1 8.5 8.7 9.1 

56+07 0.8 0.9 0.9 0.9 6.7 7.2 7.3 7.8 

53+07 0.6 0.6 0.7 0.8 5.7 6.3 6.6 7.5 

50+51 0.6 0.7 0.8 0.8 5.7 6.6 6.9 7.4 

47+86 0.6 0.8 0.8 0.8 6.0 7.0 7.3 7.6 

45+82 0.7 0.9 0.9 1.0 6.4 7.4 7.7 8.2 

43+63 0.6 0.9 1.0 1.2 6.2 7.4 7.9 8.8 

41+82 0.7 0.9 1.0 1.3 6.2 7.5 8.0 9.2 

39+97 0.6 0.8 1.0 1.3 6.0 7.2 7.8 9.2 

36+70 0.4 0.4 0.4 0.5 5.1 5.2 5.4 5.8 

29+21 0.4 0.5 0.5 0.5 4.9 5.8 6.0 6.2 

19+22 0.1 0.2 0.2 0.2 3.2 3.3 3.5 3.7 

8+33 0.1 0.1 0.1 0.1 2.7 2.8 2.8 3.0 
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River Station 
(ft) 

Channel Maximum Shear Stress (lb/sq ft) Channel Maximum Velocity (ft/s) 

10-
Percent 2-Percent 1-Percent 0.2-

Percent 
10-

Percent 2-Percent 1-Percent 0.2-
Percent 

2+79 0.1 0.1 0.1 0.1 2.8 3.0 3.1 3.3 

 
Table 11 summarizes the bank and channel stabilization strategies that could potentially be employed 
along Buffalo Creek in the vicinity of the Lexington Green neighborhood (RS 40+00 to 66+50) for the 1-
percent AEP event. It should be noted that the identified bank and channel stabilization strategies are 
not intended to represent a fully comprehensive list and are based on the preliminary analysis 
performed in this study. Additional geomorphic research and advanced multi-dimensional open-water 
and ice-jam modeling is recommended to determine the most appropriate strategy for this reach of 
Buffalo Creek. 
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Table 11. Bank and channel stabilization strategies along Buffalo Creek for the 1-percent AEP event. 
 

Measure Type Treatment Type Description of Measure 

Brush Mattress Staked only w/ rock riprap toe 
(grown) 

Brush mattresses slow water velocities along the 
streambank and reduce erosion. The open space 
between the woody material allows for sediment 
deposition and water drainage. The build-up of 

sediment enhances the colonization of native plants. 

Coir Geotextile Roll Roll with Polypropylene rope mesh 
staked and with rock riprap toe 

Coir geotextiles protect land surfaces, help with soil 
stabilization, promote vegetation growth in varying 

slopes, and provide erosion control. 

Gravel/Cobble 12-inch 
Cobble or gravel armor is used to protect a sloping 

bank against fluvial entrainment by flow in the stream 
or over the top of the bank. 

Soil Bioengineering 

Vegetated coir mat Soil bioengineering methods have a common 
geotechnical benefit of providing root reinforcement in 
the soil and can help modify drainage patterns of the 
soil, help stabilize soils at steeper angles if desired, 
help keep grasses, and bushy vegetation in place 

resisting erosion, and support woody debris or other 
types of vegetation. 

Live brush mattress (grown) 

Brush layering (initial/grown) 

Boulder Clusters Small (>10-inch diameter) and 
larger 

Boulder clusters can prevent large buildup of wood 
and reduce flood and bank erosion. 
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Stream Assessment Protocol Form 
Wollman Pebble Col:lnt l:lse aelelitional form LocoHon I 

Step 2 - Bank Vegetation Assessment: Record Percentage of Bank Covered by Ground Cover, record 
presence of absence of roots in, on or exposed. 

C\0 lO 

Stream Edge 
l OD/)/o 

Overbank qo/ ,~ 

) s 

9ro.s~ 

e.xrposed ,oo+5 

?fCX~S I /::µshe_:, lR a:)< 
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Step 3 - Bank Soil Assessment: Count the total number of stratifications, record the total and then 
complete the table to record the type from Table 1 of the instructions and description of relevant 
features. 

Number of total Stratifications _ _...d~----

z 



Step 4- Bank Angle: Select one of the following and record the type in the space provided 

Bank Angle Type Check the appropriate One Below 
Mild (0°-30°) 
Moderate (30°-60°) 
Steep (60°-90°) 
Overhang (> 90°) 

Record the Type per the figure provided in the instructions --~!.....1...:~dui...!:U::.!.f()...:......! ________ _ 

Step S - Evidence of Bank Failure/ Bed Stability: Selected one of the following and record the type and 
provide and relevant description. 

Check the 
Bank Angle Type appropriate Type Description 

One Below 
Low(0-25%) 

Moderate (25 - 50%) 

xl 
5:,rr>e e)(p;>~ rc»f5 , no 

C ~.S\'1 e-fQ:'>~D'() 

High (50- 75%) 

Severe (70 -100%) 

l 



Stream Assessment Protocol Form 
WollR'laA Pebble Co1::1nt 1::1se aelelitional forR'I 5o\V~ '-.ti ?oi n+- 2 

Step 2 - Bank Vegetation Assessment: Record Percentage of Bank Covered by Ground Cover, record 
presence of absence of roots in, on or exposed. 

Zone Percent Coverage Description 
Bank 

Stream Edge 

Overbank 

80)20 ~,os~3/+rcc5 
nv 

Step 3 - Bank Soil Assessment: Count the total number of stratifications, record the total and then 
complete the table to record the type from Table 1 of the instructions and description of relevant 
features. 

Number of total Stratifications __ ; ____ _ 



Step 4 - Bank Angle: Select one of the following and record the type in the space provided 

Bank Angle Type 
Mild (0°-30°) 

Check the appropriate One Below 

Moderate (30° -60°) 
Steep (60°-90°) 
Overhang (> 90°) 

Record the Type per the figure provided in the instructions _\Ll(J~ 1',t,:,.\,L_ __________ _ 

Step 5 - Evidence of Bank Failure/ Bed Stability: Selected one of the following and record the type and 
provide and relevant description. 

Check the 
Bank Angle Type appropriate Type Description 

One Below 
Low (0-25%) 

__)() 110 eipo "Se.d r~ or~;~~ 
cl- r KI> kJ n 

Moderate (25 - 50%) 

High (SO - 75%) 

Severe (70 -100%) 

I 

' 



Stream Assessment Protocol Form ,,. 

WellfflaA Pebble Ceaat ••• a88itieaal 1<>,"'5u1~0-, "()-1 :, ( ~j~ud ) 
Ste2 2- Bank Vegetation Assessment: Record Percentage of Bank £?.red by Ground Cover, record pdet:J 
presence of absence of roots in, on or exposed. 

Zone Percent Coverage Description 
Bank 7ti?:,P 7 t:j/t, ~tel~~) · o feo.J fOOt5 

30' ;,, d,pr/r aJ(. ho> ) fr6M 
r 

o'letrof)t +ree5 ' 
Stream Edge qo/10 CjYG:5~S frOC)l 

Overbank 

9()1 t() ~\~~,kee~ ~o~po~ fcx)b-5 
' ,. . 

Step 3 - Bank Soil Assessment: Count the total number of stratifications, record the total and then 
complete the table to record the type from Table 1 of the instructions and descript ion of relevant 
features. 

Number of total Stratifications I 
-------

Stratification No. Type Description 

I 



Step 4 - Bank Angle: Select one of the following and record the type in the space provided 

Bank Angle Type Check the appropriate One Below 
MIid (0°-30°1 ..xr 
Moderate (30°-60°) 
Steep (60°-90°) '•-t· 

C 

Overhang (> 90°) 

Record the Type per the figure provided in the instructions ....!..1 oi..J::::..::=-------------

Step 5 - Evidence of Bank Failure/ Bed Stability: Selected one of the following and record the type and 
provide and relevant description. 

Bank Angle Type 

Low(0-25%) 

Moderate (25 - 50%) 

Hig!, (SO - 75%) 

Severe (70 - 100%) 

Check the 
appropriate 
One Below 

Type Description 
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Attachment D 
Flood Bench Sectional View 
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Canisius High School Development Project  
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HEC-RAS Model Simulation Output 
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FEMA Effective Model

Plan: Effective_FEMA_BC
Geometry: Effective_FEMA_BC
Steady Flow Data: FEMA FIS 1-Percent
Date: December 2022
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Figure 1: Effective FEMA Profile Plot

ATTACHMENT F/ 3



Figure 2: Effective FEMA Model Terrain Map
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Figure 3: Effective FEMA Model Aerial Map
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Figure 4: Effective FEMA Model Street Map
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Figure 5: Effective FEMA Model Land Cover Map
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Figure 6: FEMA FIS Steady Flow Data
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Table 1: Effective FEMA HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

Effective FEMA 20473 1-Percent 16000 621.4 635.1 630.06 636.15 0.002421 8.44 2339.85 364.14 0.42
Effective FEMA 19313 1-Percent 16000 620.4 631.8 629.79 633.18 0.002643 9.96 2270.58 556.38 0.56
Effective FEMA 18263 1-Percent 16000 617.6 629.86 630.33 0.002285 6.2 3585.57 571.84 0.34
Effective FEMA 17053 1-Percent 16000 615.5 628.01 628.38 0.001161 5.14 3992.91 627.27 0.29
Effective FEMA 15733 1-Percent 16000 612.8 625.18 625.8 0.003874 6.48 2710.14 374.15 0.38
Effective FEMA 14399 1-Percent 16000 610.3 623.27 623.45 0.000921 3.37 4984.12 692.91 0.2
Effective FEMA 12984 1-Percent 16000 608.9 622.13 615.52 622.31 0.000711 3.66 6304.66 1416.74 0.2
Effective FEMA 11955 1-Percent 16000 604.9 618.32 615.38 620.71 0.003356 12.42 1320.64 138.65 0.64
Effective FEMA 11899 1-Percent 16000 605.5 618.21 614.87 620.48 0.002946 12.09 1323.08 134.91 0.61
Effective FEMA 11850 Bridge
Effective FEMA 11826 1-Percent 16000 605.5 617.5 614.88 620.06 0.003606 12.85 1245.2 136.86 0.67
Effective FEMA 11682 1-Percent 16000 602.4 617.5 612.81 618.99 0.003836 9.81 1668.98 147.46 0.49
Effective FEMA 10330 1-Percent 16000 603.2 614.52 615.18 0.001918 6.9 3216.14 636.76 0.43
Effective FEMA 9376 1-Percent 16000 599.6 610.11 610.11 612.22 0.005103 12.63 2118.79 668.68 0.76
Effective FEMA 8312 1-Percent 16000 595.5 607.8 602.4 607.99 0.000636 4.11 5465.65 679.97 0.23
Effective FEMA 8081 1-Percent 16000 592.1 606.56 601.47 607.6 0.000513 8.19 1953.81 253.78 0.42
Effective FEMA 8050 Bridge
Effective FEMA 8016 1-Percent 16000 592.1 606.36 601.5 607.44 0.000544 8.33 1919.76 292.29 0.43
Effective FEMA 7906 1-Percent 16000 595.2 606.33 602.64 607.26 0.001812 8.1 3055.94 898.65 0.46
Effective FEMA 7140 1-Percent 16000 594.7 603.3 602.43 604.88 0.006025 10.26 1845.29 853.03 0.74
Effective FEMA 6009 1-Percent 16000 588.7 599.49 596.72 600.55 0.002488 8.27 1961.97 334.24 0.52
Effective FEMA 4785 1-Percent 16000 582.8 597.84 592.13 598.55 0.001057 6.98 3137.3 1124.05 0.36
Effective FEMA 3686 1-Percent 16000 582.1 593.98 592.25 596.24 0.004861 12.06 1326.56 1152.57 0.73
Effective FEMA 2949 1-Percent 16000 576.6 592.66 587.34 593.56 0.00212 7.9 2612.01 756.55 0.39
Effective FEMA 1922 1-Percent 16000 573.7 591.46 591.81 0.001175 5.64 5434.96 927.57 0.27
Effective FEMA 866 1-Percent 16000 571.5 589.6 584.44 590.45 0.001302 8.04 3784.45 964.76 0.4
Effective FEMA 279 1-Percent 16000 571 588.89 583.32 589.71 0.001201 7.89 2887.44 564.69 0.39
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Table 2: Effective FEMA with USGS StreamStats Discharges HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Scenario

Reach 1 20473 10-Percent 7990 621.4 631.86 627.21 632.43 0.001879 6.06 1357.15 185.89 0.36 Effective FEMA (USGS)
Reach 1 20473 2-Percent 11800 621.4 633.59 628.68 634.42 0.0022 7.37 1814.85 337.27 0.4 Effective FEMA (USGS)
Reach 1 20473 1-Percent 13600 621.4 634.28 629.31 635.2 0.002304 7.86 2050.38 348.33 0.41 Effective FEMA (USGS)
Reach 1 20473 0.2-Percent 18000 621.4 635.68 630.7 636.83 0.002546 8.93 2545.61 430.52 0.44 Effective FEMA (USGS)
Reach 1 19313 10-Percent 7990 620.4 629.04 626.42 629.94 0.002401 7.64 1188.06 371.96 0.5 Effective FEMA (USGS)
Reach 1 19313 2-Percent 11800 620.4 630.46 627.85 631.63 0.002578 8.93 1736.04 393.96 0.54 Effective FEMA (USGS)
Reach 1 19313 1-Percent 13600 620.4 631.06 628.77 632.32 0.002611 9.4 1973.09 435.77 0.55 Effective FEMA (USGS)
Reach 1 19313 0.2-Percent 18000 620.4 632.37 630.34 633.81 0.002617 10.3 2686.88 616.08 0.56 Effective FEMA (USGS)
Reach 1 18263 10-Percent 7990 617.6 626.71 627.1 0.002735 5.31 1958.7 490.71 0.35 Effective FEMA (USGS)
Reach 1 18263 2-Percent 11800 617.6 628.35 628.77 0.002437 5.76 2775.42 505.97 0.34 Effective FEMA (USGS)
Reach 1 18263 1-Percent 13600 617.6 629.03 629.47 0.002368 5.97 3120.59 528.93 0.34 Effective FEMA (USGS)
Reach 1 18263 0.2-Percent 18000 617.6 630.52 631 0.002222 6.37 3962.61 582.35 0.34 Effective FEMA (USGS)
Reach 1 17053 10-Percent 7990 615.5 624.82 625.08 0.00109 4.14 2123.56 507.77 0.28 Effective FEMA (USGS)
Reach 1 17053 2-Percent 11800 615.5 626.46 626.79 0.001151 4.7 3050.49 590.59 0.29 Effective FEMA (USGS)
Reach 1 17053 1-Percent 13600 615.5 627.15 627.5 0.00116 4.91 3461.86 606.87 0.29 Effective FEMA (USGS)
Reach 1 17053 0.2-Percent 18000 615.5 628.69 629.08 0.001157 5.31 4423.83 643.35 0.29 Effective FEMA (USGS)
Reach 1 15733 10-Percent 7990 612.8 622.06 622.48 0.004504 5.23 1595.1 339.76 0.38 Effective FEMA (USGS)
Reach 1 15733 2-Percent 11800 612.8 623.62 624.15 0.004205 5.93 2138.64 356.94 0.39 Effective FEMA (USGS)
Reach 1 15733 1-Percent 13600 612.8 624.3 624.87 0.004065 6.19 2384.91 364.46 0.39 Effective FEMA (USGS)
Reach 1 15733 0.2-Percent 18000 612.8 625.87 626.53 0.003756 6.7 2969.53 381.71 0.38 Effective FEMA (USGS)
Reach 1 14399 10-Percent 7990 610.3 619.59 619.72 0.001125 2.94 2736.44 557.25 0.23 Effective FEMA (USGS)
Reach 1 14399 2-Percent 11800 610.3 621.42 621.58 0.001029 3.18 3784.79 603.21 0.21 Effective FEMA (USGS)
Reach 1 14399 1-Percent 13600 610.3 622.23 622.39 0.000985 3.27 4284.67 642.12 0.21 Effective FEMA (USGS)
Reach 1 14399 0.2-Percent 18000 610.3 624.06 624.24 0.000889 3.45 5542.19 730.19 0.2 Effective FEMA (USGS)
Reach 1 12984 10-Percent 7990 608.9 617.84 613.62 618.05 0.001233 3.67 2389.78 893.91 0.25 Effective FEMA (USGS)
Reach 1 12984 2-Percent 11800 608.9 620.02 614.63 620.21 0.000912 3.67 4326.06 1181.3 0.22 Effective FEMA (USGS)
Reach 1 12984 1-Percent 13600 608.9 620.95 615.06 621.13 0.000811 3.66 5176.31 1272.6 0.21 Effective FEMA (USGS)
Reach 1 12984 0.2-Percent 18000 608.9 623.06 615.87 623.2 0.000601 3.52 8370.15 1572.53 0.18 Effective FEMA (USGS)
Reach 1 11955 10-Percent 7990 604.9 615.01 612.1 616.18 0.002568 8.69 924.84 115.44 0.53 Effective FEMA (USGS)
Reach 1 11955 2-Percent 11800 604.9 616.75 613.77 618.5 0.002969 10.6 1129.59 119.54 0.59 Effective FEMA (USGS)
Reach 1 11955 1-Percent 13600 604.9 617.45 614.48 619.47 0.003147 11.42 1214.02 121.18 0.61 Effective FEMA (USGS)
Reach 1 11955 0.2-Percent 18000 604.9 619.05 616.1 621.72 0.003466 13.14 1411.27 174.44 0.66 Effective FEMA (USGS)
Reach 1 11899 10-Percent 7990 605.5 614.93 611.65 616 0.002119 8.3 962.79 130.86 0.49 Effective FEMA (USGS)
Reach 1 11899 2-Percent 11800 605.5 616.66 613.28 618.28 0.002537 10.24 1152.61 132.99 0.56 Effective FEMA (USGS)
Reach 1 11899 1-Percent 13600 605.5 617.35 613.99 619.25 0.002724 11.07 1228.72 133.85 0.58 Effective FEMA (USGS)
Reach 1 11899 0.2-Percent 18000 605.5 618.92 615.6 621.48 0.003076 12.84 1401.69 135.79 0.63 Effective FEMA (USGS)
Reach 1 11850 Bridge Effective FEMA (USGS)
Reach 1 11826 10-Percent 7990 605.5 614.61 611.66 615.77 0.002395 8.61 928.14 131.85 0.52 Effective FEMA (USGS)
Reach 1 11826 2-Percent 11800 605.5 616.19 613.28 617.97 0.002953 10.71 1101.34 134.59 0.6 Effective FEMA (USGS)
Reach 1 11826 1-Percent 13600 605.5 616.79 614 618.9 0.003231 11.65 1167.3 135.63 0.63 Effective FEMA (USGS)
Reach 1 11826 0.2-Percent 18000 605.5 618.02 615.6 620.99 0.003927 13.82 1302.64 137.77 0.71 Effective FEMA (USGS)
Reach 1 11682 10-Percent 7990 602.4 614.52 609.67 615.17 0.002389 6.46 1244.8 137.5 0.37 Effective FEMA (USGS)
Reach 1 11682 2-Percent 11800 602.4 616.13 611.29 617.16 0.003083 8.14 1470.57 142.89 0.43 Effective FEMA (USGS)
Reach 1 11682 1-Percent 13600 602.4 616.75 611.96 617.98 0.00341 8.88 1560.12 144.97 0.46 Effective FEMA (USGS)
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Table 2: Effective FEMA with USGS StreamStats Discharges HEC-RAS Output (contin-
ued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Scenario

Reach 1 11682 0.2-Percent 18000 602.4 618.05 613.45 619.78 0.0042 10.57 1754.16 166.09 0.52 Effective FEMA (USGS)
Reach 1 10330 10-Percent 7990 603.2 611.97 612.43 0.001675 5.51 1681.17 500.21 0.41 Effective FEMA (USGS)
Reach 1 10330 2-Percent 11800 603.2 613.38 613.93 0.001754 6.17 2513.69 604.81 0.41 Effective FEMA (USGS)
Reach 1 10330 1-Percent 13600 603.2 613.93 614.52 0.001803 6.46 2844.33 615.96 0.42 Effective FEMA (USGS)
Reach 1 10330 0.2-Percent 18000 603.2 615.03 615.73 0.001957 7.17 3547.28 655.76 0.43 Effective FEMA (USGS)
Reach 1 9376 10-Percent 7990 599.6 606.57 606.57 609.01 0.010011 12.55 651.58 155 0.98 Effective FEMA (USGS)
Reach 1 9376 2-Percent 11800 599.6 608.69 608.69 610.92 0.006184 12.33 1297.68 464.97 0.81 Effective FEMA (USGS)
Reach 1 9376 1-Percent 13600 599.6 609.35 609.35 611.54 0.005661 12.51 1638.94 592.59 0.79 Effective FEMA (USGS)
Reach 1 9376 0.2-Percent 18000 599.6 610.54 610.54 612.73 0.005125 13.07 2398.05 784.81 0.77 Effective FEMA (USGS)
Reach 1 8312 10-Percent 7990 595.5 604.23 600.89 604.39 0.000756 3.61 3135.86 632.92 0.25 Effective FEMA (USGS)
Reach 1 8312 2-Percent 11800 595.5 606.11 601.75 606.28 0.000667 3.83 4339.99 653.38 0.23 Effective FEMA (USGS)
Reach 1 8312 1-Percent 13600 595.5 606.9 602.03 607.08 0.000643 3.93 4860.2 665.8 0.23 Effective FEMA (USGS)
Reach 1 8312 0.2-Percent 18000 595.5 608.51 602.74 608.71 0.000631 4.25 5952.7 691.15 0.23 Effective FEMA (USGS)
Reach 1 8081 10-Percent 7990 592.1 603.74 599 604.19 0.000323 5.4 1479.58 233.07 0.32 Effective FEMA (USGS)
Reach 1 8081 2-Percent 11800 592.1 605.28 600.29 606 0.000411 6.79 1738.93 244.39 0.37 Effective FEMA (USGS)
Reach 1 8081 1-Percent 13600 592.1 605.91 600.81 606.75 0.000449 7.38 1844.06 248.98 0.39 Effective FEMA (USGS)
Reach 1 8081 0.2-Percent 18000 592.1 607.06 602.02 608.27 0.000565 8.84 2037.19 257.42 0.45 Effective FEMA (USGS)
Reach 1 8050 Bridge Effective FEMA (USGS)
Reach 1 8016 10-Percent 7990 592.1 603.66 598.99 604.12 0.000333 5.45 1466.03 233.94 0.33 Effective FEMA (USGS)
Reach 1 8016 2-Percent 11800 592.1 605.15 600.28 605.88 0.000429 6.87 1717.01 264.05 0.38 Effective FEMA (USGS)
Reach 1 8016 1-Percent 13600 592.1 605.75 600.81 606.62 0.000472 7.48 1817.67 278.07 0.4 Effective FEMA (USGS)
Reach 1 8016 0.2-Percent 18000 592.1 606.81 602.03 608.07 0.000605 9.02 1995.37 302.82 0.46 Effective FEMA (USGS)
Reach 1 7906 10-Percent 7990 595.2 603.36 600.11 603.99 0.001755 6.38 1284.81 286.01 0.43 Effective FEMA (USGS)
Reach 1 7906 2-Percent 11800 595.2 604.97 601.4 605.78 0.001809 7.35 2134.95 730.62 0.45 Effective FEMA (USGS)
Reach 1 7906 1-Percent 13600 595.2 605.68 601.95 606.51 0.001742 7.58 2600.53 813.62 0.44 Effective FEMA (USGS)
Reach 1 7906 0.2-Percent 18000 595.2 606.83 603.33 607.83 0.001868 8.5 3426.86 972.67 0.47 Effective FEMA (USGS)
Reach 1 7140 10-Percent 7990 594.7 600.63 599.43 601.78 0.005315 8.59 930.3 195.64 0.68 Effective FEMA (USGS)
Reach 1 7140 2-Percent 11800 594.7 601.84 600.65 603.41 0.005866 10.09 1255.46 331.54 0.73 Effective FEMA (USGS)
Reach 1 7140 1-Percent 13600 594.7 602.64 601.26 604.13 0.006453 9.9 1550.2 623.25 0.75 Effective FEMA (USGS)
Reach 1 7140 0.2-Percent 18000 594.7 603.78 602.8 605.44 0.005804 10.58 2105.54 1027.17 0.73 Effective FEMA (USGS)
Reach 1 6009 10-Percent 7990 588.7 596.11 594.44 596.92 0.00342 7.23 1104.75 220.4 0.57 Effective FEMA (USGS)
Reach 1 6009 2-Percent 11800 588.7 598.07 595.55 598.94 0.002619 7.47 1588.04 256.46 0.52 Effective FEMA (USGS)
Reach 1 6009 1-Percent 13600 588.7 598.81 596.01 599.73 0.002442 7.72 1777.71 289.52 0.51 Effective FEMA (USGS)
Reach 1 6009 0.2-Percent 18000 588.7 600.33 597.14 601.42 0.00223 8.39 2205.07 681.84 0.5 Effective FEMA (USGS)
Reach 1 4785 10-Percent 7990 582.8 594.34 589.35 594.77 0.000978 5.29 1534.76 231.35 0.33 Effective FEMA (USGS)
Reach 1 4785 2-Percent 11800 582.8 596.46 590.78 597.03 0.000955 6.1 2102.1 335.63 0.34 Effective FEMA (USGS)
Reach 1 4785 1-Percent 13600 582.8 597.3 591.38 597.9 0.000921 6.32 2781.05 1006.88 0.34 Effective FEMA (USGS)
Reach 1 4785 0.2-Percent 18000 582.8 598.96 592.72 599.63 0.000915 6.91 4099.26 1398.68 0.34 Effective FEMA (USGS)
Reach 1 3686 10-Percent 7990 582.1 592.25 589.39 593.13 0.002378 7.52 1062.29 1099.81 0.5 Effective FEMA (USGS)
Reach 1 3686 2-Percent 11800 582.1 594.23 590.84 595.39 0.002416 8.63 1366.84 1160.4 0.52 Effective FEMA (USGS)
Reach 1 3686 1-Percent 13600 582.1 594.95 591.47 596.26 0.002498 9.18 1482.31 1182.96 0.53 Effective FEMA (USGS)
Reach 1 3686 0.2-Percent 18000 582.1 596.01 592.86 597.84 0.003036 10.88 1721.6 1404.47 0.6 Effective FEMA (USGS)
Reach 1 2949 10-Percent 7990 576.6 591.83 583.94 592.1 0.000685 4.29 2306.47 579.23 0.22 Effective FEMA (USGS)
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Table 2: Effective FEMA with USGS StreamStats Discharges HEC-RAS Output (contin-
ued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Scenario

Reach 1 2949 2-Percent 11800 576.6 593.8 585.69 594.18 0.000832 5.24 3153.84 1214.54 0.25 Effective FEMA (USGS)
Reach 1 2949 1-Percent 13600 576.6 594.52 586.46 594.96 0.000903 5.64 3583.47 1392.58 0.26 Effective FEMA (USGS)
Reach 1 2949 0.2-Percent 18000 576.6 596.08 587.96 596.42 0.00074 5.47 7419.76 1531.34 0.24 Effective FEMA (USGS)
Reach 1 1922 10-Percent 7990 573.7 591.52 591.61 0.000286 2.79 5489.86 928.94 0.13 Effective FEMA (USGS)
Reach 1 1922 2-Percent 11800 573.7 593.51 593.61 0.00031 3.18 7392.46 990.68 0.14 Effective FEMA (USGS)
Reach 1 1922 1-Percent 13600 573.7 594.23 594.34 0.000328 3.36 8115.49 1014.92 0.14 Effective FEMA (USGS)
Reach 1 1922 0.2-Percent 18000 573.7 595.71 595.83 0.000369 3.77 10136.03 1635.61 0.16 Effective FEMA (USGS)
Reach 1 866 10-Percent 7990 571.5 591.24 580.81 591.37 0.000179 3.24 5406.25 1379.65 0.15 Effective FEMA (USGS)
Reach 1 866 2-Percent 11800 571.5 593.22 582.7 593.36 0.000184 3.58 8790.22 2043.24 0.16 Effective FEMA (USGS)
Reach 1 866 1-Percent 13600 571.5 593.94 583.47 594.08 0.000188 3.72 10396.74 2429.35 0.16 Effective FEMA (USGS)
Reach 1 866 0.2-Percent 18000 571.5 595.42 585.09 595.56 0.00019 3.97 14133.19 2539.3 0.16 Effective FEMA (USGS)
Reach 1 279 10-Percent 7990 571 591.18 579.99 591.27 0.00012 2.78 4691.54 1038.63 0.13 Effective FEMA (USGS)
Reach 1 279 2-Percent 11800 571 593.17 581.73 593.26 0.00012 3.02 6871.17 1257.66 0.13 Effective FEMA (USGS)
Reach 1 279 1-Percent 13600 571 593.89 582.44 593.98 0.00012 3.1 7946.67 1792.75 0.13 Effective FEMA (USGS)
Reach 1 279 0.2-Percent 18000 571 595.36 584 595.46 0.00012 3.27 11127.4 2319.49 0.13 Effective FEMA (USGS)
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Existing Conditions Model

Plan: Existing_Conditions_UPDATE_BC
Geometry: Existing_Conditions_UPDATE_BC
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 7: Existing Conditions Model Terrain Map
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Figure 8: Existing Conditions Model Aerial Map
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Figure 9: Existing Conditions Model Street Map
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Figure 10: Existing Conditions Model Land Cover Map
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Figure 11: USGS StreamStats Steady Flow Data
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Figure 12: Existing Conditions Profile Plot
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Table 3: Existing Conditions HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

Existing (USGS) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
Existing (USGS) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
Existing (USGS) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
Existing (USGS) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
Existing (USGS) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
Existing (USGS) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
Existing (USGS) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
Existing (USGS) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
Existing (USGS) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
Existing (USGS) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
Existing (USGS) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
Existing (USGS) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
Existing (USGS) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.27 449.95 0.46
Existing (USGS) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
Existing (USGS) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
Existing (USGS) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
Existing (USGS) 15751 10-Percent 7990 612.8 621.48 622.31 0.002376 7.65 1275.64 297.31 0.5
Existing (USGS) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
Existing (USGS) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.58 360.25 0.54
Existing (USGS) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
Existing (USGS) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.3 539.57 0.4
Existing (USGS) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.7 572.17 0.37
Existing (USGS) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.74 594.17 0.36
Existing (USGS) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
Existing (USGS) 12986 10-Percent 7990 608.9 617.09 617.64 0.001416 6.23 1736.27 495.45 0.39
Existing (USGS) 12986 2-Percent 11800 608.9 619.49 620 0.001016 6.31 3498.64 888.93 0.35
Existing (USGS) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.68 920.06 0.33
Existing (USGS) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
Existing (USGS) 12162 10-Percent 7990 604.9 614.98 616.12 0.002284 8.62 955.8 117.56 0.5
Existing (USGS) 12162 2-Percent 11800 604.9 617.01 618.63 0.002504 10.32 1205.03 134.66 0.55
Existing (USGS) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1326.02 158.14 0.56
Existing (USGS) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
Existing (USGS) 11955 10-Percent 7990 605.5 614.34 611.72 615.59 0.00286 8.95 895.71 113.2 0.56
Existing (USGS) 11955 2-Percent 11800 605.5 616.31 613.35 618.05 0.003008 10.62 1120.3 115.54 0.59
Existing (USGS) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.31 121.14 0.6
Existing (USGS) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
Existing (USGS) 11860 Union Rd Bridge
Existing (USGS) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004409 10.13 789.56 110.22 0.66
Existing (USGS) 11789 2-Percent 11800 605.5 614.77 613.12 617.12 0.005034 12.32 962.04 111.86 0.73
Existing (USGS) 11789 1-Percent 13600 605.5 615.3 613.85 618.08 0.005496 13.38 1021.68 112.36 0.77
Existing (USGS) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
Existing (USGS) 11675 10-Percent 7990 602.4 613.3 614.14 0.001656 7.39 1090.08 125.8 0.43
Existing (USGS) 11675 2-Percent 11800 602.4 614.93 616.25 0.002073 9.24 1299.03 129.76 0.5
Existing (USGS) 11675 1-Percent 13600 602.4 615.51 617.09 0.002307 10.09 1374.63 131.08 0.53
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Table 3: Existing Conditions HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

Existing (USGS) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
Existing (USGS) 10302 10-Percent 7990 603.2 610.26 611.22 0.002817 7.94 1106.57 291.38 0.54
Existing (USGS) 10302 2-Percent 11800 603.2 611.87 609.46 613 0.002633 8.87 1797.88 548.48 0.54
Existing (USGS) 10302 1-Percent 13600 603.2 612.52 610.2 613.66 0.002497 9.09 2170.27 588.78 0.54
Existing (USGS) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
Existing (USGS) 9372 10-Percent 7990 599.6 605.24 604.78 607.03 0.007893 10.72 748.14 158.9 0.86
Existing (USGS) 9372 2-Percent 11800 599.6 606.49 606.07 608.92 0.00795 12.53 955 197.18 0.89
Existing (USGS) 9372 1-Percent 13600 599.6 607 606.96 609.69 0.007957 13.23 1068.29 247.65 0.91
Existing (USGS) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
Existing (USGS) 8312 10-Percent 7990 595.5 605.14 605.3 0.000447 3.66 3982.49 730.2 0.22
Existing (USGS) 8312 2-Percent 11800 595.5 606.69 606.91 0.000496 4.32 5182.56 800.71 0.24
Existing (USGS) 8312 1-Percent 13600 595.5 607.32 607.57 0.000514 4.59 5693.51 807.29 0.25
Existing (USGS) 8312 0.2-Percent 18000 595.5 608.74 609.04 0.000546 5.15 6853.89 828.65 0.26
Existing (USGS) 8145 10-Percent 7990 592.1 605.04 597.15 605.24 0.000278 3.63 2202.52 345.65 0.19
Existing (USGS) 8145 2-Percent 11800 592.1 606.47 598.29 606.82 0.000414 4.77 2471.67 453.22 0.23
Existing (USGS) 8145 1-Percent 13600 592.1 607.04 598.79 607.47 0.000477 5.27 2578.56 465.95 0.25
Existing (USGS) 8145 0.2-Percent 18000 592.1 608.27 599.9 608.91 0.000627 6.4 2810.89 492.36 0.29
Existing (USGS) 8049 Railroad Bridge Bridge
Existing (USGS) 7984 10-Percent 7990 592.1 604.61 599.55 605.03 0.000804 5.23 1554.94 372.48 0.3
Existing (USGS) 7984 2-Percent 11800 592.1 605.76 600.86 606.47 0.001171 6.83 1764.87 507.96 0.37
Existing (USGS) 7984 1-Percent 13600 592.1 606.17 601.43 607.05 0.00136 7.56 1841.3 526.78 0.41
Existing (USGS) 7984 0.2-Percent 18000 592.1 606.97 602.7 608.28 0.001866 9.29 1990.1 563.49 0.48
Existing (USGS) 7758 10-Percent 7990 595 604.09 600.48 604.59 0.001188 5.98 1571.37 590.44 0.37
Existing (USGS) 7758 2-Percent 11800 595 605.32 601.71 605.9 0.001253 6.73 2401.71 885.57 0.38
Existing (USGS) 7758 1-Percent 13600 595 605.76 602.23 606.36 0.001276 7 2722.65 917.78 0.39
Existing (USGS) 7758 0.2-Percent 18000 595 606.62 604.85 607.29 0.001392 7.72 3400.69 1141.81 0.41
Existing (USGS) 7564 10-Percent 7990 594.9 603.55 604.07 0.001331 6.15 1647.47 654.17 0.38
Existing (USGS) 7564 2-Percent 11800 594.9 604.89 605.36 0.001164 6.38 2709.59 899.14 0.37
Existing (USGS) 7564 1-Percent 13600 594.9 605.36 605.81 0.001127 6.48 3143.56 968.77 0.37
Existing (USGS) 7564 0.2-Percent 18000 594.9 606.27 606.71 0.001077 6.72 4186.33 1347.21 0.36
Existing (USGS) 7340 10-Percent 7990 594.8 603.1 603.51 0.001239 5.71 1796.74 632.06 0.37
Existing (USGS) 7340 2-Percent 11800 594.8 604.48 604.87 0.001105 6.03 2955.05 1060.08 0.36
Existing (USGS) 7340 1-Percent 13600 594.8 604.97 605.34 0.001032 6.05 3489.11 1124.56 0.35
Existing (USGS) 7340 0.2-Percent 18000 594.8 605.92 606.27 0.000944 6.16 4762.97 1555.32 0.34
Existing (USGS) 7151 10-Percent 7990 594.7 602.26 602.83 0.001746 6.18 1483.84 452.43 0.43
Existing (USGS) 7151 2-Percent 11800 594.7 603.59 604.23 0.001694 6.89 2380.89 921.79 0.43
Existing (USGS) 7151 1-Percent 13600 594.7 604.15 604.76 0.001543 6.88 3000.98 1347.09 0.42
Existing (USGS) 7151 0.2-Percent 18000 594.7 605.45 605.83 0.000991 6.07 5425.2 2124.72 0.34
Existing (USGS) 6890 10-Percent 7990 593 601.33 598.69 601.9 0.001834 6.22 1454.46 1740.54 0.43
Existing (USGS) 6890 2-Percent 11800 593 602.91 600.03 603.4 0.001356 6.2 2450.65 2170.96 0.39
Existing (USGS) 6890 1-Percent 13600 593 603.55 601.1 604.01 0.001183 6.1 2961 2253.58 0.37
Existing (USGS) 6890 0.2-Percent 18000 593 604.89 602.34 605.32 0.00096 6.05 4024.04 2355.92 0.34
Existing (USGS) 6631 10-Percent 7990 592 600 597.85 600.7 0.002435 6.7 1205.33 234.04 0.49
Existing (USGS) 6631 2-Percent 11800 592 601.48 598.95 602.37 0.002359 7.68 1623.36 394.71 0.5
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Table 3: Existing Conditions HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

Existing (USGS) 6631 1-Percent 13600 592 602.08 599.43 603.05 0.00232 8.04 1823.38 528.99 0.51
Existing (USGS) 6631 0.2-Percent 18000 592 603.42 600.53 604.48 0.002135 8.57 2348.22 702.52 0.5
Existing (USGS) 6324 10-Percent 7990 590.5 598.97 595.72 599.5 0.001478 5.88 1400.44 263.72 0.39
Existing (USGS) 6324 2-Percent 11800 590.5 600.39 596.88 601.12 0.001634 7 1779.79 393.51 0.43
Existing (USGS) 6324 1-Percent 13600 590.5 600.97 597.36 601.8 0.001689 7.44 1938.67 449.81 0.44
Existing (USGS) 6324 0.2-Percent 18000 590.5 602.23 598.58 603.26 0.001812 8.41 2285.02 613.67 0.46
Existing (USGS) 6015 10-Percent 7990 588.7 596.99 597.94 0.003251 8.13 1099.3 283.66 0.58
Existing (USGS) 6015 2-Percent 11800 588.7 598.68 599.65 0.002567 8.49 1624.39 329.87 0.53
Existing (USGS) 6015 1-Percent 13600 588.7 599.36 600.35 0.00239 8.66 1856.92 357.28 0.52
Existing (USGS) 6015 0.2-Percent 18000 588.7 600.9 601.88 0.002007 8.86 2577.6 513.4 0.49
Existing (USGS) 5607 10-Percent 7990 587.3 595.55 592.95 596.15 0.001824 6.71 1344.94 274.28 0.44
Existing (USGS) 5607 2-Percent 11800 587.3 597.54 594.02 598.2 0.001489 7.14 2087.52 440.22 0.42
Existing (USGS) 5607 1-Percent 13600 587.3 598.34 594.71 598.99 0.001374 7.25 2438.43 444.34 0.41
Existing (USGS) 5607 0.2-Percent 18000 587.3 600.02 595.81 600.69 0.00123 7.61 3218.07 495.11 0.39
Existing (USGS) 5307 10-Percent 7990 585.8 594.85 595.32 0.001136 5.73 1523.04 273.7 0.36
Existing (USGS) 5307 2-Percent 11800 585.8 596.95 597.49 0.001006 6.29 2276.17 402.5 0.35
Existing (USGS) 5307 1-Percent 13600 585.8 597.75 598.33 0.000987 6.56 2601.53 409.9 0.35
Existing (USGS) 5307 0.2-Percent 18000 585.8 599.42 600.08 0.000993 7.23 3391.44 515.05 0.36
Existing (USGS) 5051 10-Percent 7990 584.3 594.2 590.41 594.7 0.001202 5.74 1436.22 206.59 0.36
Existing (USGS) 5051 2-Percent 11800 584.3 596.26 591.62 596.91 0.001151 6.57 1948.53 301.22 0.37
Existing (USGS) 5051 1-Percent 13600 584.3 597.06 592.13 597.76 0.00113 6.86 2225.73 360.37 0.37
Existing (USGS) 5051 0.2-Percent 18000 584.3 598.75 593.33 599.52 0.001078 7.39 2838.24 366.48 0.37
Existing (USGS) 4786 10-Percent 7990 582.8 593.61 589.12 594.17 0.001084 5.97 1354.02 162.68 0.35
Existing (USGS) 4786 2-Percent 11800 582.8 595.6 590.5 596.36 0.001161 7.07 1761.02 226.8 0.38
Existing (USGS) 4786 1-Percent 13600 582.8 596.36 591.06 597.2 0.001191 7.49 1953.77 261.47 0.39
Existing (USGS) 4786 0.2-Percent 18000 582.8 597.93 592.42 598.95 0.001261 8.38 2367.37 266.15 0.41
Existing (USGS) 4582 10-Percent 7990 582.7 593.03 589.02 593.66 0.001319 6.37 1278.39 165.23 0.38
Existing (USGS) 4582 2-Percent 11800 582.7 594.99 590.43 595.82 0.001372 7.45 1675.35 219.76 0.41
Existing (USGS) 4582 1-Percent 13600 582.7 595.71 591.03 596.65 0.001416 7.92 1836.98 225.28 0.42
Existing (USGS) 4582 0.2-Percent 18000 582.7 597.16 592.41 598.35 0.00156 9.01 2174.87 252.83 0.45
Existing (USGS) 4363 10-Percent 7990 582.5 592.55 588.33 593.14 0.001221 6.16 1312.26 164.05 0.37
Existing (USGS) 4363 2-Percent 11800 582.5 594.45 589.72 595.28 0.00134 7.37 1652.17 369.96 0.4
Existing (USGS) 4363 1-Percent 13600 582.5 595.14 590.3 596.08 0.00141 7.89 1836.59 549.17 0.42
Existing (USGS) 4363 0.2-Percent 18000 582.5 596.59 591.65 597.72 0.0015 8.82 2375.41 958.21 0.44
Existing (USGS) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
Existing (USGS) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
Existing (USGS) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
Existing (USGS) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
Existing (USGS) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
Existing (USGS) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
Existing (USGS) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
Existing (USGS) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
Existing (USGS) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
Existing (USGS) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 3: Existing Conditions HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

Existing (USGS) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
Existing (USGS) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
Existing (USGS) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
Existing (USGS) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
Existing (USGS) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
Existing (USGS) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
Existing (USGS) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
Existing (USGS) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
Existing (USGS) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
Existing (USGS) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
Existing (USGS) 833 10-Percent 7990 571.5 591.31 591.38 9.4e-05 2.65 5431.72 1295.17 0.11
Existing (USGS) 833 2-Percent 11800 571.5 593.29 593.36 8.9e-05 2.77 8382.02 1690.87 0.11
Existing (USGS) 833 1-Percent 13600 571.5 594.02 594.08 8.8e-05 2.82 9641.88 1774.35 0.11
Existing (USGS) 833 0.2-Percent 18000 571.5 595.51 595.58 8.7e-05 2.96 12526.76 2314.31 0.11
Existing (USGS) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
Existing (USGS) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
Existing (USGS) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
Existing (USGS) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Table 4: Existing Conditions with FEMA FIS Discharges HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Scenario

Reach 1 20483 1-Percent 16000 621.4 634.49 635.94 0.002027 10 1902.02 297.38 0.51 Existing (FIS)
Reach 1 19313 1-Percent 16000 620.4 631.58 633.1 0.002931 10.61 2196.92 494.54 0.59 Existing (FIS)
Reach 1 18244 1-Percent 16000 617.6 629.89 630.65 0.001548 8.22 3422.39 571.57 0.44 Existing (FIS)
Reach 1 17053 1-Percent 16000 615.5 627.48 628.54 0.001986 9.29 3235.15 540.88 0.49 Existing (FIS)
Reach 1 15751 1-Percent 16000 612.8 624.42 625.65 0.002461 9.79 2296.03 369.77 0.54 Existing (FIS)
Reach 1 14403 1-Percent 16000 610.3 623.01 623.44 0.000972 6.57 4412.71 670.73 0.34 Existing (FIS)
Reach 1 12986 1-Percent 16000 608.9 621.83 622.25 0.000722 6.11 5663.96 949.63 0.3 Existing (FIS)
Reach 1 12162 1-Percent 16000 604.9 619.04 615.17 621.08 0.002549 11.65 1632.54 395.32 0.57 Existing (FIS)
Reach 1 11955 1-Percent 16000 605.5 618.24 614.93 620.48 0.003058 12.04 1348.04 142.01 0.61 Existing (FIS)
Reach 1 11860 Union Rd Bridge Existing (FIS)
Reach 1 11789 1-Percent 16000 605.5 615.92 614.75 619.3 0.006124 14.75 1092.44 114.72 0.82 Existing (FIS)
Reach 1 11675 1-Percent 16000 602.4 616.21 618.14 0.002611 11.17 1466.56 132.82 0.57 Existing (FIS)
Reach 1 10302 1-Percent 16000 603.2 612.96 611.35 614.27 0.002757 9.86 2431.17 596.02 0.57 Existing (FIS)
Reach 1 9372 1-Percent 16000 599.6 608.1 608.1 610.5 0.006044 12.77 1397.35 341.9 0.81 Existing (FIS)
Reach 1 8312 1-Percent 16000 595.5 608.11 608.39 0.000535 4.91 6334.83 819.39 0.26 Existing (FIS)
Reach 1 8145 1-Percent 16000 592.1 607.73 599.4 608.27 0.00056 5.91 2708.71 482.19 0.27 Existing (FIS)
Reach 1 8049 Railroad Bridge Bridge Existing (FIS)
Reach 1 7984 1-Percent 16000 592.1 606.64 602.14 607.74 0.00163 8.51 1927.64 539.94 0.45 Existing (FIS)
Reach 1 7758 1-Percent 16000 595 606.25 603.07 606.89 0.001339 7.4 3091.91 1001.87 0.4 Existing (FIS)
Reach 1 7564 1-Percent 16000 594.9 605.87 606.33 0.001108 6.65 3687.74 1186.97 0.37 Existing (FIS)
Reach 1 7340 1-Percent 16000 594.8 605.51 605.87 0.00099 6.14 4162.6 1389.44 0.34 Existing (FIS)
Reach 1 7151 1-Percent 16000 594.7 604.86 605.36 0.001255 6.55 4233.48 1966.17 0.38 Existing (FIS)
Reach 1 6890 1-Percent 16000 593 604.31 601.79 604.74 0.001046 6.06 3557.09 2330.32 0.35 Existing (FIS)
Reach 1 6631 1-Percent 16000 592 602.83 600 603.85 0.00223 8.37 2106.13 583.18 0.5 Existing (FIS)
Reach 1 6324 1-Percent 16000 590.5 601.66 598.06 602.61 0.001773 8.01 2127.67 511.63 0.45 Existing (FIS)
Reach 1 6015 1-Percent 16000 588.7 600.08 601.14 0.002345 9.05 2169.28 467.59 0.52 Existing (FIS)
Reach 1 5607 1-Percent 16000 587.3 599.05 595.34 599.77 0.001421 7.72 2758.5 462.26 0.42 Existing (FIS)
Reach 1 5307 1-Percent 16000 585.8 598.36 599.05 0.00115 7.34 2867.46 477.83 0.38 Existing (FIS)
Reach 1 5051 1-Percent 16000 584.3 597.56 592.8 598.4 0.001299 7.58 2405.07 362.45 0.4 Existing (FIS)
Reach 1 4786 1-Percent 16000 582.8 596.63 591.8 597.72 0.001508 8.55 2023.89 262.26 0.44 Existing (FIS)
Reach 1 4582 1-Percent 16000 582.7 595.66 591.81 596.97 0.001993 9.37 1825.8 224.88 0.49 Existing (FIS)
Reach 1 4363 1-Percent 16000 582.5 594.63 591.05 596.1 0.00232 9.81 1692.86 427.02 0.53 Existing (FIS)
Reach 1 4182 1-Percent 16000 582.4 593.98 590.96 595.62 0.002773 10.34 1587.04 209.32 0.57 Existing (FIS)
Reach 1 3997 1-Percent 16000 582.3 593.47 590.4 595.11 0.002773 10.29 1577.09 200.73 0.57 Existing (FIS)
Reach 1 3670 1-Percent 16000 582.1 593.5 594.22 0.001464 7.78 5004.32 1219.04 0.42 Existing (FIS)
Reach 1 2921 1-Percent 16000 576.6 591.4 592.85 0.002063 9.82 1804.93 424.55 0.51 Existing (FIS)
Reach 1 1922 1-Percent 16000 573.7 590.77 591.3 0.000865 7.13 5846.89 1291.38 0.34 Existing (FIS)
Reach 1 833 1-Percent 16000 571.5 589.95 590.47 0.000671 6.69 4020.65 913.78 0.3 Existing (FIS)
Reach 1 279 1-Percent 16000 571 588.91 583.43 589.75 0.001201 7.96 2885.9 563.54 0.39 Existing (FIS)
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Table 5: Existing Conditions Shear Sress and Velocity HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Shear.Chan Shear.LOB Shear.ROB Shear.Total Vel.Chnl Vel.Left Vel.Right Vel.Total

Ex - SS/VEL 20483 BF 3190 621.4 628.05 0.41 0.05 0.04 0.4 4.61 1.1 0.97 4.59
Ex - SS/VEL 20483 10-Percent 7990 621.4 631.44 0.85 0.09 0.17 0.66 7.14 2.27 2.39 6.95
Ex - SS/VEL 20483 2-Percent 11800 621.4 633.13 1.19 0.12 0.26 0.58 8.71 1.96 3.17 7.85
Ex - SS/VEL 20483 1-Percent 13600 621.4 633.75 1.34 0.2 0.3 0.67 9.3 2.31 3.46 8.08
Ex - SS/VEL 20483 0.2-Percent 18000 621.4 635.05 1.65 0.38 0.4 0.89 10.53 3.27 4.07 8.7
Ex - SS/VEL 19313 BF 3190 620.4 625.93 0.68 0.04 0.05 0.65 5.64 0.86 0.97 5.63
Ex - SS/VEL 19313 10-Percent 7990 620.4 628.71 1.29 0.3 0.11 0.61 8.44 3.21 1.27 7.65
Ex - SS/VEL 19313 2-Percent 11800 620.4 630.2 1.6 0.36 0.34 0.77 9.73 3.98 1.87 7.45
Ex - SS/VEL 19313 1-Percent 13600 620.4 630.82 1.71 0.12 0.45 0.77 10.15 2.55 2.21 7.4
Ex - SS/VEL 19313 0.2-Percent 18000 620.4 632.18 1.89 0.18 0.66 0.76 10.93 1.26 2.87 7.14
Ex - SS/VEL 18244 BF 3190 617.6 623.63 0.57 0.14 0.13 0.47 5.27 2.02 2.16 5.07
Ex - SS/VEL 18244 10-Percent 7990 617.6 626.65 0.85 0.31 0.26 0.41 6.95 3.58 1.51 4.5
Ex - SS/VEL 18244 2-Percent 11800 617.6 628.34 0.96 0.21 0.4 0.53 7.65 2.93 1.95 4.55
Ex - SS/VEL 18244 1-Percent 13600 617.6 629.04 1 0.16 0.46 0.55 7.92 3.17 2.1 4.62
Ex - SS/VEL 18244 0.2-Percent 18000 617.6 630.55 1.1 0.22 0.56 0.61 8.46 2.89 2.4 4.73
Ex - SS/VEL 17053 BF 3190 615.5 621.4 0.55 0.09 0.07 0.31 5.19 1.68 0.6 4.68
Ex - SS/VEL 17053 10-Percent 7990 615.5 624.35 0.93 0.08 0.38 0.43 7.31 1.56 1.34 4.87
Ex - SS/VEL 17053 2-Percent 11800 615.5 625.99 1.15 0.23 0.58 0.58 8.38 1.23 1.74 4.82
Ex - SS/VEL 17053 1-Percent 13600 615.5 626.65 1.24 0.31 0.66 0.65 8.8 1.32 1.89 4.87
Ex - SS/VEL 17053 0.2-Percent 18000 615.5 628.13 1.43 0.44 0.84 0.79 9.65 1.6 2.19 5.01
Ex - SS/VEL 15751 BF 3190 612.8 618.9 0.58 0.06 0.07 0.4 5.26 1.05 1.35 5.05
Ex - SS/VEL 15751 10-Percent 7990 612.8 621.48 1.06 0.34 0.09 0.63 7.65 2.36 3.03 6.26
Ex - SS/VEL 15751 2-Percent 11800 612.8 622.94 1.34 0.55 0.23 0.78 8.9 2.97 1.84 6.71
Ex - SS/VEL 15751 1-Percent 13600 612.8 623.57 1.44 0.64 0.3 0.86 9.34 3.2 1.92 6.85
Ex - SS/VEL 15751 0.2-Percent 18000 612.8 625.09 1.61 0.81 0.48 1.01 10.12 3.63 2.21 7.07
Ex - SS/VEL 14403 BF 3190 610.3 616.39 0.51 0.01 0.15 0.29 4.95 0.31 0.94 3.71
Ex - SS/VEL 14403 10-Percent 7990 610.3 619.25 0.68 0.19 0.33 0.38 6.2 1.4 1.66 3.58
Ex - SS/VEL 14403 2-Percent 11800 610.3 621.12 0.69 0.24 0.4 0.42 6.45 1.86 2.02 3.62
Ex - SS/VEL 14403 1-Percent 13600 610.3 621.93 0.68 0.25 0.42 0.42 6.52 2.04 2.13 3.64
Ex - SS/VEL 14403 0.2-Percent 18000 610.3 623.88 0.65 0.21 0.43 0.38 6.53 2.24 2.29 3.59
Ex - SS/VEL 12986 BF 3190 608.9 613.33 0.61 0.05 0.07 0.45 5.28 0.98 0.44 5.06
Ex - SS/VEL 12986 10-Percent 7990 608.9 617.09 0.68 0.02 0.3 0.31 6.23 1.48 1.25 4.6
Ex - SS/VEL 12986 2-Percent 11800 608.9 619.49 0.64 0.12 0.36 0.25 6.31 0.79 1.47 3.37
Ex - SS/VEL 12986 1-Percent 13600 608.9 620.52 0.6 0.15 0.36 0.26 6.22 0.91 1.5 3.06
Ex - SS/VEL 12986 0.2-Percent 18000 608.9 622.83 0.54 0.19 0.34 0.27 6.07 1.1 1.54 2.72
Ex - SS/VEL 12162 BF 3190 604.9 611.49 0.63 0.04 0.05 0.61 5.66 0.97 0.98 5.65
Ex - SS/VEL 12162 10-Percent 7990 604.9 614.98 1.25 0.31 0.27 1.1 8.62 2.13 3.59 8.36
Ex - SS/VEL 12162 2-Percent 11800 604.9 617.01 1.67 0.33 0.39 1.32 10.32 2.2 4.67 9.79
Ex - SS/VEL 12162 1-Percent 13600 604.9 617.86 1.86 0.28 0.44 1.28 11.01 2.03 5.04 10.26
Ex - SS/VEL 12162 0.2-Percent 18000 604.9 620.19 1.97 0.26 0.47 0.64 11.67 1.46 5.32 8.39
Ex - SS/VEL 11955 BF 3190 605.5 610.92 0.8 0.8 6.2 6.2
Ex - SS/VEL 11955 10-Percent 7990 605.5 614.34 1.4 0.17 0.04 1.33 8.95 2.23 0.87 8.92
Ex - SS/VEL 11955 2-Percent 11800 605.5 616.31 1.83 0.29 0.08 1.68 10.62 3.13 1.27 10.53
Ex - SS/VEL 11955 1-Percent 13600 605.5 617.14 2.01 0.33 0.09 1.82 11.29 3.4 1.43 11.17
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Table 5: Existing Conditions Shear Sress and Velocity HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Shear.Chan Shear.LOB Shear.ROB Shear.Total Vel.Chnl Vel.Left Vel.Right Vel.Total

Ex - SS/VEL 11955 0.2-Percent 18000 605.5 619.16 2.35 0.47 0.13 2.04 12.55 4.5 1.85 12.33
Ex - SS/VEL 11860 Union Rd Bridge
Ex - SS/VEL 11789 BF 3190 605.5 610 1.15 1.15 7.25 7.25
Ex - SS/VEL 11789 10-Percent 7990 605.5 613.21 1.88 0.06 0.13 1.83 10.13 1.06 1.68 10.12
Ex - SS/VEL 11789 2-Percent 11800 605.5 614.77 2.6 0.15 0.31 2.47 12.32 1.86 2.98 12.27
Ex - SS/VEL 11789 1-Percent 13600 605.5 615.3 3.01 0.2 0.39 2.83 13.38 2.18 3.45 13.31
Ex - SS/VEL 11789 0.2-Percent 18000 605.5 616.4 4.05 0.27 0.61 3.67 15.82 2.63 4.47 15.68
Ex - SS/VEL 11675 BF 3190 602.4 610 0.42 0.42 4.63 4.63
Ex - SS/VEL 11675 10-Percent 7990 602.4 613.3 0.92 0.14 0.09 0.86 7.39 1.18 1.72 7.33
Ex - SS/VEL 11675 2-Percent 11800 602.4 614.93 1.35 0.26 0.18 1.23 9.24 1.53 2.6 9.08
Ex - SS/VEL 11675 1-Percent 13600 602.4 615.51 1.59 0.33 0.22 1.43 10.09 1.69 2.89 9.89
Ex - SS/VEL 11675 0.2-Percent 18000 602.4 616.75 2.17 0.41 0.33 1.88 12.02 1.86 3.49 11.69
Ex - SS/VEL 10302 BF 3190 603.2 607.75 0.58 0.17 0.15 0.54 5.16 1.01 2.27 5.08
Ex - SS/VEL 10302 10-Percent 7990 603.2 610.26 1.16 0.15 0.15 0.66 7.94 0.94 3.28 7.22
Ex - SS/VEL 10302 2-Percent 11800 603.2 611.87 1.35 0.26 0.2 0.54 8.87 1.47 1.98 6.56
Ex - SS/VEL 10302 1-Percent 13600 603.2 612.52 1.38 0.34 0.25 0.57 9.09 1.66 2.26 6.27
Ex - SS/VEL 10302 0.2-Percent 18000 603.2 613.23 1.83 0.55 0.42 0.81 10.58 2.16 3.05 6.95
Ex - SS/VEL 9372 BF 3190 599.6 602.64 2.06 2.06 8.98 8.98
Ex - SS/VEL 9372 10-Percent 7990 599.6 605.24 2.36 0.27 0.32 2.28 10.72 2.53 2.82 10.68
Ex - SS/VEL 9372 2-Percent 11800 599.6 606.49 2.99 0.62 0.14 2.36 12.53 4.38 2.74 12.36
Ex - SS/VEL 9372 1-Percent 13600 599.6 607 3.24 0.74 0.24 2.11 13.23 4.95 2.95 12.73
Ex - SS/VEL 9372 0.2-Percent 18000 599.6 608.87 2.62 0.74 0.34 1.02 12.39 5.34 4.4 10.46
Ex - SS/VEL 8312 BF 3190 595.5 601.8 0.16 0.05 0.08 2.84 0.35 1.91
Ex - SS/VEL 8312 10-Percent 7990 595.5 605.14 0.23 0.02 0.12 0.15 3.66 0.85 0.72 2.01
Ex - SS/VEL 8312 2-Percent 11800 595.5 606.69 0.3 0.04 0.18 0.2 4.32 0.86 0.92 2.28
Ex - SS/VEL 8312 1-Percent 13600 595.5 607.32 0.33 0.06 0.2 0.22 4.59 0.95 1 2.39
Ex - SS/VEL 8312 0.2-Percent 18000 595.5 608.74 0.4 0.09 0.26 0.28 5.15 1.18 1.18 2.63
Ex - SS/VEL 8145 BF 3190 592.1 601.8 0.07 0.07 2 2
Ex - SS/VEL 8145 10-Percent 7990 592.1 605.04 0.2 0.2 3.63 3.63
Ex - SS/VEL 8145 2-Percent 11800 592.1 606.47 0.34 0.34 4.77 4.77
Ex - SS/VEL 8145 1-Percent 13600 592.1 607.04 0.4 0.4 5.27 5.27
Ex - SS/VEL 8145 0.2-Percent 18000 592.1 608.27 0.58 0.58 6.4 6.4
Ex - SS/VEL 8049 Railroad Bridge Bridge
Ex - SS/VEL 7984 BF 3190 592.1 601.61 0.19 0.03 0.02 0.18 3.14 0.92 0.73 3.12
Ex - SS/VEL 7984 10-Percent 7990 592.1 604.61 0.46 0.19 0.13 0.42 5.23 2.94 2.28 5.14
Ex - SS/VEL 7984 2-Percent 11800 592.1 605.76 0.75 0.36 0.24 0.69 6.83 4.2 3.16 6.69
Ex - SS/VEL 7984 1-Percent 13600 592.1 606.17 0.9 0.45 0.29 0.83 7.56 4.77 3.52 7.39
Ex - SS/VEL 7984 0.2-Percent 18000 592.1 606.97 1.33 0.71 0.43 1.21 9.29 6.11 4.38 9.04
Ex - SS/VEL 7758 BF 3190 595 601.25 0.3 0.15 0.09 0.27 3.92 2.56 1.78 3.75
Ex - SS/VEL 7758 10-Percent 7990 595 604.09 0.61 0.36 0.05 0.21 5.98 4.51 1.48 5.08
Ex - SS/VEL 7758 2-Percent 11800 595 605.32 0.74 0.45 0.12 0.26 6.73 5.22 2.1 4.91
Ex - SS/VEL 7758 1-Percent 13600 595 605.76 0.79 0.47 0.16 0.29 7 5.45 2.44 5
Ex - SS/VEL 7758 0.2-Percent 18000 595 606.62 0.94 0.45 0.2 0.32 7.72 5.89 2.98 5.29
Ex - SS/VEL 7564 BF 3190 594.9 600.79 0.36 0.12 0.08 0.28 4.25 1.97 1.5 3.93
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Table 5: Existing Conditions Shear Sress and Velocity HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Shear.Chan Shear.LOB Shear.ROB Shear.Total Vel.Chnl Vel.Left Vel.Right Vel.Total

Ex - SS/VEL 7564 10-Percent 7990 594.9 603.55 0.66 0.29 0.06 0.21 6.15 3.68 1.32 4.85
Ex - SS/VEL 7564 2-Percent 11800 594.9 604.89 0.67 0.15 0.13 0.22 6.38 3.52 2.2 4.35
Ex - SS/VEL 7564 1-Percent 13600 594.9 605.36 0.68 0.14 0.16 0.23 6.48 3.4 2.49 4.33
Ex - SS/VEL 7564 0.2-Percent 18000 594.9 606.27 0.71 0.18 0.14 0.21 6.72 3.47 2.83 4.3
Ex - SS/VEL 7340 BF 3190 594.8 600.32 0.36 0.21 0.08 0.29 4.17 2.54 1.59 3.72
Ex - SS/VEL 7340 10-Percent 7990 594.8 603.1 0.58 0.18 0.08 0.22 5.71 3.62 1.78 4.45
Ex - SS/VEL 7340 2-Percent 11800 594.8 604.48 0.61 0.2 0.1 0.19 6.03 3.39 1.98 3.99
Ex - SS/VEL 7340 1-Percent 13600 594.8 604.97 0.6 0.2 0.12 0.2 6.05 3.4 2.17 3.9
Ex - SS/VEL 7340 0.2-Percent 18000 594.8 605.92 0.61 0.22 0.11 0.18 6.16 3.56 2.36 3.78
Ex - SS/VEL 7151 BF 3190 594.7 599.64 0.4 0.01 0.01 0.4 4.29 0.29 0.43 4.29
Ex - SS/VEL 7151 10-Percent 7990 594.7 602.26 0.71 0.06 0.13 0.36 6.18 1.57 1.22 5.38
Ex - SS/VEL 7151 2-Percent 11800 594.7 603.59 0.83 0.13 0.13 0.27 6.89 2.3 1.47 4.96
Ex - SS/VEL 7151 1-Percent 13600 594.7 604.15 0.81 0.16 0.1 0.21 6.88 2.7 1.52 4.53
Ex - SS/VEL 7151 0.2-Percent 18000 594.7 605.45 0.6 0.18 0.1 0.16 6.07 3.13 1.6 3.32
Ex - SS/VEL 6890 BF 3190 593 598.71 0.44 0.44 4.48 4.48
Ex - SS/VEL 6890 10-Percent 7990 593 601.33 0.72 0.09 0.14 0.35 6.22 1.76 2.33 5.49
Ex - SS/VEL 6890 2-Percent 11800 593 602.91 0.67 0.17 0.1 0.26 6.2 2.93 2.07 4.82
Ex - SS/VEL 6890 1-Percent 13600 593 603.55 0.63 0.2 0.13 0.28 6.1 3.26 2.03 4.59
Ex - SS/VEL 6890 0.2-Percent 18000 593 604.89 0.59 0.24 0.19 0.3 6.05 3.82 2.19 4.47
Ex - SS/VEL 6631 BF 3190 592 597.26 0.63 0.63 5.14 5.14
Ex - SS/VEL 6631 10-Percent 7990 592 600 0.87 0.15 0.21 0.82 6.7 2.04 2.61 6.63
Ex - SS/VEL 6631 2-Percent 11800 592 601.48 1.06 0.16 0.34 0.76 7.68 2.4 3.63 7.27
Ex - SS/VEL 6631 1-Percent 13600 592 602.08 1.13 0.24 0.11 0.71 8.04 3.16 2.41 7.46
Ex - SS/VEL 6631 0.2-Percent 18000 592 603.42 1.22 0.39 0.21 0.76 8.57 4.41 3.16 7.67
Ex - SS/VEL 6324 BF 3190 590.5 596.21 0.33 0.33 3.91 3.91
Ex - SS/VEL 6324 10-Percent 7990 590.5 598.97 0.63 0.02 0.07 0.48 5.88 0.65 1.46 5.71
Ex - SS/VEL 6324 2-Percent 11800 590.5 600.39 0.84 0.05 0.21 0.66 7 1.04 2.93 6.63
Ex - SS/VEL 6324 1-Percent 13600 590.5 600.97 0.93 0.06 0.27 0.73 7.44 1.18 3.46 7.02
Ex - SS/VEL 6324 0.2-Percent 18000 590.5 602.23 1.13 0.09 0.41 0.9 8.41 1.5 4.53 7.88
Ex - SS/VEL 6015 BF 3190 588.7 594.44 0.82 0.05 0.03 0.74 6.02 0.98 0.73 5.98
Ex - SS/VEL 6015 10-Percent 7990 588.7 596.99 1.25 0.32 0.27 0.78 8.13 3.66 3.11 7.27
Ex - SS/VEL 6015 2-Percent 11800 588.7 598.68 1.26 0.46 0.38 0.78 8.49 4.72 4.02 7.26
Ex - SS/VEL 6015 1-Percent 13600 588.7 599.36 1.27 0.51 0.37 0.77 8.66 5.1 4.23 7.32
Ex - SS/VEL 6015 0.2-Percent 18000 588.7 600.9 1.26 0.58 0.31 0.62 8.86 5.69 3.8 6.98
Ex - SS/VEL 5607 BF 3190 587.3 592.37 0.66 0.4 0.16 0.54 5.47 3.9 2.18 5.02
Ex - SS/VEL 5607 10-Percent 7990 587.3 595.55 0.81 0.46 0.15 0.55 6.71 4.98 2.89 5.94
Ex - SS/VEL 5607 2-Percent 11800 587.3 597.54 0.85 0.54 0.16 0.44 7.14 5.41 1.73 5.65
Ex - SS/VEL 5607 1-Percent 13600 587.3 598.34 0.85 0.56 0.21 0.47 7.25 5.53 2.01 5.58
Ex - SS/VEL 5607 0.2-Percent 18000 587.3 600.02 0.89 0.48 0.31 0.5 7.61 5.59 2.56 5.59
Ex - SS/VEL 5307 BF 3190 585.8 591.31 0.45 0.12 0.09 0.36 4.61 2 1.64 4.39
Ex - SS/VEL 5307 10-Percent 7990 585.8 594.85 0.57 0.3 0.11 0.39 5.73 3.98 2.69 5.25
Ex - SS/VEL 5307 2-Percent 11800 585.8 596.95 0.63 0.36 0.14 0.35 6.29 4.69 1.92 5.18
Ex - SS/VEL 5307 1-Percent 13600 585.8 597.75 0.67 0.39 0.19 0.39 6.56 4.93 1.96 5.23
Ex - SS/VEL 5307 0.2-Percent 18000 585.8 599.42 0.78 0.23 0.27 0.41 7.23 4.3 2.21 5.31
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Table 5: Existing Conditions Shear Sress and Velocity HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Shear.Chan Shear.LOB Shear.ROB Shear.Total Vel.Chnl Vel.Left Vel.Right Vel.Total

Ex - SS/VEL 5051 BF 3190 584.3 590.43 0.44 0.44 4.5 4.5
Ex - SS/VEL 5051 10-Percent 7990 584.3 594.2 0.58 0.12 0.16 0.52 5.74 1.98 1.19 5.56
Ex - SS/VEL 5051 2-Percent 11800 584.3 596.26 0.7 0.14 0.11 0.46 6.57 2.76 1.37 6.06
Ex - SS/VEL 5051 1-Percent 13600 584.3 597.06 0.74 0.08 0.16 0.43 6.86 2.38 1.77 6.11
Ex - SS/VEL 5051 0.2-Percent 18000 584.3 598.75 0.82 0.18 0.26 0.51 7.39 3.15 2.65 6.34
Ex - SS/VEL 4786 BF 3190 582.8 589.81 0.35 0 0 0.35 4.17 0.13 0.24 4.17
Ex - SS/VEL 4786 10-Percent 7990 582.8 593.61 0.6 0.08 0.12 0.55 5.97 1.55 2.05 5.9
Ex - SS/VEL 4786 2-Percent 11800 582.8 595.6 0.78 0.12 0.11 0.55 7.07 2.27 2.09 6.7
Ex - SS/VEL 4786 1-Percent 13600 582.8 596.36 0.86 0.18 0.09 0.55 7.49 2.87 2.14 6.96
Ex - SS/VEL 4786 0.2-Percent 18000 582.8 597.93 1.03 0.29 0.21 0.68 8.38 3.97 3.25 7.6
Ex - SS/VEL 4582 BF 3190 582.7 589.19 0.45 0.45 4.69 4.69
Ex - SS/VEL 4582 10-Percent 7990 582.7 593.03 0.69 0.16 0.13 0.62 6.37 2.46 2.13 6.25
Ex - SS/VEL 4582 2-Percent 11800 582.7 594.99 0.88 0.16 0.2 0.64 7.45 2.87 2.81 7.04
Ex - SS/VEL 4582 1-Percent 13600 582.7 595.71 0.98 0.22 0.23 0.71 7.92 3.38 2.98 7.4
Ex - SS/VEL 4582 0.2-Percent 18000 582.7 597.16 1.21 0.36 0.18 0.82 9.01 4.51 3.04 8.28
Ex - SS/VEL 4363 BF 3190 582.5 588.59 0.43 0.43 4.56 4.56
Ex - SS/VEL 4363 10-Percent 7990 582.5 592.55 0.64 0.11 0.1 0.59 6.16 1.87 2.04 6.09
Ex - SS/VEL 4363 2-Percent 11800 582.5 594.45 0.86 0.1 0.15 0.65 7.37 2.43 2.93 7.14
Ex - SS/VEL 4363 1-Percent 13600 582.5 595.14 0.97 0.12 0.07 0.53 7.89 2.46 2.11 7.41
Ex - SS/VEL 4363 0.2-Percent 18000 582.5 596.59 1.16 0.11 0.19 0.45 8.82 2.38 3.15 7.58
Ex - SS/VEL 4182 BF 3190 582.4 588.26 0.49 0.49 4.81 4.81
Ex - SS/VEL 4182 10-Percent 7990 582.4 592.31 0.66 0.11 0.12 0.62 6.23 2.12 1.99 6.16
Ex - SS/VEL 4182 2-Percent 11800 582.4 594.17 0.89 0.08 0.16 0.66 7.48 2.31 2.42 7.25
Ex - SS/VEL 4182 1-Percent 13600 582.4 594.83 1.01 0.12 0.1 0.65 8.04 2.26 2.58 7.65
Ex - SS/VEL 4182 0.2-Percent 18000 582.4 596.15 1.29 0.23 0.19 0.76 9.23 2.85 3.11 8.36
Ex - SS/VEL 3997 BF 3190 582.3 587.99 0.43 0.43 4.53 4.53
Ex - SS/VEL 3997 10-Percent 7990 582.3 592.12 0.6 0.08 0.09 0.56 5.95 1.55 1.73 5.91
Ex - SS/VEL 3997 2-Percent 11800 582.3 593.96 0.83 0.13 0.07 0.68 7.22 2.39 2.17 7.09
Ex - SS/VEL 3997 1-Percent 13600 582.3 594.59 0.95 0.06 0.09 0.62 7.82 2.26 1.69 7.54
Ex - SS/VEL 3997 0.2-Percent 18000 582.3 595.81 1.28 0.15 0.22 0.78 9.23 2.17 1.73 8.47
Ex - SS/VEL 3670 BF 3190 582.1 587.49 0.46 0.02 0.06 0.27 4.67 0.55 0.37 4.2
Ex - SS/VEL 3670 10-Percent 7990 582.1 591.97 0.44 0.12 0.09 0.14 5.14 2.49 0.58 2.5
Ex - SS/VEL 3670 2-Percent 11800 582.1 594.03 0.43 0.1 0.14 0.18 5.24 2.38 0.78 2.09
Ex - SS/VEL 3670 1-Percent 13600 582.1 594.75 0.44 0.07 0.17 0.2 5.39 2.09 0.85 2.07
Ex - SS/VEL 3670 0.2-Percent 18000 582.1 596.18 0.5 0.05 0.22 0.23 5.81 1.33 1.01 2.13
Ex - SS/VEL 2921 BF 3190 576.6 587.09 0.18 0.03 0.03 0.17 3.17 1.11 0.95 3.13
Ex - SS/VEL 2921 10-Percent 7990 576.6 591.5 0.36 0.04 0.02 0.13 4.85 1.11 0.81 4.31
Ex - SS/VEL 2921 2-Percent 11800 576.6 593.39 0.49 0.06 0.05 0.1 5.82 1.08 0.57 3.58
Ex - SS/VEL 2921 1-Percent 13600 576.6 594.11 0.52 0.08 0.06 0.11 6.04 1.29 0.63 3.2
Ex - SS/VEL 2921 0.2-Percent 18000 576.6 595.64 0.52 0.12 0.11 0.15 6.15 1.72 0.92 2.79
Ex - SS/VEL 1922 BF 3190 573.7 586.86 0.12 0.01 0.03 0.05 2.68 0.49 0.36 1.64
Ex - SS/VEL 1922 10-Percent 7990 573.7 591.43 0.14 0.04 0.04 0.05 3.15 0.48 0.62 1.19
Ex - SS/VEL 1922 2-Percent 11800 573.7 593.4 0.15 0.05 0.06 0.06 3.34 0.57 0.81 1.26
Ex - SS/VEL 1922 1-Percent 13600 573.7 594.12 0.16 0.05 0.06 0.07 3.45 0.6 0.9 1.31
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Table 5: Existing Conditions Shear Sress and Velocity HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Shear.Chan Shear.LOB Shear.ROB Shear.Total Vel.Chnl Vel.Left Vel.Right Vel.Total

Ex - SS/VEL 1922 0.2-Percent 18000 573.7 595.61 0.18 0.03 0.08 0.07 3.74 0.55 1.07 1.42
Ex - SS/VEL 833 BF 3190 571.5 586.74 0.07 0.01 0.01 0.03 2.18 0.58 0.36 1.79
Ex - SS/VEL 833 10-Percent 7990 571.5 591.31 0.1 0.02 0.02 0.02 2.65 0.53 1.03 1.47
Ex - SS/VEL 833 2-Percent 11800 571.5 593.29 0.1 0.02 0.02 0.03 2.77 0.55 1.17 1.41
Ex - SS/VEL 833 1-Percent 13600 571.5 594.02 0.1 0.02 0.03 0.03 2.82 0.55 1.25 1.41
Ex - SS/VEL 833 0.2-Percent 18000 571.5 595.51 0.11 0.02 0.04 0.03 2.96 0.57 1.42 1.44
Ex - SS/VEL 279 BF 3190 571 586.65 0.08 0 0.01 0.03 2.22 0.21 0.27 1.9
Ex - SS/VEL 279 10-Percent 7990 571 591.21 0.11 0.01 0.02 0.03 2.8 0.7 0.88 1.69
Ex - SS/VEL 279 2-Percent 11800 571 593.19 0.13 0 0.04 0.04 3.04 0.4 1.08 1.71
Ex - SS/VEL 279 1-Percent 13600 571 593.91 0.13 0 0.04 0.03 3.12 0.19 1.19 1.71
Ex - SS/VEL 279 0.2-Percent 18000 571 595.4 0.14 0.01 0.05 0.04 3.29 0.2 1.4 1.61
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FEMA Effective versus Existing Conditions Models

FEMA FIS Peak Discharge for the 1-Percent AEP (100-Year Recurrence) Event
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Figure 13: Effective FEMA versus Existing Conditions Profile Plot (FEMA 1-Percent AEP/100-Year Recurrence
Event Peak Discharges)
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USGS StreamStats Peak Discharges for the 10-, 2-, 1-, & 0.2-Percent AEP (10-, 50-, 100-, &
500-Year Recurrence) Events
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Figure 14: Effective FEMA versus Existing Conditions Profile Plot (USGS StreamStats 10-, 2-, 1-, & 0.2-Percent
AEP Event Peak Discharges)
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Flood Scenario #1

Flood Bench Configuration: 1a

Plan: UPDATE-FB-1A-SCHOOL-FULL
Geometry: UPDATE-FB-1A-SCHOOL-FULL
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 15: Flood Scenario #1 (1a) Profile Plot
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Table 6: Flood Scenario 1 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

1 (1a) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
1 (1a) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
1 (1a) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
1 (1a) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
1 (1a) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
1 (1a) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
1 (1a) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
1 (1a) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
1 (1a) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
1 (1a) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
1 (1a) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
1 (1a) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
1 (1a) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.27 449.95 0.46
1 (1a) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
1 (1a) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
1 (1a) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
1 (1a) 15751 10-Percent 7990 612.8 621.48 622.31 0.002376 7.65 1275.64 297.31 0.5
1 (1a) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
1 (1a) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.58 360.25 0.54
1 (1a) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
1 (1a) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.3 539.57 0.4
1 (1a) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.7 572.17 0.37
1 (1a) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.74 594.17 0.36
1 (1a) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
1 (1a) 12986 10-Percent 7990 608.9 617.09 617.64 0.001416 6.23 1736.27 495.45 0.39
1 (1a) 12986 2-Percent 11800 608.9 619.49 620 0.001016 6.31 3498.64 888.93 0.35
1 (1a) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.68 920.06 0.33
1 (1a) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
1 (1a) 12162 10-Percent 7990 604.9 614.98 616.12 0.002284 8.62 955.8 117.56 0.5
1 (1a) 12162 2-Percent 11800 604.9 617.01 618.63 0.002504 10.32 1205.03 134.66 0.55
1 (1a) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1326.02 158.14 0.56
1 (1a) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
1 (1a) 11955 10-Percent 7990 605.5 614.34 611.72 615.59 0.00286 8.95 895.71 113.2 0.56
1 (1a) 11955 2-Percent 11800 605.5 616.31 613.35 618.05 0.003008 10.62 1120.3 115.54 0.59
1 (1a) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.31 121.14 0.6
1 (1a) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
1 (1a) 11860 Union Rd Bridge
1 (1a) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004409 10.13 789.56 110.22 0.66
1 (1a) 11789 2-Percent 11800 605.5 614.77 613.12 617.12 0.005034 12.32 962.04 111.86 0.73
1 (1a) 11789 1-Percent 13600 605.5 615.3 613.85 618.08 0.005496 13.38 1021.67 112.36 0.77
1 (1a) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
1 (1a) 11675 10-Percent 7990 602.4 613.3 614.14 0.001656 7.39 1090.08 125.8 0.43
1 (1a) 11675 2-Percent 11800 602.4 614.93 616.25 0.002073 9.24 1299.03 129.76 0.5
1 (1a) 11675 1-Percent 13600 602.4 615.51 617.09 0.002307 10.09 1374.62 131.08 0.53

ATTACHMENT F/ 34



Table 6: Flood Scenario 1 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

1 (1a) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
1 (1a) 10302 10-Percent 7990 603.2 610.26 611.22 0.002817 7.94 1106.57 291.38 0.54
1 (1a) 10302 2-Percent 11800 603.2 611.87 609.46 613 0.002633 8.87 1797.94 548.49 0.54
1 (1a) 10302 1-Percent 13600 603.2 612.52 610.2 613.66 0.002497 9.09 2170.55 588.79 0.54
1 (1a) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
1 (1a) 9372 10-Percent 7990 599.6 605.24 604.78 607.03 0.007893 10.72 748.14 158.9 0.86
1 (1a) 9372 2-Percent 11800 599.6 606.49 606.07 608.92 0.007952 12.54 954.92 197.16 0.89
1 (1a) 9372 1-Percent 13600 599.6 607 606.96 609.69 0.007961 13.23 1068.05 247.58 0.91
1 (1a) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
1 (1a) 8312 10-Percent 7990 595.5 605.14 605.3 0.000447 3.66 3982.49 730.2 0.22
1 (1a) 8312 2-Percent 11800 595.5 606.69 606.91 0.000496 4.32 5182.22 800.7 0.24
1 (1a) 8312 1-Percent 13600 595.5 607.32 607.57 0.000515 4.59 5692.82 807.28 0.25
1 (1a) 8312 0.2-Percent 18000 595.5 608.74 609.04 0.000546 5.15 6850.91 828.62 0.26
1 (1a) 8145 10-Percent 7990 592.1 605.04 597.15 605.24 0.000278 3.63 2202.52 345.65 0.19
1 (1a) 8145 2-Percent 11800 592.1 606.47 598.29 606.82 0.000414 4.77 2471.56 453.2 0.23
1 (1a) 8145 1-Percent 13600 592.1 607.04 598.79 607.47 0.000477 5.27 2578.39 465.93 0.25
1 (1a) 8145 0.2-Percent 18000 592.1 608.27 599.9 608.91 0.000627 6.41 2810.19 492.25 0.29
1 (1a) 8049 Railroad Bridge Bridge
1 (1a) 7984 10-Percent 7990 592.1 604.61 599.55 605.03 0.000804 5.23 1554.94 372.48 0.3
1 (1a) 7984 2-Percent 11800 592.1 605.76 600.86 606.47 0.001172 6.83 1764.73 507.94 0.37
1 (1a) 7984 1-Percent 13600 592.1 606.17 601.43 607.05 0.001361 7.56 1841.08 526.75 0.41
1 (1a) 7984 0.2-Percent 18000 592.1 606.97 602.7 608.28 0.001869 9.29 1989.07 563.29 0.48
1 (1a) 7758 10-Percent 7990 595 604.09 600.48 604.59 0.001188 5.98 1571.37 590.44 0.37
1 (1a) 7758 2-Percent 11800 595 605.32 601.71 605.9 0.001254 6.73 2400.96 885.52 0.38
1 (1a) 7758 1-Percent 13600 595 605.76 602.23 606.36 0.001277 7 2721.16 917.66 0.39
1 (1a) 7758 0.2-Percent 18000 595 606.61 604.85 607.29 0.001399 7.74 3392.85 1140.01 0.41
1 (1a) 7564 10-Percent 7990 594.9 603.55 604.07 0.001331 6.15 1647.39 654.14 0.38
1 (1a) 7564 2-Percent 11800 594.9 604.89 605.36 0.001165 6.38 2708.17 898.97 0.37
1 (1a) 7564 1-Percent 13600 594.9 605.35 605.81 0.00113 6.49 3140.66 968.22 0.37
1 (1a) 7564 0.2-Percent 18000 594.9 606.26 606.71 0.001086 6.75 4169.67 1341.51 0.36
1 (1a) 7340 10-Percent 7990 594.8 603.1 603.51 0.00124 5.71 1796.58 631.98 0.37
1 (1a) 7340 2-Percent 11800 594.8 604.47 604.87 0.001106 6.04 2952.53 1059.96 0.36
1 (1a) 7340 1-Percent 13600 594.8 604.97 605.34 0.001035 6.05 3484.37 1123.68 0.35
1 (1a) 7340 0.2-Percent 18000 594.8 605.9 606.26 0.000955 6.19 4736.98 1541.53 0.34
1 (1a) 7151 10-Percent 7990 594.7 602.26 602.83 0.001747 6.18 1483.65 452.35 0.43
1 (1a) 7151 2-Percent 11800 594.7 603.58 604.23 0.001701 6.9 2375.6 919.93 0.43
1 (1a) 7151 1-Percent 13600 594.7 604.14 604.75 0.001556 6.9 2986.11 1329.37 0.42
1 (1a) 7151 0.2-Percent 18000 594.7 605.42 605.81 0.001016 6.13 5358.67 2116.3 0.35
1 (1a) 6890 10-Percent 7990 593 601.33 598.69 601.9 0.001835 6.22 1454 1740.27 0.43
1 (1a) 6890 2-Percent 11800 593 602.9 600.03 603.39 0.001366 6.21 2442.13 2169.69 0.39
1 (1a) 6890 1-Percent 13600 593 603.54 601.1 604 0.001196 6.12 2947.11 2249.49 0.37
1 (1a) 6890 0.2-Percent 18000 593 604.85 602.34 605.29 0.000981 6.1 3991.83 2354.86 0.34
1 (1a) 6631 10-Percent 7990 592 600 597.85 600.69 0.002439 6.7 1204.75 234.01 0.49
1 (1a) 6631 2-Percent 11800 592 601.45 598.95 602.35 0.002393 7.71 1614.88 392.04 0.51
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Table 6: Flood Scenario 1 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

1 (1a) 6631 1-Percent 13600 592 602.04 599.43 603.02 0.002373 8.1 1806.96 512.6 0.51
1 (1a) 6631 0.2-Percent 18000 592 603.33 600.53 604.42 0.00223 8.69 2309.4 653.54 0.51
1 (1a) 6324 10-Percent 7990 590.5 598.96 595.72 599.49 0.001483 5.88 1398.98 263.7 0.39
1 (1a) 6324 2-Percent 11800 590.5 600.33 596.88 601.08 0.001673 7.05 1765.54 378.06 0.43
1 (1a) 6324 1-Percent 13600 590.5 600.89 597.36 601.73 0.001751 7.53 1915.19 446 0.45
1 (1a) 6324 0.2-Percent 18000 590.5 602.06 598.58 603.14 0.001927 8.58 2238.53 548.02 0.48
1 (1a) 6015 10-Percent 7990 588.7 596.86 597.88 0.003538 8.37 1063.46 280.4 0.6
1 (1a) 6015 2-Percent 11800 588.7 598.25 599.41 0.003254 9.21 1485.92 321.31 0.59
1 (1a) 6015 1-Percent 13600 588.7 598.86 600.06 0.003094 9.46 1684.48 334.01 0.59
1 (1a) 6015 0.2-Percent 18000 588.7 600.06 601.41 0.003004 10.23 2157.68 466.24 0.59
1 (1a) 5607 10-Percent 7990 587.3 594.64 592.95 595.5 0.003074 7.96 1112.38 234.54 0.56
1 (1a) 5607 2-Percent 11800 587.3 596.16 594.02 597.21 0.002892 8.92 1523.13 319.78 0.56
1 (1a) 5607 1-Percent 13600 587.3 596.8 594.71 597.94 0.00286 9.35 1759.64 433.84 0.57
1 (1a) 5607 0.2-Percent 18000 587.3 598.23 595.81 599.42 0.002526 9.76 2389.82 443.67 0.55
1 (1a) 5307 10-Percent 7990 585.8 593.81 594.25 0.001435 5.87 1683.7 388.08 0.39
1 (1a) 5307 2-Percent 11800 585.8 595.64 596.09 0.001117 6.05 2401.22 395.31 0.36
1 (1a) 5307 1-Percent 13600 585.8 596.36 596.83 0.001059 6.2 2686.8 398.69 0.35
1 (1a) 5307 0.2-Percent 18000 585.8 597.85 598.38 0.001003 6.65 3289.45 411.86 0.35
1 (1a) 5051 10-Percent 7990 584.3 593.59 593.73 0.000524 3.59 3053.94 701.99 0.24
1 (1a) 5051 2-Percent 11800 584.3 595.55 595.68 0.000367 3.53 4438.55 714.44 0.21
1 (1a) 5051 1-Percent 13600 584.3 596.3 596.43 0.000342 3.59 4976.62 727.51 0.2
1 (1a) 5051 0.2-Percent 18000 584.3 597.85 598 0.000311 3.77 6331.34 1024.74 0.2
1 (1a) 4786 10-Percent 7990 582.8 593.31 593.49 0.000503 3.98 2660.56 493.86 0.24
1 (1a) 4786 2-Percent 11800 582.8 595.3 595.49 0.00042 4.17 3759.63 708.75 0.23
1 (1a) 4786 1-Percent 13600 582.8 596.06 596.26 0.000401 4.27 4338.42 815.28 0.22
1 (1a) 4786 0.2-Percent 18000 582.8 597.63 597.83 0.00037 4.47 5870.64 1102.48 0.22
1 (1a) 4582 10-Percent 7990 582.7 593 593.24 0.000663 4.5 2289.38 436.5 0.27
1 (1a) 4582 2-Percent 11800 582.7 595.04 595.29 0.000535 4.67 3379.07 657.76 0.25
1 (1a) 4582 1-Percent 13600 582.7 595.8 596.06 0.00051 4.78 3975.48 857.58 0.25
1 (1a) 4582 0.2-Percent 18000 582.7 597.39 597.65 0.000467 4.99 5490.17 1094.01 0.25
1 (1a) 4363 10-Percent 7990 582.5 592.75 588.87 592.99 0.000588 4.34 2257.81 365.42 0.26
1 (1a) 4363 2-Percent 11800 582.5 594.79 589.88 595.07 0.000534 4.76 3045.66 632.42 0.25
1 (1a) 4363 1-Percent 13600 582.5 595.55 590.29 595.85 0.000535 4.97 3372.01 846.19 0.26
1 (1a) 4363 0.2-Percent 18000 582.5 597.08 591.13 597.44 0.000552 5.49 4262.28 1253.28 0.27
1 (1a) 4182 10-Percent 7990 582.4 592.35 588.44 592.82 0.001061 5.69 1526.98 219.8 0.34
1 (1a) 4182 2-Percent 11800 582.4 594.28 589.77 594.9 0.001088 6.61 1974.52 320.53 0.36
1 (1a) 4182 1-Percent 13600 582.4 594.97 590.3 595.67 0.001134 7.04 2165.03 449.01 0.37
1 (1a) 4182 0.2-Percent 18000 582.4 596.34 591.45 597.24 0.001268 8.05 2566.77 662.13 0.4
1 (1a) 3997 10-Percent 7990 582.3 592.16 587.76 592.63 0.001002 5.63 1509.42 232.42 0.34
1 (1a) 3997 2-Percent 11800 582.3 594.04 589.24 594.7 0.001082 6.67 1900.75 243.83 0.36
1 (1a) 3997 1-Percent 13600 582.3 594.7 589.77 595.45 0.001156 7.17 2050.82 284.39 0.38
1 (1a) 3997 0.2-Percent 18000 582.3 595.98 591.01 596.99 0.001358 8.35 2395.48 550.38 0.42
1 (1a) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
1 (1a) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 6: Flood Scenario 1 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

1 (1a) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
1 (1a) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
1 (1a) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
1 (1a) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
1 (1a) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
1 (1a) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
1 (1a) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
1 (1a) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
1 (1a) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
1 (1a) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
1 (1a) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
1 (1a) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
1 (1a) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
1 (1a) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
1 (1a) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
1 (1a) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
1 (1a) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
1 (1a) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #2

Flood Bench Configuration: 1b

Plan: UPDATE-FB-1B-SCHOOL-OPEN
Geometry: UPDATE-FB-1B-SCHOOL-OPEN
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 16: Flood Scenario #2 (1b) Profile Plot

ATTACHMENT F/ 39



Table 7: Flood Scenario 2 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

2 (1b) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
2 (1b) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
2 (1b) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
2 (1b) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
2 (1b) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
2 (1b) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
2 (1b) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
2 (1b) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
2 (1b) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
2 (1b) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
2 (1b) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
2 (1b) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
2 (1b) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.27 449.95 0.46
2 (1b) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
2 (1b) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
2 (1b) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
2 (1b) 15751 10-Percent 7990 612.8 621.48 622.31 0.002376 7.65 1275.64 297.31 0.5
2 (1b) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
2 (1b) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.58 360.25 0.54
2 (1b) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
2 (1b) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.3 539.57 0.4
2 (1b) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.7 572.17 0.37
2 (1b) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.74 594.17 0.36
2 (1b) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
2 (1b) 12986 10-Percent 7990 608.9 617.09 617.64 0.001416 6.23 1736.27 495.45 0.39
2 (1b) 12986 2-Percent 11800 608.9 619.49 620 0.001016 6.31 3498.64 888.93 0.35
2 (1b) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.68 920.06 0.33
2 (1b) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
2 (1b) 12162 10-Percent 7990 604.9 614.98 616.12 0.002284 8.62 955.8 117.56 0.5
2 (1b) 12162 2-Percent 11800 604.9 617.01 618.63 0.002504 10.32 1205.03 134.66 0.55
2 (1b) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1326.02 158.14 0.56
2 (1b) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
2 (1b) 11955 10-Percent 7990 605.5 614.34 611.72 615.59 0.00286 8.95 895.71 113.2 0.56
2 (1b) 11955 2-Percent 11800 605.5 616.31 613.35 618.05 0.003008 10.62 1120.3 115.54 0.59
2 (1b) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.31 121.14 0.6
2 (1b) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
2 (1b) 11860 Union Rd Bridge
2 (1b) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004409 10.13 789.56 110.22 0.66
2 (1b) 11789 2-Percent 11800 605.5 614.77 613.12 617.12 0.005034 12.32 962.04 111.86 0.73
2 (1b) 11789 1-Percent 13600 605.5 615.3 613.85 618.08 0.005496 13.38 1021.68 112.36 0.77
2 (1b) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
2 (1b) 11675 10-Percent 7990 602.4 613.3 614.14 0.001656 7.39 1090.08 125.8 0.43
2 (1b) 11675 2-Percent 11800 602.4 614.93 616.25 0.002073 9.24 1299.03 129.76 0.5
2 (1b) 11675 1-Percent 13600 602.4 615.51 617.09 0.002307 10.09 1374.63 131.08 0.53
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Table 7: Flood Scenario 2 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

2 (1b) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
2 (1b) 10302 10-Percent 7990 603.2 610.26 611.22 0.002817 7.94 1106.57 291.38 0.54
2 (1b) 10302 2-Percent 11800 603.2 611.87 609.46 613 0.002633 8.87 1797.94 548.49 0.54
2 (1b) 10302 1-Percent 13600 603.2 612.52 610.2 613.66 0.002497 9.09 2170.41 588.78 0.54
2 (1b) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
2 (1b) 9372 10-Percent 7990 599.6 605.24 604.78 607.03 0.007893 10.72 748.14 158.9 0.86
2 (1b) 9372 2-Percent 11800 599.6 606.49 606.07 608.92 0.007951 12.53 954.94 197.16 0.89
2 (1b) 9372 1-Percent 13600 599.6 607 606.96 609.69 0.007959 13.23 1068.17 247.62 0.91
2 (1b) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
2 (1b) 8312 10-Percent 7990 595.5 605.14 605.3 0.000447 3.66 3982.49 730.2 0.22
2 (1b) 8312 2-Percent 11800 595.5 606.69 606.91 0.000496 4.32 5182.31 800.7 0.24
2 (1b) 8312 1-Percent 13600 595.5 607.32 607.57 0.000514 4.59 5693.11 807.28 0.25
2 (1b) 8312 0.2-Percent 18000 595.5 608.74 609.04 0.000546 5.15 6851.67 828.63 0.26
2 (1b) 8145 10-Percent 7990 592.1 605.04 597.15 605.24 0.000278 3.63 2202.52 345.65 0.19
2 (1b) 8145 2-Percent 11800 592.1 606.47 598.29 606.82 0.000414 4.77 2471.61 453.21 0.23
2 (1b) 8145 1-Percent 13600 592.1 607.04 598.79 607.47 0.000477 5.27 2578.46 465.94 0.25
2 (1b) 8145 0.2-Percent 18000 592.1 608.27 599.9 608.91 0.000627 6.4 2810.36 492.28 0.29
2 (1b) 8049 Railroad Bridge Bridge
2 (1b) 7984 10-Percent 7990 592.1 604.61 599.55 605.03 0.000804 5.23 1554.94 372.48 0.3
2 (1b) 7984 2-Percent 11800 592.1 605.76 600.86 606.47 0.001171 6.83 1764.79 507.95 0.37
2 (1b) 7984 1-Percent 13600 592.1 606.17 601.43 607.05 0.001361 7.56 1841.14 526.76 0.41
2 (1b) 7984 0.2-Percent 18000 592.1 606.97 602.7 608.28 0.001868 9.29 1989.32 563.34 0.48
2 (1b) 7758 10-Percent 7990 595 604.09 600.48 604.59 0.001188 5.98 1571.34 590.41 0.37
2 (1b) 7758 2-Percent 11800 595 605.32 601.71 605.9 0.001254 6.73 2401.23 885.54 0.38
2 (1b) 7758 1-Percent 13600 595 605.76 602.23 606.36 0.001277 7 2721.66 917.7 0.39
2 (1b) 7758 0.2-Percent 18000 595 606.61 604.85 607.29 0.001397 7.73 3394.85 1140.43 0.41
2 (1b) 7564 10-Percent 7990 594.9 603.55 604.07 0.001331 6.15 1647.43 654.15 0.38
2 (1b) 7564 2-Percent 11800 594.9 604.89 605.36 0.001165 6.38 2708.66 899.03 0.37
2 (1b) 7564 1-Percent 13600 594.9 605.35 605.81 0.001129 6.49 3141.55 968.39 0.37
2 (1b) 7564 0.2-Percent 18000 594.9 606.26 606.71 0.001083 6.74 4174.01 1343 0.36
2 (1b) 7340 10-Percent 7990 594.8 603.1 603.51 0.00124 5.71 1796.62 632 0.37
2 (1b) 7340 2-Percent 11800 594.8 604.47 604.87 0.001106 6.04 2953.43 1060 0.36
2 (1b) 7340 1-Percent 13600 594.8 604.97 605.34 0.001034 6.05 3485.81 1123.95 0.35
2 (1b) 7340 0.2-Percent 18000 594.8 605.91 606.26 0.000952 6.19 4743.76 1545.29 0.34
2 (1b) 7151 10-Percent 7990 594.7 602.26 602.83 0.001747 6.18 1483.73 452.38 0.43
2 (1b) 7151 2-Percent 11800 594.7 603.58 604.23 0.001698 6.89 2377.46 920.58 0.43
2 (1b) 7151 1-Percent 13600 594.7 604.14 604.75 0.001552 6.9 2990.74 1334.92 0.42
2 (1b) 7151 0.2-Percent 18000 594.7 605.42 605.82 0.001009 6.11 5376.38 2118.76 0.35
2 (1b) 6890 10-Percent 7990 593 601.33 598.69 601.9 0.001835 6.22 1454.23 1740.4 0.43
2 (1b) 6890 2-Percent 11800 593 602.9 600.03 603.4 0.001363 6.21 2445.15 2170.14 0.39
2 (1b) 6890 1-Percent 13600 593 603.54 601.1 604 0.001192 6.11 2951.45 2250.88 0.37
2 (1b) 6890 0.2-Percent 18000 593 604.86 602.34 605.29 0.000975 6.09 4000.39 2355.14 0.34
2 (1b) 6631 10-Percent 7990 592 600 597.85 600.7 0.002437 6.7 1205.05 234.02 0.49
2 (1b) 6631 2-Percent 11800 592 601.46 598.95 602.36 0.002381 7.7 1617.87 392.59 0.51
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Table 7: Flood Scenario 2 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

2 (1b) 6631 1-Percent 13600 592 602.05 599.43 603.03 0.002356 8.08 1812.13 514.37 0.51
2 (1b) 6631 0.2-Percent 18000 592 603.36 600.53 604.43 0.002204 8.66 2319.91 666.39 0.51
2 (1b) 6324 10-Percent 7990 590.5 598.96 595.72 599.5 0.00148 5.88 1399.73 263.71 0.39
2 (1b) 6324 2-Percent 11800 590.5 600.35 596.88 601.1 0.001659 7.03 1770.58 383.81 0.43
2 (1b) 6324 1-Percent 13600 590.5 600.91 597.36 601.75 0.00173 7.5 1923.18 447.3 0.44
2 (1b) 6324 0.2-Percent 18000 590.5 602.11 598.58 603.17 0.001895 8.53 2251.35 569.17 0.47
2 (1b) 6015 10-Percent 7990 588.7 596.9 597.9 0.003452 8.3 1073.82 281.35 0.59
2 (1b) 6015 2-Percent 11800 588.7 598.46 599.53 0.002888 8.84 1554.37 325.26 0.56
2 (1b) 6015 1-Percent 13600 588.7 599.08 600.18 0.002755 9.09 1759.31 340.31 0.56
2 (1b) 6015 0.2-Percent 18000 588.7 600.44 601.61 0.002503 9.59 2342.88 504.47 0.54
2 (1b) 5607 10-Percent 7990 587.3 595.13 592.95 595.84 0.002302 7.24 1232.57 263.32 0.49
2 (1b) 5607 2-Percent 11800 587.3 596.97 594.02 597.78 0.001975 7.87 1834.76 436.41 0.47
2 (1b) 5607 1-Percent 13600 587.3 597.71 594.71 598.53 0.001827 8.01 2161.59 441.01 0.46
2 (1b) 5607 0.2-Percent 18000 587.3 599.22 595.81 600.09 0.001674 8.47 2839.49 465.28 0.45
2 (1b) 5307 10-Percent 7990 585.8 594.63 594.95 0.000921 5.06 1908.79 357.47 0.32
2 (1b) 5307 2-Percent 11800 585.8 596.64 597 0.000755 5.34 2677.86 400.4 0.3
2 (1b) 5307 1-Percent 13600 585.8 597.41 597.78 0.000734 5.54 2985.7 406.32 0.3
2 (1b) 5307 0.2-Percent 18000 585.8 598.91 599.36 0.000761 6.16 3660.58 492.19 0.31
2 (1b) 5051 10-Percent 7990 584.3 594.17 594.49 0.000854 4.82 1895.88 320.29 0.31
2 (1b) 5051 2-Percent 11800 584.3 596.23 596.6 0.000742 5.26 2565.43 331.57 0.3
2 (1b) 5051 1-Percent 13600 584.3 597 597.4 0.000734 5.5 2867.61 477.89 0.3
2 (1b) 5051 0.2-Percent 18000 584.3 598.52 598.97 0.000717 5.95 3779.32 711.64 0.3
2 (1b) 4786 10-Percent 7990 582.8 593.59 594.05 0.000961 5.61 1529.04 204.32 0.33
2 (1b) 4786 2-Percent 11800 582.8 595.59 596.19 0.000971 6.46 2116.7 457.63 0.34
2 (1b) 4786 1-Percent 13600 582.8 596.36 596.98 0.00096 6.72 2506.75 576.63 0.35
2 (1b) 4786 0.2-Percent 18000 582.8 597.93 598.57 0.000909 7.11 3654.12 826.1 0.34
2 (1b) 4582 10-Percent 7990 582.7 593.03 593.59 0.001217 6.12 1392.88 205.08 0.37
2 (1b) 4582 2-Percent 11800 582.7 595.03 595.72 0.001187 6.95 1994.44 420.6 0.38
2 (1b) 4582 1-Percent 13600 582.7 595.79 596.52 0.001177 7.26 2402.89 618.65 0.38
2 (1b) 4582 0.2-Percent 18000 582.7 597.37 598.14 0.001119 7.72 3533.52 854.73 0.38
2 (1b) 4363 10-Percent 7990 582.5 592.71 588.54 593.12 0.000913 5.39 1641.92 237.07 0.32
2 (1b) 4363 2-Percent 11800 582.5 594.73 589.87 595.26 0.000906 6.17 2161.48 491.57 0.33
2 (1b) 4363 1-Percent 13600 582.5 595.48 590.39 596.06 0.000927 6.52 2387.73 683.43 0.34
2 (1b) 4363 0.2-Percent 18000 582.5 596.99 591.52 597.7 0.000983 7.29 3058.42 1123.5 0.36
2 (1b) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
2 (1b) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
2 (1b) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
2 (1b) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
2 (1b) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
2 (1b) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
2 (1b) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
2 (1b) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
2 (1b) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
2 (1b) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 7: Flood Scenario 2 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

2 (1b) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
2 (1b) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
2 (1b) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
2 (1b) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
2 (1b) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
2 (1b) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
2 (1b) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
2 (1b) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
2 (1b) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
2 (1b) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
2 (1b) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
2 (1b) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
2 (1b) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
2 (1b) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
2 (1b) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
2 (1b) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
2 (1b) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
2 (1b) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #3

Flood Bench Configuration: 1b + 2

Plan: UPDATE-FB-1B+2-SCHOOL+UNION
Geometry: UPDATE-FB-1B+2-SCHOOL+UNION
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 17: Flood Scenario #3 (1b+2) Profile Plot
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Table 8: Flood Scenario 3 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

3 (1b+2) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
3 (1b+2) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
3 (1b+2) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
3 (1b+2) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
3 (1b+2) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
3 (1b+2) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
3 (1b+2) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
3 (1b+2) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
3 (1b+2) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
3 (1b+2) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
3 (1b+2) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
3 (1b+2) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
3 (1b+2) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.27 449.95 0.46
3 (1b+2) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
3 (1b+2) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
3 (1b+2) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
3 (1b+2) 15751 10-Percent 7990 612.8 621.48 622.31 0.002376 7.65 1275.64 297.31 0.5
3 (1b+2) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
3 (1b+2) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
3 (1b+2) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
3 (1b+2) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.3 539.57 0.4
3 (1b+2) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.7 572.17 0.37
3 (1b+2) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.67 594.16 0.36
3 (1b+2) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
3 (1b+2) 12986 10-Percent 7990 608.9 617.09 617.64 0.001416 6.23 1736.24 495.42 0.39
3 (1b+2) 12986 2-Percent 11800 608.9 619.49 620 0.001016 6.31 3498.58 888.92 0.35
3 (1b+2) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.57 920.06 0.33
3 (1b+2) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
3 (1b+2) 12162 10-Percent 7990 604.9 614.98 616.12 0.002284 8.62 955.79 117.56 0.5
3 (1b+2) 12162 2-Percent 11800 604.9 617.01 618.63 0.002504 10.32 1205.03 134.66 0.55
3 (1b+2) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.98 158.12 0.56
3 (1b+2) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
3 (1b+2) 11955 10-Percent 7990 605.5 614.34 611.72 615.59 0.00286 8.95 895.69 113.2 0.56
3 (1b+2) 11955 2-Percent 11800 605.5 616.31 613.35 618.05 0.003009 10.62 1120.29 115.54 0.59
3 (1b+2) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.27 121.13 0.6
3 (1b+2) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
3 (1b+2) 11860 Union Rd Bridge
3 (1b+2) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.00441 10.13 789.54 110.22 0.66
3 (1b+2) 11789 2-Percent 11800 605.5 614.77 613.12 617.12 0.005034 12.32 962 111.86 0.73
3 (1b+2) 11789 1-Percent 13600 605.5 615.3 613.85 618.08 0.005498 13.39 1021.52 112.36 0.77
3 (1b+2) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
3 (1b+2) 11675 10-Percent 7990 602.4 613.3 614.14 0.001656 7.39 1090.07 125.8 0.43
3 (1b+2) 11675 2-Percent 11800 602.4 614.93 616.25 0.002073 9.24 1298.99 129.76 0.5
3 (1b+2) 11675 1-Percent 13600 602.4 615.51 617.08 0.002308 10.09 1374.45 131.08 0.53
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Table 8: Flood Scenario 3 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

3 (1b+2) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
3 (1b+2) 10302 10-Percent 7990 603.2 610.26 611.22 0.002813 7.94 1107.3 292.29 0.54
3 (1b+2) 10302 2-Percent 11800 603.2 611.88 609.46 613 0.002627 8.87 1800.25 548.94 0.54
3 (1b+2) 10302 1-Percent 13600 603.2 612.53 610.2 613.67 0.002485 9.07 2175.95 588.9 0.54
3 (1b+2) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
3 (1b+2) 9372 10-Percent 7990 599.6 605.24 604.78 607.03 0.007922 10.73 747.32 158.88 0.86
3 (1b+2) 9372 2-Percent 11800 599.6 606.48 606.07 608.92 0.007995 12.56 953.03 196.55 0.9
3 (1b+2) 9372 1-Percent 13600 599.6 606.99 606.96 609.69 0.008041 13.27 1063.57 246.35 0.91
3 (1b+2) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
3 (1b+2) 8312 10-Percent 7990 595.5 605.13 605.3 0.000448 3.66 3977.5 729.99 0.22
3 (1b+2) 8312 2-Percent 11800 595.5 606.68 606.9 0.000498 4.33 5173.91 800.62 0.24
3 (1b+2) 8312 1-Percent 13600 595.5 607.31 607.56 0.000518 4.6 5680.4 807.09 0.25
3 (1b+2) 8312 0.2-Percent 18000 595.5 608.72 609.02 0.000551 5.16 6832.04 828.49 0.26
3 (1b+2) 8145 10-Percent 7990 592.1 605.03 597.15 605.24 0.000279 3.63 2201.23 345.42 0.19
3 (1b+2) 8145 2-Percent 11800 592.1 606.46 598.29 606.81 0.000415 4.78 2469.59 452.94 0.23
3 (1b+2) 8145 1-Percent 13600 592.1 607.02 598.79 607.45 0.000479 5.28 2575.44 465.57 0.25
3 (1b+2) 8145 0.2-Percent 18000 592.1 608.25 599.9 608.89 0.000631 6.42 2805.71 491.81 0.29
3 (1b+2) 8049 Railroad Bridge Bridge
3 (1b+2) 7984 10-Percent 7990 592.1 604.6 599.55 605.02 0.000806 5.24 1553.52 372.31 0.3
3 (1b+2) 7984 2-Percent 11800 592.1 605.75 600.86 606.46 0.001177 6.84 1762.38 507.54 0.37
3 (1b+2) 7984 1-Percent 13600 592.1 606.15 601.43 607.03 0.00137 7.58 1837.35 526.21 0.41
3 (1b+2) 7984 0.2-Percent 18000 592.1 606.93 602.7 608.25 0.001888 9.32 1982.55 562.04 0.48
3 (1b+2) 7758 10-Percent 7990 595 604.07 600.48 604.58 0.001196 5.99 1564.85 584.87 0.37
3 (1b+2) 7758 2-Percent 11800 595 605.3 601.71 605.88 0.001269 6.76 2387.08 884.7 0.39
3 (1b+2) 7758 1-Percent 13600 595 605.73 602.23 606.34 0.001296 7.04 2700.41 915.44 0.39
3 (1b+2) 7758 0.2-Percent 18000 595 606.55 604.85 607.25 0.001438 7.82 3345.36 1126.73 0.42
3 (1b+2) 7564 10-Percent 7990 594.9 603.54 604.05 0.001341 6.17 1636.84 650.92 0.38
3 (1b+2) 7564 2-Percent 11800 594.9 604.86 605.34 0.001189 6.43 2681.88 895.78 0.37
3 (1b+2) 7564 1-Percent 13600 594.9 605.31 605.78 0.001163 6.57 3099.05 960.34 0.37
3 (1b+2) 7564 0.2-Percent 18000 594.9 606.18 606.65 0.001143 6.89 4066.84 1304.78 0.37
3 (1b+2) 7340 10-Percent 7990 594.8 603.07 603.49 0.001258 5.74 1781.57 621.76 0.37
3 (1b+2) 7340 2-Percent 11800 594.8 604.43 604.84 0.001143 6.12 2905.99 1058.09 0.36
3 (1b+2) 7340 1-Percent 13600 594.8 604.9 605.29 0.001081 6.16 3415.74 1102.46 0.36
3 (1b+2) 7340 0.2-Percent 18000 594.8 605.8 606.18 0.001025 6.37 4577.88 1475.12 0.35
3 (1b+2) 7151 10-Percent 7990 594.7 602.22 602.8 0.001795 6.24 1463.64 445.93 0.43
3 (1b+2) 7151 2-Percent 11800 594.7 603.47 604.16 0.001829 7.09 2275.9 894.27 0.45
3 (1b+2) 7151 1-Percent 13600 594.7 603.98 604.66 0.001729 7.19 2793.81 1168.31 0.44
3 (1b+2) 7151 0.2-Percent 18000 594.7 605.19 605.67 0.001214 6.6 4894.4 2032.81 0.38
3 (1b+2) 6890 10-Percent 7990 593 601.19 598.69 601.8 0.002024 6.43 1387.67 1693.42 0.45
3 (1b+2) 6890 2-Percent 11800 593 602.67 600.03 603.24 0.001591 6.58 2268.16 2115.82 0.42
3 (1b+2) 6890 1-Percent 13600 593 603.27 601.1 603.8 0.00142 6.53 2734.39 2219.07 0.4
3 (1b+2) 6890 0.2-Percent 18000 593 604.55 602.34 605.05 0.001152 6.48 3753.82 2343.46 0.37
3 (1b+2) 6631 10-Percent 7990 592 599.49 597.85 600.33 0.003348 7.38 1091.73 219.63 0.57
3 (1b+2) 6631 2-Percent 11800 592 600.69 598.95 601.88 0.003598 8.78 1383.69 328.67 0.61
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Table 8: Flood Scenario 3 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

3 (1b+2) 6631 1-Percent 13600 592 601.2 599.43 602.51 0.003626 9.27 1537.54 373.4 0.62
3 (1b+2) 6631 0.2-Percent 18000 592 602.34 600.53 603.88 0.003579 10.2 1918.42 543.99 0.63
3 (1b+2) 6324 10-Percent 7990 590.5 598.14 595.72 598.7 0.001949 6.2 1424.51 310.4 0.44
3 (1b+2) 6324 2-Percent 11800 590.5 599.22 597.16 600.02 0.002287 7.49 1765.57 319.73 0.49
3 (1b+2) 6324 1-Percent 13600 590.5 599.72 597.59 600.61 0.002347 7.93 1925.24 327.33 0.5
3 (1b+2) 6324 0.2-Percent 18000 590.5 600.87 598.51 601.95 0.002415 8.83 2293.43 493.75 0.52
3 (1b+2) 6015 10-Percent 7990 588.7 596.19 596.89 0.00334 7.52 1383.01 443.78 0.57
3 (1b+2) 6015 2-Percent 11800 588.7 597.71 598.33 0.002284 7.34 2095.37 485.04 0.49
3 (1b+2) 6015 1-Percent 13600 588.7 598.39 598.98 0.001969 7.25 2425.36 489.45 0.46
3 (1b+2) 6015 0.2-Percent 18000 588.7 599.83 600.42 0.001571 7.27 3141.28 502.02 0.43
3 (1b+2) 5607 10-Percent 7990 587.3 595.12 593.15 595.42 0.001235 5.29 2034.49 514.23 0.36
3 (1b+2) 5607 2-Percent 11800 587.3 597.04 593.92 597.32 0.000823 5.11 3032.95 522.27 0.31
3 (1b+2) 5607 1-Percent 13600 587.3 597.8 594.25 598.08 0.00075 5.16 3428.14 524.92 0.3
3 (1b+2) 5607 0.2-Percent 18000 587.3 599.32 594.87 599.63 0.000688 5.46 4239.77 548.12 0.29
3 (1b+2) 5307 10-Percent 7990 585.8 594.67 594.9 0.000686 4.39 2365.25 479.65 0.28
3 (1b+2) 5307 2-Percent 11800 585.8 596.71 596.94 0.000524 4.47 3353.51 487.91 0.25
3 (1b+2) 5307 1-Percent 13600 585.8 597.49 597.73 0.000502 4.6 3732.04 491.75 0.25
3 (1b+2) 5307 0.2-Percent 18000 585.8 599.02 599.3 0.000505 5.05 4553.23 574.48 0.25
3 (1b+2) 5051 10-Percent 7990 584.3 594.17 594.49 0.000854 4.82 1895.88 320.29 0.31
3 (1b+2) 5051 2-Percent 11800 584.3 596.23 596.6 0.000742 5.26 2565.43 331.57 0.3
3 (1b+2) 5051 1-Percent 13600 584.3 597 597.4 0.000734 5.5 2867.61 477.89 0.3
3 (1b+2) 5051 0.2-Percent 18000 584.3 598.52 598.97 0.000717 5.95 3779.32 711.64 0.3
3 (1b+2) 4786 10-Percent 7990 582.8 593.59 594.05 0.000961 5.61 1529.04 204.32 0.33
3 (1b+2) 4786 2-Percent 11800 582.8 595.59 596.19 0.000971 6.46 2116.7 457.63 0.34
3 (1b+2) 4786 1-Percent 13600 582.8 596.36 596.98 0.00096 6.72 2506.75 576.63 0.35
3 (1b+2) 4786 0.2-Percent 18000 582.8 597.93 598.57 0.000909 7.11 3654.12 826.1 0.34
3 (1b+2) 4582 10-Percent 7990 582.7 593.03 593.59 0.001217 6.12 1392.88 205.08 0.37
3 (1b+2) 4582 2-Percent 11800 582.7 595.03 595.72 0.001187 6.95 1994.44 420.6 0.38
3 (1b+2) 4582 1-Percent 13600 582.7 595.79 596.52 0.001177 7.26 2402.89 618.65 0.38
3 (1b+2) 4582 0.2-Percent 18000 582.7 597.37 598.14 0.001119 7.72 3533.52 854.73 0.38
3 (1b+2) 4363 10-Percent 7990 582.5 592.71 588.54 593.12 0.000913 5.39 1641.92 237.07 0.32
3 (1b+2) 4363 2-Percent 11800 582.5 594.73 589.87 595.26 0.000906 6.17 2161.48 491.57 0.33
3 (1b+2) 4363 1-Percent 13600 582.5 595.48 590.39 596.06 0.000927 6.52 2387.73 683.43 0.34
3 (1b+2) 4363 0.2-Percent 18000 582.5 596.99 591.52 597.7 0.000983 7.29 3058.42 1123.5 0.36
3 (1b+2) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
3 (1b+2) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
3 (1b+2) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
3 (1b+2) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
3 (1b+2) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
3 (1b+2) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
3 (1b+2) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
3 (1b+2) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
3 (1b+2) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
3 (1b+2) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 8: Flood Scenario 3 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

3 (1b+2) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
3 (1b+2) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
3 (1b+2) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
3 (1b+2) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
3 (1b+2) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
3 (1b+2) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
3 (1b+2) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
3 (1b+2) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
3 (1b+2) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
3 (1b+2) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
3 (1b+2) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
3 (1b+2) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
3 (1b+2) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
3 (1b+2) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
3 (1b+2) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
3 (1b+2) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
3 (1b+2) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
3 (1b+2) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #4

Flood Bench Configuration: 2 + 3

Plan: UPDATE-FB-2+3-UNION+CLINTON
Geometry: UPDATE-FB-2+3-UNION+CLINTON
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 18: Flood Scenario #4 (2+3) Profile Plot
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Table 9: Flood Scenario 4 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

4 (2+3) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
4 (2+3) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
4 (2+3) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
4 (2+3) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
4 (2+3) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
4 (2+3) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
4 (2+3) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
4 (2+3) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
4 (2+3) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
4 (2+3) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
4 (2+3) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
4 (2+3) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
4 (2+3) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
4 (2+3) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
4 (2+3) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
4 (2+3) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
4 (2+3) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
4 (2+3) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
4 (2+3) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
4 (2+3) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
4 (2+3) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
4 (2+3) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
4 (2+3) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
4 (2+3) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
4 (2+3) 12986 10-Percent 7990 608.9 617.09 617.64 0.001417 6.23 1736.03 495.23 0.39
4 (2+3) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
4 (2+3) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
4 (2+3) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
4 (2+3) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.66 117.56 0.5
4 (2+3) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.74 134.63 0.55
4 (2+3) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
4 (2+3) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
4 (2+3) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002862 8.96 895.5 113.2 0.56
4 (2+3) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.92 115.53 0.59
4 (2+3) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
4 (2+3) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
4 (2+3) 11860 Union Rd Bridge
4 (2+3) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004418 10.14 789.07 110.21 0.66
4 (2+3) 11789 2-Percent 11800 605.5 614.75 613.12 617.12 0.005056 12.33 960.74 111.85 0.73
4 (2+3) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
4 (2+3) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
4 (2+3) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.54 125.79 0.43
4 (2+3) 11675 2-Percent 11800 602.4 614.92 616.24 0.002081 9.25 1297.57 129.74 0.5
4 (2+3) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53
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Table 9: Flood Scenario 4 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

4 (2+3) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
4 (2+3) 10302 10-Percent 7990 603.2 610.48 611.37 0.002505 7.65 1175.86 345.04 0.51
4 (2+3) 10302 2-Percent 11800 603.2 612.06 609.46 613.1 0.002394 8.59 1900.99 568.72 0.52
4 (2+3) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
4 (2+3) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
4 (2+3) 9372 10-Percent 7990 599.6 604.78 604.78 606.96 0.011022 11.85 675.35 156.98 1
4 (2+3) 9372 2-Percent 11800 599.6 606.07 606.07 608.89 0.010151 13.5 880.47 161.34 1
4 (2+3) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
4 (2+3) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
4 (2+3) 8312 10-Percent 7990 595.5 603.94 604.2 0.00082 4.47 3131.96 697.64 0.3
4 (2+3) 8312 2-Percent 11800 595.5 605.49 605.82 0.000826 5.12 4247.17 748.23 0.31
4 (2+3) 8312 1-Percent 13600 595.5 606.2 606.54 0.000806 5.33 4791.85 794.5 0.31
4 (2+3) 8312 0.2-Percent 18000 595.5 607.86 608.24 0.00074 5.69 6130.08 815.63 0.3
4 (2+3) 8145 10-Percent 7990 592.1 603.85 597.15 604.1 0.000398 4.04 1979.2 263.12 0.22
4 (2+3) 8145 2-Percent 11800 592.1 605.27 598.29 605.69 0.00057 5.26 2245.28 350.63 0.27
4 (2+3) 8145 1-Percent 13600 592.1 605.89 598.79 606.41 0.000638 5.75 2363.3 424.47 0.29
4 (2+3) 8145 0.2-Percent 18000 592.1 607.35 599.9 608.08 0.000775 6.82 2637.65 472.71 0.32
4 (2+3) 8049 Railroad Bridge Bridge
4 (2+3) 7984 10-Percent 7990 592.1 603.17 599.55 603.78 0.001431 6.24 1297.73 219.45 0.39
4 (2+3) 7984 2-Percent 11800 592.1 604.14 600.86 605.16 0.002093 8.16 1471.03 343.08 0.49
4 (2+3) 7984 1-Percent 13600 592.1 604.54 601.43 605.78 0.002386 8.97 1543.34 371.05 0.52
4 (2+3) 7984 0.2-Percent 18000 592.1 605.4 602.7 607.19 0.00307 10.81 1699.94 488.39 0.6
4 (2+3) 7758 10-Percent 7990 595 602.82 601.27 603.1 0.001057 5.05 2343.3 710.66 0.34
4 (2+3) 7758 2-Percent 11800 595 603.89 601.98 604.2 0.001055 5.54 3105.06 739.59 0.34
4 (2+3) 7758 1-Percent 13600 595 604.36 602.25 604.69 0.001036 5.7 3446.22 800.62 0.34
4 (2+3) 7758 0.2-Percent 18000 595 605.44 602.81 605.8 0.000987 6.03 4228.38 889.99 0.34
4 (2+3) 7564 10-Percent 7990 594.9 602.37 602.64 0.001138 5.11 2365.61 742.51 0.35
4 (2+3) 7564 2-Percent 11800 594.9 603.46 603.75 0.001082 5.5 3177.26 757.4 0.35
4 (2+3) 7564 1-Percent 13600 594.9 603.95 604.25 0.00104 5.62 3556.4 790.74 0.34
4 (2+3) 7564 0.2-Percent 18000 594.9 605.08 605.39 0.000926 5.77 4544.25 947.08 0.33
4 (2+3) 7340 10-Percent 7990 594.8 601.84 602.13 0.001348 5.28 2354.1 864.7 0.37
4 (2+3) 7340 2-Percent 11800 594.8 603.04 603.3 0.001056 5.25 3447.27 989.11 0.34
4 (2+3) 7340 1-Percent 13600 594.8 603.58 603.82 0.000955 5.23 3993.86 1055.84 0.33
4 (2+3) 7340 0.2-Percent 18000 594.8 604.79 605.02 0.000753 5.1 5303.49 1097.02 0.3
4 (2+3) 7151 10-Percent 7990 594.7 601.36 601.57 0.001071 4.39 2627.07 871.15 0.33
4 (2+3) 7151 2-Percent 11800 594.7 602.68 602.87 0.000781 4.31 3880.22 998.2 0.29
4 (2+3) 7151 1-Percent 13600 594.7 603.26 603.44 0.000697 4.29 4478.38 1099.75 0.28
4 (2+3) 7151 0.2-Percent 18000 594.7 604.55 604.72 0.000541 4.2 6193.56 1818.87 0.25
4 (2+3) 6890 10-Percent 7990 593 600.99 599.04 601.11 0.000652 3.57 3243.08 1872.66 0.26
4 (2+3) 6890 2-Percent 11800 593 602.43 599.53 602.55 0.000448 3.42 4904.01 2139.65 0.22
4 (2+3) 6890 1-Percent 13600 593 603.04 599.74 603.15 0.000396 3.39 5617.5 2196.94 0.21
4 (2+3) 6890 0.2-Percent 18000 593 604.38 600.18 604.49 0.00032 3.37 7206.65 2334.84 0.19
4 (2+3) 6631 10-Percent 7990 592 599.49 597.85 600.33 0.003353 7.38 1091.21 478.37 0.57
4 (2+3) 6631 2-Percent 11800 592 600.71 598.95 601.89 0.003571 8.76 1387.79 568.93 0.61
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Table 9: Flood Scenario 4 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

4 (2+3) 6631 1-Percent 13600 592 601.23 599.43 602.52 0.003572 9.23 1546.21 587.51 0.62
4 (2+3) 6631 0.2-Percent 18000 592 602.43 600.53 603.92 0.003416 10.04 1954.26 706.2 0.62
4 (2+3) 6324 10-Percent 7990 590.5 598.13 595.72 598.69 0.001961 6.22 1421.33 310.33 0.44
4 (2+3) 6324 2-Percent 11800 590.5 599.27 597.16 600.05 0.002225 7.42 1781.87 319.78 0.49
4 (2+3) 6324 1-Percent 13600 590.5 599.82 597.59 600.67 0.002237 7.81 1956.12 335.18 0.49
4 (2+3) 6324 0.2-Percent 18000 590.5 601.11 598.51 602.12 0.002178 8.54 2371.73 504.94 0.5
4 (2+3) 6015 10-Percent 7990 588.7 596.26 596.92 0.003156 7.37 1411.89 444.22 0.56
4 (2+3) 6015 2-Percent 11800 588.7 597.94 598.49 0.001964 6.95 2205.94 486.32 0.46
4 (2+3) 6015 1-Percent 13600 588.7 598.68 599.2 0.001657 6.82 2568.55 491.99 0.43
4 (2+3) 6015 0.2-Percent 18000 588.7 600.3 600.81 0.001257 6.73 3378.05 507.78 0.38
4 (2+3) 5607 10-Percent 7990 587.3 595.34 593.15 595.61 0.001057 5 2147.26 515.3 0.34
4 (2+3) 5607 2-Percent 11800 587.3 597.38 593.92 597.63 0.00069 4.8 3212.32 523.39 0.28
4 (2+3) 5607 1-Percent 13600 587.3 598.2 594.25 598.44 0.000624 4.84 3637.94 526.41 0.27
4 (2+3) 5607 0.2-Percent 18000 587.3 599.9 594.87 600.17 0.000553 5.07 4562.11 568.88 0.26
4 (2+3) 5307 10-Percent 7990 585.8 594.96 595.16 0.00058 4.13 2504.06 480.77 0.25
4 (2+3) 5307 2-Percent 11800 585.8 597.11 597.31 0.000441 4.21 3547.23 489.88 0.23
4 (2+3) 5307 1-Percent 13600 585.8 597.94 598.15 0.00042 4.33 3954.66 499.38 0.23
4 (2+3) 5307 0.2-Percent 18000 585.8 599.66 599.9 0.000402 4.66 4927.78 588.01 0.23
4 (2+3) 5051 10-Percent 7990 584.3 594.2 590.41 594.7 0.001202 5.74 1436.22 206.59 0.36
4 (2+3) 5051 2-Percent 11800 584.3 596.26 591.62 596.91 0.001151 6.57 1948.53 301.22 0.37
4 (2+3) 5051 1-Percent 13600 584.3 597.06 592.13 597.76 0.00113 6.86 2225.73 360.37 0.37
4 (2+3) 5051 0.2-Percent 18000 584.3 598.75 593.33 599.52 0.001078 7.39 2838.24 366.48 0.37
4 (2+3) 4786 10-Percent 7990 582.8 593.61 589.12 594.17 0.001084 5.97 1354.02 162.68 0.35
4 (2+3) 4786 2-Percent 11800 582.8 595.6 590.5 596.36 0.001161 7.07 1761.02 226.8 0.38
4 (2+3) 4786 1-Percent 13600 582.8 596.36 591.06 597.2 0.001191 7.49 1953.77 261.47 0.39
4 (2+3) 4786 0.2-Percent 18000 582.8 597.93 592.42 598.95 0.001261 8.38 2367.37 266.15 0.41
4 (2+3) 4582 10-Percent 7990 582.7 593.03 589.02 593.66 0.001319 6.37 1278.39 165.23 0.38
4 (2+3) 4582 2-Percent 11800 582.7 594.99 590.43 595.82 0.001372 7.45 1675.35 219.76 0.41
4 (2+3) 4582 1-Percent 13600 582.7 595.71 591.03 596.65 0.001416 7.92 1836.98 225.28 0.42
4 (2+3) 4582 0.2-Percent 18000 582.7 597.16 592.41 598.35 0.00156 9.01 2174.87 252.83 0.45
4 (2+3) 4363 10-Percent 7990 582.5 592.55 588.33 593.14 0.001221 6.16 1312.26 164.05 0.37
4 (2+3) 4363 2-Percent 11800 582.5 594.45 589.72 595.28 0.00134 7.37 1652.17 369.96 0.4
4 (2+3) 4363 1-Percent 13600 582.5 595.14 590.3 596.08 0.00141 7.89 1836.59 549.17 0.42
4 (2+3) 4363 0.2-Percent 18000 582.5 596.59 591.65 597.72 0.0015 8.82 2375.41 958.21 0.44
4 (2+3) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
4 (2+3) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
4 (2+3) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
4 (2+3) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
4 (2+3) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
4 (2+3) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
4 (2+3) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
4 (2+3) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
4 (2+3) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
4 (2+3) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 9: Flood Scenario 4 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

4 (2+3) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
4 (2+3) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
4 (2+3) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
4 (2+3) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
4 (2+3) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
4 (2+3) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
4 (2+3) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
4 (2+3) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
4 (2+3) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
4 (2+3) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
4 (2+3) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
4 (2+3) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
4 (2+3) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
4 (2+3) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
4 (2+3) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
4 (2+3) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
4 (2+3) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
4 (2+3) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #5

Flood Bench Configuration: 1b + 2 + 3

Plan: UPDATE-FB-1b+2+3-SCHOOL+UNION+CLINTON
Geometry: UPDATE-FB-1b+2+3-SCHOOL+UNION+CLINTON
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 19: Flood Scenario #5 (1b+2+3) Profile Plot
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Table 10: Flood Scenario 5 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

5 (1b+2+3) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
5 (1b+2+3) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
5 (1b+2+3) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
5 (1b+2+3) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
5 (1b+2+3) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
5 (1b+2+3) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
5 (1b+2+3) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
5 (1b+2+3) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
5 (1b+2+3) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
5 (1b+2+3) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
5 (1b+2+3) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
5 (1b+2+3) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
5 (1b+2+3) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
5 (1b+2+3) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
5 (1b+2+3) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
5 (1b+2+3) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
5 (1b+2+3) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
5 (1b+2+3) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
5 (1b+2+3) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
5 (1b+2+3) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
5 (1b+2+3) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
5 (1b+2+3) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
5 (1b+2+3) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
5 (1b+2+3) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
5 (1b+2+3) 12986 10-Percent 7990 608.9 617.09 617.64 0.001417 6.23 1736.03 495.23 0.39
5 (1b+2+3) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
5 (1b+2+3) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
5 (1b+2+3) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
5 (1b+2+3) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.66 117.56 0.5
5 (1b+2+3) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.74 134.63 0.55
5 (1b+2+3) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
5 (1b+2+3) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
5 (1b+2+3) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002862 8.96 895.5 113.2 0.56
5 (1b+2+3) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.92 115.53 0.59
5 (1b+2+3) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
5 (1b+2+3) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
5 (1b+2+3) 11860 Union Rd Bridge
5 (1b+2+3) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004418 10.14 789.07 110.21 0.66
5 (1b+2+3) 11789 2-Percent 11800 605.5 614.75 613.12 617.12 0.005056 12.33 960.74 111.85 0.73
5 (1b+2+3) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
5 (1b+2+3) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
5 (1b+2+3) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.54 125.79 0.43
5 (1b+2+3) 11675 2-Percent 11800 602.4 614.92 616.24 0.002081 9.25 1297.57 129.74 0.5
5 (1b+2+3) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53

ATTACHMENT F/ 58



Table 10: Flood Scenario 5 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

5 (1b+2+3) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
5 (1b+2+3) 10302 10-Percent 7990 603.2 610.48 611.37 0.002505 7.65 1175.86 345.04 0.51
5 (1b+2+3) 10302 2-Percent 11800 603.2 612.06 609.46 613.1 0.002394 8.59 1900.99 568.72 0.52
5 (1b+2+3) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
5 (1b+2+3) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
5 (1b+2+3) 9372 10-Percent 7990 599.6 604.78 604.78 606.96 0.011022 11.85 675.35 156.98 1
5 (1b+2+3) 9372 2-Percent 11800 599.6 606.07 606.07 608.89 0.010151 13.5 880.47 161.34 1
5 (1b+2+3) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
5 (1b+2+3) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
5 (1b+2+3) 8312 10-Percent 7990 595.5 603.94 604.2 0.00082 4.47 3132 697.64 0.3
5 (1b+2+3) 8312 2-Percent 11800 595.5 605.49 605.82 0.000826 5.12 4246.62 748.21 0.31
5 (1b+2+3) 8312 1-Percent 13600 595.5 606.2 606.54 0.000807 5.33 4790.59 794.37 0.31
5 (1b+2+3) 8312 0.2-Percent 18000 595.5 607.86 608.23 0.000741 5.7 6125.89 815.56 0.3
5 (1b+2+3) 8145 10-Percent 7990 592.1 603.85 597.15 604.1 0.000398 4.04 1979.22 263.12 0.22
5 (1b+2+3) 8145 2-Percent 11800 592.1 605.26 598.29 605.69 0.00057 5.26 2245.15 350.61 0.27
5 (1b+2+3) 8145 1-Percent 13600 592.1 605.89 598.79 606.41 0.000638 5.76 2362.99 424.34 0.29
5 (1b+2+3) 8145 0.2-Percent 18000 592.1 607.35 599.9 608.07 0.000776 6.83 2636.63 472.62 0.32
5 (1b+2+3) 8049 Railroad Bridge Bridge
5 (1b+2+3) 7984 10-Percent 7990 592.1 603.17 599.55 603.78 0.001431 6.24 1297.76 219.46 0.39
5 (1b+2+3) 7984 2-Percent 11800 592.1 604.14 600.86 605.16 0.002094 8.16 1470.83 343 0.49
5 (1b+2+3) 7984 1-Percent 13600 592.1 604.54 601.43 605.78 0.002388 8.98 1542.86 370.99 0.52
5 (1b+2+3) 7984 0.2-Percent 18000 592.1 605.39 602.7 607.19 0.003082 10.82 1697.83 486.81 0.6
5 (1b+2+3) 7758 10-Percent 7990 595 602.82 601.27 603.1 0.001057 5.05 2343.38 710.66 0.34
5 (1b+2+3) 7758 2-Percent 11800 595 603.89 601.98 604.2 0.001056 5.54 3103.96 739.45 0.34
5 (1b+2+3) 7758 1-Percent 13600 595 604.36 602.25 604.69 0.001038 5.71 3443.67 799.22 0.34
5 (1b+2+3) 7758 0.2-Percent 18000 595 605.43 602.81 605.79 0.000995 6.04 4217.86 889.63 0.34
5 (1b+2+3) 7564 10-Percent 7990 594.9 602.37 602.64 0.001138 5.11 2365.74 742.51 0.35
5 (1b+2+3) 7564 2-Percent 11800 594.9 603.45 603.75 0.001083 5.5 3175.64 757.22 0.35
5 (1b+2+3) 7564 1-Percent 13600 594.9 603.94 604.25 0.001044 5.62 3552.59 790.47 0.34
5 (1b+2+3) 7564 0.2-Percent 18000 594.9 605.06 605.37 0.000936 5.79 4526.85 941 0.33
5 (1b+2+3) 7340 10-Percent 7990 594.8 601.84 602.13 0.001347 5.28 2354.42 864.7 0.37
5 (1b+2+3) 7340 2-Percent 11800 594.8 603.04 603.3 0.001058 5.25 3444.25 988.81 0.34
5 (1b+2+3) 7340 1-Percent 13600 594.8 603.57 603.81 0.00096 5.24 3986.84 1055.56 0.33
5 (1b+2+3) 7340 0.2-Percent 18000 594.8 604.77 605 0.000763 5.13 5278.85 1096.4 0.3
5 (1b+2+3) 7151 10-Percent 7990 594.7 601.36 601.57 0.00107 4.39 2627.6 871.16 0.33
5 (1b+2+3) 7151 2-Percent 11800 594.7 602.68 602.87 0.000783 4.32 3876.14 998.06 0.29
5 (1b+2+3) 7151 1-Percent 13600 594.7 603.25 603.43 0.000701 4.3 4469.05 1099.06 0.28
5 (1b+2+3) 7151 0.2-Percent 18000 594.7 604.52 604.69 0.00055 4.23 6145.03 1795.84 0.25
5 (1b+2+3) 6890 10-Percent 7990 593 600.99 599.04 601.11 0.000651 3.57 3244.13 1872.91 0.26
5 (1b+2+3) 6890 2-Percent 11800 593 602.43 599.53 602.54 0.00045 3.42 4898.1 2139.54 0.22
5 (1b+2+3) 6890 1-Percent 13600 593 603.03 599.74 603.14 0.000399 3.39 5605.72 2193.77 0.21
5 (1b+2+3) 6890 0.2-Percent 18000 593 604.35 600.18 604.46 0.000325 3.39 7171.71 2333.01 0.2
5 (1b+2+3) 6631 10-Percent 7990 592 599.49 597.85 600.33 0.003348 7.38 1091.73 478.4 0.57
5 (1b+2+3) 6631 2-Percent 11800 592 600.69 598.95 601.88 0.003598 8.78 1383.69 568.64 0.61
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Table 10: Flood Scenario 5 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

5 (1b+2+3) 6631 1-Percent 13600 592 601.2 599.43 602.51 0.003626 9.27 1537.54 586.08 0.62
5 (1b+2+3) 6631 0.2-Percent 18000 592 602.34 600.53 603.88 0.003579 10.2 1918.42 700.35 0.63
5 (1b+2+3) 6324 10-Percent 7990 590.5 598.14 595.72 598.7 0.001949 6.2 1424.51 310.4 0.44
5 (1b+2+3) 6324 2-Percent 11800 590.5 599.22 597.16 600.02 0.002287 7.49 1765.57 319.73 0.49
5 (1b+2+3) 6324 1-Percent 13600 590.5 599.72 597.59 600.61 0.002347 7.93 1925.24 327.33 0.5
5 (1b+2+3) 6324 0.2-Percent 18000 590.5 600.87 598.51 601.95 0.002415 8.83 2293.43 493.75 0.52
5 (1b+2+3) 6015 10-Percent 7990 588.7 596.19 596.89 0.00334 7.52 1383.01 443.78 0.57
5 (1b+2+3) 6015 2-Percent 11800 588.7 597.71 598.33 0.002284 7.34 2095.37 485.04 0.49
5 (1b+2+3) 6015 1-Percent 13600 588.7 598.39 598.98 0.001969 7.25 2425.36 489.45 0.46
5 (1b+2+3) 6015 0.2-Percent 18000 588.7 599.83 600.42 0.001571 7.27 3141.28 502.02 0.43
5 (1b+2+3) 5607 10-Percent 7990 587.3 595.12 593.15 595.42 0.001235 5.29 2034.49 514.23 0.36
5 (1b+2+3) 5607 2-Percent 11800 587.3 597.04 593.92 597.32 0.000823 5.11 3032.95 522.27 0.31
5 (1b+2+3) 5607 1-Percent 13600 587.3 597.8 594.25 598.08 0.00075 5.16 3428.14 524.92 0.3
5 (1b+2+3) 5607 0.2-Percent 18000 587.3 599.32 594.87 599.63 0.000688 5.46 4239.77 548.12 0.29
5 (1b+2+3) 5307 10-Percent 7990 585.8 594.67 594.9 0.000686 4.39 2365.25 479.65 0.28
5 (1b+2+3) 5307 2-Percent 11800 585.8 596.71 596.94 0.000524 4.47 3353.51 487.91 0.25
5 (1b+2+3) 5307 1-Percent 13600 585.8 597.49 597.73 0.000502 4.6 3732.04 491.75 0.25
5 (1b+2+3) 5307 0.2-Percent 18000 585.8 599.02 599.3 0.000505 5.05 4553.23 574.48 0.25
5 (1b+2+3) 5051 10-Percent 7990 584.3 594.17 594.49 0.000854 4.82 1895.88 320.29 0.31
5 (1b+2+3) 5051 2-Percent 11800 584.3 596.23 596.6 0.000742 5.26 2565.43 331.57 0.3
5 (1b+2+3) 5051 1-Percent 13600 584.3 597 597.4 0.000734 5.5 2867.61 477.89 0.3
5 (1b+2+3) 5051 0.2-Percent 18000 584.3 598.52 598.97 0.000717 5.95 3779.32 711.64 0.3
5 (1b+2+3) 4786 10-Percent 7990 582.8 593.59 594.05 0.000961 5.61 1529.04 204.32 0.33
5 (1b+2+3) 4786 2-Percent 11800 582.8 595.59 596.19 0.000971 6.46 2116.7 457.63 0.34
5 (1b+2+3) 4786 1-Percent 13600 582.8 596.36 596.98 0.00096 6.72 2506.75 576.63 0.35
5 (1b+2+3) 4786 0.2-Percent 18000 582.8 597.93 598.57 0.000909 7.11 3654.12 826.1 0.34
5 (1b+2+3) 4582 10-Percent 7990 582.7 593.03 593.59 0.001217 6.12 1392.88 205.08 0.37
5 (1b+2+3) 4582 2-Percent 11800 582.7 595.03 595.72 0.001187 6.95 1994.44 420.6 0.38
5 (1b+2+3) 4582 1-Percent 13600 582.7 595.79 596.52 0.001177 7.26 2402.89 618.65 0.38
5 (1b+2+3) 4582 0.2-Percent 18000 582.7 597.37 598.14 0.001119 7.72 3533.52 854.73 0.38
5 (1b+2+3) 4363 10-Percent 7990 582.5 592.71 588.54 593.12 0.000913 5.39 1641.92 237.07 0.32
5 (1b+2+3) 4363 2-Percent 11800 582.5 594.73 589.87 595.26 0.000906 6.17 2161.48 491.57 0.33
5 (1b+2+3) 4363 1-Percent 13600 582.5 595.48 590.39 596.06 0.000927 6.52 2387.73 683.43 0.34
5 (1b+2+3) 4363 0.2-Percent 18000 582.5 596.99 591.52 597.7 0.000983 7.29 3058.42 1123.5 0.36
5 (1b+2+3) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
5 (1b+2+3) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
5 (1b+2+3) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
5 (1b+2+3) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
5 (1b+2+3) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
5 (1b+2+3) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
5 (1b+2+3) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
5 (1b+2+3) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
5 (1b+2+3) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
5 (1b+2+3) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 10: Flood Scenario 5 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

5 (1b+2+3) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
5 (1b+2+3) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
5 (1b+2+3) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
5 (1b+2+3) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
5 (1b+2+3) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
5 (1b+2+3) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
5 (1b+2+3) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
5 (1b+2+3) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
5 (1b+2+3) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
5 (1b+2+3) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
5 (1b+2+3) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
5 (1b+2+3) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
5 (1b+2+3) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
5 (1b+2+3) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
5 (1b+2+3) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
5 (1b+2+3) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
5 (1b+2+3) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
5 (1b+2+3) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #6

Flood Bench Configuration: 2 + 3 + 4

Plan: UPDATE-FB-2+3+4-UNION+CLINT+UTILI
Geometry: UPDATE-FB-2+3+4-UNION+CLINT+UTILI
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 20: Flood Scenario #6 (2+3+4) Profile Plot
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Table 11: Flood Scenario 6 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

6 (2+3+4) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
6 (2+3+4) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
6 (2+3+4) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
6 (2+3+4) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
6 (2+3+4) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
6 (2+3+4) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
6 (2+3+4) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
6 (2+3+4) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
6 (2+3+4) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
6 (2+3+4) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
6 (2+3+4) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
6 (2+3+4) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
6 (2+3+4) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
6 (2+3+4) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
6 (2+3+4) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
6 (2+3+4) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
6 (2+3+4) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
6 (2+3+4) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
6 (2+3+4) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
6 (2+3+4) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
6 (2+3+4) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
6 (2+3+4) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
6 (2+3+4) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
6 (2+3+4) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
6 (2+3+4) 12986 10-Percent 7990 608.9 617.09 617.64 0.001417 6.23 1736.03 495.23 0.39
6 (2+3+4) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
6 (2+3+4) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
6 (2+3+4) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
6 (2+3+4) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.66 117.56 0.5
6 (2+3+4) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.74 134.63 0.55
6 (2+3+4) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
6 (2+3+4) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
6 (2+3+4) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002862 8.96 895.5 113.2 0.56
6 (2+3+4) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.92 115.53 0.59
6 (2+3+4) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
6 (2+3+4) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
6 (2+3+4) 11860 Union Rd Bridge
6 (2+3+4) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004418 10.14 789.07 110.21 0.66
6 (2+3+4) 11789 2-Percent 11800 605.5 614.75 613.12 617.12 0.005056 12.33 960.74 111.85 0.73
6 (2+3+4) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
6 (2+3+4) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
6 (2+3+4) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.54 125.79 0.43
6 (2+3+4) 11675 2-Percent 11800 602.4 614.92 616.24 0.002081 9.25 1297.57 129.74 0.5
6 (2+3+4) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53
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Table 11: Flood Scenario 6 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

6 (2+3+4) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
6 (2+3+4) 10302 10-Percent 7990 603.2 610.48 611.37 0.002505 7.65 1175.86 345.04 0.51
6 (2+3+4) 10302 2-Percent 11800 603.2 612.06 609.46 613.1 0.002394 8.59 1900.99 568.72 0.52
6 (2+3+4) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
6 (2+3+4) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
6 (2+3+4) 9372 10-Percent 7990 599.6 604.78 604.78 606.96 0.011022 11.85 675.35 156.98 1
6 (2+3+4) 9372 2-Percent 11800 599.6 606.07 606.07 608.89 0.010151 13.5 880.47 161.34 1
6 (2+3+4) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
6 (2+3+4) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
6 (2+3+4) 8312 10-Percent 7990 595.5 603.91 604.17 0.000834 4.5 3111.22 697.33 0.3
6 (2+3+4) 8312 2-Percent 11800 595.5 605.39 605.73 0.000864 5.2 4173.39 744.96 0.31
6 (2+3+4) 8312 1-Percent 13600 595.5 606.07 606.43 0.000853 5.43 4687.7 786.79 0.31
6 (2+3+4) 8312 0.2-Percent 18000 595.5 607.69 608.08 0.000787 5.81 5988.43 812.9 0.31
6 (2+3+4) 8145 10-Percent 7990 592.1 603.82 597.15 604.07 0.000401 4.05 1973.62 262.54 0.22
6 (2+3+4) 8145 2-Percent 11800 592.1 605.17 598.29 605.6 0.000586 5.3 2226.69 348.48 0.27
6 (2+3+4) 8145 1-Percent 13600 592.1 605.76 598.79 606.28 0.000661 5.82 2338.17 412.95 0.29
6 (2+3+4) 8145 0.2-Percent 18000 592.1 607.17 599.9 607.91 0.000809 6.91 2603.29 468.86 0.33
6 (2+3+4) 8049 Railroad Bridge Bridge
6 (2+3+4) 7984 10-Percent 7990 592.1 603.14 599.55 603.74 0.001456 6.27 1290.85 218.39 0.4
6 (2+3+4) 7984 2-Percent 11800 592.1 603.99 600.86 605.05 0.002224 8.31 1443.41 331.69 0.5
6 (2+3+4) 7984 1-Percent 13600 592.1 604.31 601.43 605.62 0.002602 9.22 1501.92 366.27 0.54
6 (2+3+4) 7984 0.2-Percent 18000 592.1 604.97 602.7 606.94 0.003567 11.32 1621.73 409.76 0.64
6 (2+3+4) 7758 10-Percent 7990 595 602.76 601.27 603.05 0.001108 5.14 2301.49 710.29 0.34
6 (2+3+4) 7758 2-Percent 11800 595 603.66 601.98 604.02 0.001233 5.88 2940.69 729.5 0.37
6 (2+3+4) 7758 1-Percent 13600 595 604.03 602.25 604.41 0.00128 6.17 3204.59 757.22 0.38
6 (2+3+4) 7758 0.2-Percent 18000 595 604.86 602.81 605.31 0.001359 6.78 3800.71 864.34 0.4
6 (2+3+4) 7564 10-Percent 7990 594.9 602.27 602.56 0.001235 5.27 2294.86 741.96 0.36
6 (2+3+4) 7564 2-Percent 11800 594.9 603.11 603.47 0.001379 6.03 2919.38 747.37 0.39
6 (2+3+4) 7564 1-Percent 13600 594.9 603.46 603.85 0.001435 6.34 3178.46 757.43 0.4
6 (2+3+4) 7564 0.2-Percent 18000 594.9 604.26 604.72 0.001495 6.9 3812.95 836.02 0.41
6 (2+3+4) 7340 10-Percent 7990 594.8 601.62 601.97 0.001681 5.75 2160.41 863.66 0.41
6 (2+3+4) 7340 2-Percent 11800 594.8 602.45 602.84 0.001695 6.3 2884.99 888.79 0.42
6 (2+3+4) 7340 1-Percent 13600 594.8 602.81 603.21 0.001676 6.48 3224.6 966.68 0.42
6 (2+3+4) 7340 0.2-Percent 18000 594.8 603.66 604.07 0.001573 6.75 4085.71 1059.49 0.42
6 (2+3+4) 7151 10-Percent 7990 594.7 600.88 601.19 0.001731 5.26 2209.49 867.81 0.41
6 (2+3+4) 7151 2-Percent 11800 594.7 601.73 602.07 0.001679 5.73 2948.81 901.78 0.41
6 (2+3+4) 7151 1-Percent 13600 594.7 602.1 602.45 0.00163 5.88 3304.39 972.73 0.41
6 (2+3+4) 7151 0.2-Percent 18000 594.7 603.02 603.38 0.001429 6.02 4225.96 1063.45 0.39
6 (2+3+4) 6890 10-Percent 7990 593 600.1 599.03 600.34 0.001444 4.78 2431.96 1202.88 0.37
6 (2+3+4) 6890 2-Percent 11800 593 601.01 599.51 601.27 0.001323 5.1 3339.75 1879.26 0.37
6 (2+3+4) 6890 1-Percent 13600 593 601.43 599.71 601.69 0.001223 5.13 3813.06 2035.41 0.36
6 (2+3+4) 6890 0.2-Percent 18000 593 602.5 600.16 602.74 0.000958 5.03 5052.9 2141.07 0.32
6 (2+3+4) 6631 10-Percent 7990 592 599.02 598.11 599.36 0.002069 5.45 2015.61 767.74 0.44
6 (2+3+4) 6631 2-Percent 11800 592 600.07 598.65 600.41 0.001699 5.64 2823.1 772.58 0.41
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Table 11: Flood Scenario 6 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

6 (2+3+4) 6631 1-Percent 13600 592 600.57 598.89 600.91 0.001528 5.65 3225.62 843.45 0.4
6 (2+3+4) 6631 0.2-Percent 18000 592 601.81 599.38 602.14 0.001155 5.54 4295.57 864.39 0.36
6 (2+3+4) 6324 10-Percent 7990 590.5 597.96 595.72 598.3 0.001454 5.25 2041.94 662.66 0.38
6 (2+3+4) 6324 2-Percent 11800 590.5 599.15 597.31 599.5 0.00129 5.59 2830.64 666.57 0.37
6 (2+3+4) 6324 1-Percent 13600 590.5 599.73 597.6 600.09 0.001174 5.62 3222.79 668.5 0.36
6 (2+3+4) 6324 0.2-Percent 18000 590.5 601.14 598.19 601.49 0.000946 5.64 4168.99 673.14 0.33
6 (2+3+4) 6015 10-Percent 7990 588.7 596.26 596.85 0.002877 7.04 1511.66 485.31 0.53
6 (2+3+4) 6015 2-Percent 11800 588.7 597.95 598.43 0.001735 6.54 2378.3 525.84 0.43
6 (2+3+4) 6015 1-Percent 13600 588.7 598.69 599.15 0.001458 6.41 2770.68 530.6 0.4
6 (2+3+4) 6015 0.2-Percent 18000 588.7 600.32 600.75 0.001105 6.32 3641.38 541.6 0.36
6 (2+3+4) 5607 10-Percent 7990 587.3 595.34 593.15 595.6 0.001048 4.98 2155.35 515.3 0.33
6 (2+3+4) 5607 2-Percent 11800 587.3 597.38 593.91 597.63 0.000685 4.79 3220.39 523.39 0.28
6 (2+3+4) 5607 1-Percent 13600 587.3 598.2 594.25 598.44 0.00062 4.83 3646.01 526.41 0.27
6 (2+3+4) 5607 0.2-Percent 18000 587.3 599.9 594.91 600.17 0.00055 5.06 4570.15 568.89 0.26
6 (2+3+4) 5307 10-Percent 7990 585.8 594.96 595.16 0.00058 4.13 2504.06 480.77 0.25
6 (2+3+4) 5307 2-Percent 11800 585.8 597.11 597.31 0.000441 4.21 3547.23 489.88 0.23
6 (2+3+4) 5307 1-Percent 13600 585.8 597.94 598.15 0.00042 4.33 3954.66 499.38 0.23
6 (2+3+4) 5307 0.2-Percent 18000 585.8 599.66 599.9 0.000402 4.66 4927.78 588.01 0.23
6 (2+3+4) 5051 10-Percent 7990 584.3 594.2 590.41 594.7 0.001202 5.74 1436.22 206.59 0.36
6 (2+3+4) 5051 2-Percent 11800 584.3 596.26 591.62 596.91 0.001151 6.57 1948.53 301.22 0.37
6 (2+3+4) 5051 1-Percent 13600 584.3 597.06 592.13 597.76 0.00113 6.86 2225.73 360.37 0.37
6 (2+3+4) 5051 0.2-Percent 18000 584.3 598.75 593.33 599.52 0.001078 7.39 2838.24 366.48 0.37
6 (2+3+4) 4786 10-Percent 7990 582.8 593.61 589.12 594.17 0.001084 5.97 1354.02 162.68 0.35
6 (2+3+4) 4786 2-Percent 11800 582.8 595.6 590.5 596.36 0.001161 7.07 1761.02 226.8 0.38
6 (2+3+4) 4786 1-Percent 13600 582.8 596.36 591.06 597.2 0.001191 7.49 1953.77 261.47 0.39
6 (2+3+4) 4786 0.2-Percent 18000 582.8 597.93 592.42 598.95 0.001261 8.38 2367.37 266.15 0.41
6 (2+3+4) 4582 10-Percent 7990 582.7 593.03 589.02 593.66 0.001319 6.37 1278.39 165.23 0.38
6 (2+3+4) 4582 2-Percent 11800 582.7 594.99 590.43 595.82 0.001372 7.45 1675.35 219.76 0.41
6 (2+3+4) 4582 1-Percent 13600 582.7 595.71 591.03 596.65 0.001416 7.92 1836.98 225.28 0.42
6 (2+3+4) 4582 0.2-Percent 18000 582.7 597.16 592.41 598.35 0.00156 9.01 2174.87 252.83 0.45
6 (2+3+4) 4363 10-Percent 7990 582.5 592.55 588.33 593.14 0.001221 6.16 1312.26 164.05 0.37
6 (2+3+4) 4363 2-Percent 11800 582.5 594.45 589.72 595.28 0.00134 7.37 1652.17 369.96 0.4
6 (2+3+4) 4363 1-Percent 13600 582.5 595.14 590.3 596.08 0.00141 7.89 1836.59 549.17 0.42
6 (2+3+4) 4363 0.2-Percent 18000 582.5 596.59 591.65 597.72 0.0015 8.82 2375.41 958.21 0.44
6 (2+3+4) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
6 (2+3+4) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
6 (2+3+4) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
6 (2+3+4) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
6 (2+3+4) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
6 (2+3+4) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
6 (2+3+4) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
6 (2+3+4) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
6 (2+3+4) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
6 (2+3+4) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.64 1230.59 0.28
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Table 11: Flood Scenario 6 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

6 (2+3+4) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.8 1256.34 0.28
6 (2+3+4) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
6 (2+3+4) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
6 (2+3+4) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
6 (2+3+4) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
6 (2+3+4) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
6 (2+3+4) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
6 (2+3+4) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
6 (2+3+4) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
6 (2+3+4) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
6 (2+3+4) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
6 (2+3+4) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
6 (2+3+4) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
6 (2+3+4) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
6 (2+3+4) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
6 (2+3+4) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
6 (2+3+4) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
6 (2+3+4) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #7

Flood Bench Configuration: 1b + 2 + 3 + 4

Plan: UPDATE-FB-1b+2+3+4-SCH+UNION+CLINT+UTILI
Geometry: UPDATE-FB-1b+2+3+4-SCH+UNION+CLINT+UTILI
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 21: Flood Scenario #7 (1b+2+3+4) Profile Plot
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Table 12: Flood Scenario 7 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

7 (1b+2+3+4) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
7 (1b+2+3+4) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
7 (1b+2+3+4) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
7 (1b+2+3+4) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
7 (1b+2+3+4) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
7 (1b+2+3+4) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
7 (1b+2+3+4) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
7 (1b+2+3+4) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
7 (1b+2+3+4) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
7 (1b+2+3+4) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
7 (1b+2+3+4) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
7 (1b+2+3+4) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
7 (1b+2+3+4) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
7 (1b+2+3+4) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
7 (1b+2+3+4) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
7 (1b+2+3+4) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
7 (1b+2+3+4) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
7 (1b+2+3+4) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
7 (1b+2+3+4) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
7 (1b+2+3+4) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
7 (1b+2+3+4) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
7 (1b+2+3+4) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
7 (1b+2+3+4) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
7 (1b+2+3+4) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
7 (1b+2+3+4) 12986 10-Percent 7990 608.9 617.09 617.64 0.001417 6.23 1736.03 495.23 0.39
7 (1b+2+3+4) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
7 (1b+2+3+4) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
7 (1b+2+3+4) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
7 (1b+2+3+4) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.66 117.56 0.5
7 (1b+2+3+4) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.74 134.63 0.55
7 (1b+2+3+4) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
7 (1b+2+3+4) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
7 (1b+2+3+4) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002862 8.96 895.5 113.2 0.56
7 (1b+2+3+4) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.92 115.53 0.59
7 (1b+2+3+4) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
7 (1b+2+3+4) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
7 (1b+2+3+4) 11860 Union Rd Bridge
7 (1b+2+3+4) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004418 10.14 789.07 110.21 0.66
7 (1b+2+3+4) 11789 2-Percent 11800 605.5 614.75 613.12 617.12 0.005056 12.33 960.74 111.85 0.73
7 (1b+2+3+4) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
7 (1b+2+3+4) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
7 (1b+2+3+4) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.54 125.79 0.43
7 (1b+2+3+4) 11675 2-Percent 11800 602.4 614.92 616.24 0.002081 9.25 1297.57 129.74 0.5
7 (1b+2+3+4) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53
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Table 12: Flood Scenario 7 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

7 (1b+2+3+4) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
7 (1b+2+3+4) 10302 10-Percent 7990 603.2 610.48 611.37 0.002505 7.65 1175.86 345.04 0.51
7 (1b+2+3+4) 10302 2-Percent 11800 603.2 612.06 609.46 613.1 0.002394 8.59 1900.99 568.72 0.52
7 (1b+2+3+4) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
7 (1b+2+3+4) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
7 (1b+2+3+4) 9372 10-Percent 7990 599.6 604.78 604.78 606.96 0.011022 11.85 675.35 156.98 1
7 (1b+2+3+4) 9372 2-Percent 11800 599.6 606.07 606.07 608.89 0.010151 13.5 880.47 161.34 1
7 (1b+2+3+4) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
7 (1b+2+3+4) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
7 (1b+2+3+4) 8312 10-Percent 7990 595.5 603.91 604.17 0.000834 4.5 3111.22 697.33 0.3
7 (1b+2+3+4) 8312 2-Percent 11800 595.5 605.39 605.73 0.000864 5.2 4173.21 744.96 0.31
7 (1b+2+3+4) 8312 1-Percent 13600 595.5 606.07 606.43 0.000853 5.43 4687.08 786.74 0.31
7 (1b+2+3+4) 8312 0.2-Percent 18000 595.5 607.68 608.08 0.000788 5.81 5985.6 812.84 0.31
7 (1b+2+3+4) 8145 10-Percent 7990 592.1 603.82 597.15 604.07 0.000401 4.05 1973.62 262.54 0.22
7 (1b+2+3+4) 8145 2-Percent 11800 592.1 605.17 598.29 605.6 0.000586 5.3 2226.64 348.48 0.27
7 (1b+2+3+4) 8145 1-Percent 13600 592.1 605.76 598.79 606.28 0.000661 5.82 2338.03 412.74 0.29
7 (1b+2+3+4) 8145 0.2-Percent 18000 592.1 607.17 599.9 607.91 0.00081 6.92 2602.6 468.79 0.33
7 (1b+2+3+4) 8049 Railroad Bridge Bridge
7 (1b+2+3+4) 7984 10-Percent 7990 592.1 603.14 599.55 603.74 0.001456 6.27 1290.85 218.39 0.4
7 (1b+2+3+4) 7984 2-Percent 11800 592.1 603.99 600.86 605.05 0.002224 8.31 1443.34 331.64 0.5
7 (1b+2+3+4) 7984 1-Percent 13600 592.1 604.31 601.43 605.62 0.002604 9.22 1501.69 366.25 0.54
7 (1b+2+3+4) 7984 0.2-Percent 18000 592.1 604.96 602.7 606.93 0.00358 11.33 1619.94 407.15 0.65
7 (1b+2+3+4) 7758 10-Percent 7990 595 602.76 601.27 603.05 0.001108 5.14 2301.49 710.29 0.34
7 (1b+2+3+4) 7758 2-Percent 11800 595 603.66 601.98 604.02 0.001233 5.88 2940.29 729.49 0.37
7 (1b+2+3+4) 7758 1-Percent 13600 595 604.03 602.25 604.41 0.001281 6.18 3203.23 756.91 0.38
7 (1b+2+3+4) 7758 0.2-Percent 18000 595 604.84 602.81 605.3 0.00137 6.8 3789.76 863.29 0.4
7 (1b+2+3+4) 7564 10-Percent 7990 594.9 602.27 602.56 0.001235 5.27 2294.86 741.96 0.36
7 (1b+2+3+4) 7564 2-Percent 11800 594.9 603.11 603.47 0.00138 6.03 2918.6 747.36 0.39
7 (1b+2+3+4) 7564 1-Percent 13600 594.9 603.45 603.85 0.001439 6.34 3176.1 757.17 0.4
7 (1b+2+3+4) 7564 0.2-Percent 18000 594.9 604.24 604.7 0.001516 6.94 3793.36 826.92 0.42
7 (1b+2+3+4) 7340 10-Percent 7990 594.8 601.62 601.97 0.001681 5.75 2160.41 863.66 0.41
7 (1b+2+3+4) 7340 2-Percent 11800 594.8 602.45 602.84 0.001698 6.3 2882.99 887.56 0.42
7 (1b+2+3+4) 7340 1-Percent 13600 594.8 602.81 603.2 0.001685 6.49 3217.99 966.26 0.43
7 (1b+2+3+4) 7340 0.2-Percent 18000 594.8 603.62 604.04 0.001618 6.83 4043.2 1057.79 0.42
7 (1b+2+3+4) 7151 10-Percent 7990 594.7 600.88 601.19 0.001731 5.26 2209.49 867.81 0.41
7 (1b+2+3+4) 7151 2-Percent 11800 594.7 601.72 602.06 0.001686 5.74 2944.25 901.23 0.41
7 (1b+2+3+4) 7151 1-Percent 13600 594.7 602.09 602.44 0.001649 5.9 3290.56 971.98 0.41
7 (1b+2+3+4) 7151 0.2-Percent 18000 594.7 602.95 603.32 0.0015 6.13 4152.13 1048.76 0.4
7 (1b+2+3+4) 6890 10-Percent 7990 593 600.1 599.03 600.34 0.001444 4.78 2432.02 1202.93 0.37
7 (1b+2+3+4) 6890 2-Percent 11800 593 601 599.51 601.26 0.001337 5.12 3327.04 1875.37 0.37
7 (1b+2+3+4) 6890 1-Percent 13600 593 601.4 599.71 601.67 0.001251 5.17 3781.56 2028.18 0.36
7 (1b+2+3+4) 6890 0.2-Percent 18000 593 602.39 600.16 602.65 0.001035 5.18 4922.04 2138.51 0.33
7 (1b+2+3+4) 6631 10-Percent 7990 592 599.02 598.11 599.36 0.002069 5.44 2015.71 767.74 0.44
7 (1b+2+3+4) 6631 2-Percent 11800 592 600.04 598.65 600.39 0.00174 5.68 2800.7 772.45 0.42

ATTACHMENT F/ 71



Table 12: Flood Scenario 7 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

7 (1b+2+3+4) 6631 1-Percent 13600 592 600.5 598.89 600.86 0.0016 5.74 3173.54 834.93 0.41
7 (1b+2+3+4) 6631 0.2-Percent 18000 592 601.63 599.38 601.98 0.001294 5.77 4136.17 863.38 0.37
7 (1b+2+3+4) 6324 10-Percent 7990 590.5 597.96 595.72 598.3 0.001452 5.25 2042.58 662.66 0.38
7 (1b+2+3+4) 6324 2-Percent 11800 590.5 599.07 597.31 599.45 0.001355 5.69 2782.47 666.33 0.38
7 (1b+2+3+4) 6324 1-Percent 13600 590.5 599.61 597.6 599.98 0.00127 5.78 3137.78 668.08 0.37
7 (1b+2+3+4) 6324 0.2-Percent 18000 590.5 600.86 598.19 601.25 0.001093 5.93 3977.22 672.2 0.35
7 (1b+2+3+4) 6015 10-Percent 7990 588.7 596.19 596.81 0.003063 7.2 1477.88 484.91 0.55
7 (1b+2+3+4) 6015 2-Percent 11800 588.7 597.72 598.26 0.002022 6.91 2258.24 524.66 0.46
7 (1b+2+3+4) 6015 1-Percent 13600 588.7 598.4 598.91 0.001734 6.81 2615.97 528.62 0.44
7 (1b+2+3+4) 6015 0.2-Percent 18000 588.7 599.85 600.36 0.00138 6.83 3388.42 538.42 0.4
7 (1b+2+3+4) 5607 10-Percent 7990 587.3 595.12 593.15 595.42 0.001224 5.27 2042.59 514.24 0.36
7 (1b+2+3+4) 5607 2-Percent 11800 587.3 597.04 593.91 597.31 0.000817 5.09 3041.05 522.27 0.31
7 (1b+2+3+4) 5607 1-Percent 13600 587.3 597.8 594.25 598.08 0.000745 5.14 3436.21 524.93 0.3
7 (1b+2+3+4) 5607 0.2-Percent 18000 587.3 599.32 594.91 599.63 0.000684 5.45 4247.87 548.12 0.29
7 (1b+2+3+4) 5307 10-Percent 7990 585.8 594.67 594.9 0.000686 4.39 2365.25 479.65 0.28
7 (1b+2+3+4) 5307 2-Percent 11800 585.8 596.71 596.94 0.000524 4.47 3353.51 487.91 0.25
7 (1b+2+3+4) 5307 1-Percent 13600 585.8 597.49 597.73 0.000502 4.6 3732.04 491.75 0.25
7 (1b+2+3+4) 5307 0.2-Percent 18000 585.8 599.02 599.3 0.000505 5.05 4553.23 574.48 0.25
7 (1b+2+3+4) 5051 10-Percent 7990 584.3 594.17 594.49 0.000854 4.82 1895.88 320.29 0.31
7 (1b+2+3+4) 5051 2-Percent 11800 584.3 596.23 596.6 0.000742 5.26 2565.43 331.57 0.3
7 (1b+2+3+4) 5051 1-Percent 13600 584.3 597 597.4 0.000734 5.5 2867.61 477.89 0.3
7 (1b+2+3+4) 5051 0.2-Percent 18000 584.3 598.52 598.97 0.000717 5.95 3779.32 711.64 0.3
7 (1b+2+3+4) 4786 10-Percent 7990 582.8 593.59 594.05 0.000961 5.61 1529.04 204.32 0.33
7 (1b+2+3+4) 4786 2-Percent 11800 582.8 595.59 596.19 0.000971 6.46 2116.7 457.63 0.34
7 (1b+2+3+4) 4786 1-Percent 13600 582.8 596.36 596.98 0.00096 6.72 2506.75 576.63 0.35
7 (1b+2+3+4) 4786 0.2-Percent 18000 582.8 597.93 598.57 0.000909 7.11 3654.12 826.1 0.34
7 (1b+2+3+4) 4582 10-Percent 7990 582.7 593.03 593.59 0.001217 6.12 1392.88 205.08 0.37
7 (1b+2+3+4) 4582 2-Percent 11800 582.7 595.03 595.72 0.001187 6.95 1994.44 420.6 0.38
7 (1b+2+3+4) 4582 1-Percent 13600 582.7 595.79 596.52 0.001177 7.26 2402.89 618.65 0.38
7 (1b+2+3+4) 4582 0.2-Percent 18000 582.7 597.37 598.14 0.001119 7.72 3533.52 854.73 0.38
7 (1b+2+3+4) 4363 10-Percent 7990 582.5 592.71 588.54 593.12 0.000913 5.39 1641.92 237.07 0.32
7 (1b+2+3+4) 4363 2-Percent 11800 582.5 594.73 589.87 595.26 0.000906 6.17 2161.48 491.57 0.33
7 (1b+2+3+4) 4363 1-Percent 13600 582.5 595.48 590.39 596.06 0.000927 6.52 2387.73 683.43 0.34
7 (1b+2+3+4) 4363 0.2-Percent 18000 582.5 596.99 591.52 597.7 0.000983 7.29 3058.42 1123.5 0.36
7 (1b+2+3+4) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
7 (1b+2+3+4) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
7 (1b+2+3+4) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
7 (1b+2+3+4) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
7 (1b+2+3+4) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
7 (1b+2+3+4) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
7 (1b+2+3+4) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
7 (1b+2+3+4) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
7 (1b+2+3+4) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
7 (1b+2+3+4) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 12: Flood Scenario 7 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

7 (1b+2+3+4) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
7 (1b+2+3+4) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
7 (1b+2+3+4) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
7 (1b+2+3+4) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
7 (1b+2+3+4) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
7 (1b+2+3+4) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
7 (1b+2+3+4) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
7 (1b+2+3+4) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
7 (1b+2+3+4) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
7 (1b+2+3+4) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
7 (1b+2+3+4) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
7 (1b+2+3+4) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
7 (1b+2+3+4) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
7 (1b+2+3+4) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
7 (1b+2+3+4) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
7 (1b+2+3+4) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
7 (1b+2+3+4) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
7 (1b+2+3+4) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #8

Flood Bench Configuration: 5 + 6

Plan: UPDATE-FB-5+6-UTILITY-UP+DOWN-LEFT
Geometry: UPDATE-FB-5+6-UTILITY-UP+DOWN-LEFT
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 22: Flood Scenario #8 (5+6) Profile Plot
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Table 13: Flood Scenario 8 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

8 (5+6) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
8 (5+6) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
8 (5+6) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
8 (5+6) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
8 (5+6) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
8 (5+6) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
8 (5+6) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
8 (5+6) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
8 (5+6) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
8 (5+6) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
8 (5+6) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
8 (5+6) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
8 (5+6) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
8 (5+6) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
8 (5+6) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
8 (5+6) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
8 (5+6) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
8 (5+6) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
8 (5+6) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
8 (5+6) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
8 (5+6) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
8 (5+6) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
8 (5+6) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
8 (5+6) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
8 (5+6) 12986 10-Percent 7990 608.9 617.09 617.64 0.001416 6.23 1736.09 495.28 0.39
8 (5+6) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
8 (5+6) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
8 (5+6) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
8 (5+6) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.69 117.56 0.5
8 (5+6) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.75 134.63 0.55
8 (5+6) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
8 (5+6) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
8 (5+6) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002861 8.96 895.56 113.2 0.56
8 (5+6) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.93 115.53 0.59
8 (5+6) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
8 (5+6) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
8 (5+6) 11860 Union Rd Bridge
8 (5+6) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004416 10.14 789.17 110.21 0.66
8 (5+6) 11789 2-Percent 11800 605.5 614.76 613.12 617.12 0.005055 12.33 960.8 111.85 0.73
8 (5+6) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
8 (5+6) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
8 (5+6) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.64 125.79 0.43
8 (5+6) 11675 2-Percent 11800 602.4 614.92 616.24 0.00208 9.24 1297.64 129.74 0.5
8 (5+6) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53
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Table 13: Flood Scenario 8 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

8 (5+6) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
8 (5+6) 10302 10-Percent 7990 603.2 610.42 611.33 0.002587 7.73 1155.84 322.87 0.52
8 (5+6) 10302 2-Percent 11800 603.2 612.05 609.46 613.1 0.002403 8.6 1896.93 568.55 0.52
8 (5+6) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
8 (5+6) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
8 (5+6) 9372 10-Percent 7990 599.6 604.9 604.78 606.97 0.010108 11.55 693.47 157.47 0.96
8 (5+6) 9372 2-Percent 11800 599.6 606.08 606.07 608.89 0.010059 13.46 882.96 161.39 0.99
8 (5+6) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
8 (5+6) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
8 (5+6) 8312 10-Percent 7990 595.5 604.62 604.82 0.000573 3.97 3609.06 708.21 0.25
8 (5+6) 8312 2-Percent 11800 595.5 606.22 606.48 0.000601 4.61 4810.25 796.84 0.27
8 (5+6) 8312 1-Percent 13600 595.5 606.88 607.16 0.00061 4.86 5338.27 803 0.27
8 (5+6) 8312 0.2-Percent 18000 595.5 608.38 608.71 0.000617 5.36 6553.45 823.41 0.28
8 (5+6) 8145 10-Percent 7990 592.1 604.52 597.15 604.75 0.000324 3.79 2105.43 320.91 0.2
8 (5+6) 8145 2-Percent 11800 592.1 606 598.29 606.38 0.000467 4.95 2383.16 433.12 0.25
8 (5+6) 8145 1-Percent 13600 592.1 606.59 598.79 607.05 0.000533 5.45 2493.94 456.19 0.26
8 (5+6) 8145 0.2-Percent 18000 592.1 607.89 599.9 608.56 0.000683 6.57 2739.44 485.14 0.3
8 (5+6) 8049 Railroad Bridge Bridge
8 (5+6) 7984 10-Percent 7990 592.1 604 599.55 604.49 0.001013 5.62 1446.29 333.45 0.34
8 (5+6) 7984 2-Percent 11800 592.1 605.17 600.86 605.97 0.001433 7.27 1656.34 454.41 0.41
8 (5+6) 7984 1-Percent 13600 592.1 605.58 601.43 606.56 0.001652 8.02 1732.01 498.22 0.44
8 (5+6) 7984 0.2-Percent 18000 592.1 606.39 602.7 607.86 0.002228 9.8 1880.97 531.84 0.52
8 (5+6) 7758 10-Percent 7990 595 603.58 600.75 604 0.001166 5.68 1765.57 517.4 0.36
8 (5+6) 7758 2-Percent 11800 595 604.77 601.96 605.25 0.001232 6.42 2597.86 895.83 0.38
8 (5+6) 7758 1-Percent 13600 595 605.23 602.4 605.73 0.001219 6.6 2989.94 961 0.38
8 (5+6) 7758 0.2-Percent 18000 595 606.2 603.63 606.71 0.001191 6.96 3836.31 1005.24 0.38
8 (5+6) 7564 10-Percent 7990 594.9 603.04 603.48 0.001328 5.88 1760.5 580.98 0.38
8 (5+6) 7564 2-Percent 11800 594.9 604.28 604.73 0.001241 6.29 2728.26 888.08 0.38
8 (5+6) 7564 1-Percent 13600 594.9 604.78 605.21 0.00117 6.34 3188.47 956.78 0.37
8 (5+6) 7564 0.2-Percent 18000 594.9 605.8 606.21 0.001063 6.48 4206.16 1148.27 0.36
8 (5+6) 7340 10-Percent 7990 594.8 602.58 602.92 0.001219 5.41 1918.63 557.34 0.36
8 (5+6) 7340 2-Percent 11800 594.8 603.83 604.21 0.001158 5.88 2801.8 838.11 0.36
8 (5+6) 7340 1-Percent 13600 594.8 604.34 604.72 0.001113 6 3285.38 1061.04 0.36
8 (5+6) 7340 0.2-Percent 18000 594.8 605.41 605.77 0.000978 6.07 4510.8 1368.02 0.34
8 (5+6) 7151 10-Percent 7990 594.7 601.76 602.25 0.001806 5.96 1615.56 495.11 0.43
8 (5+6) 7151 2-Percent 11800 594.7 603.02 603.57 0.001697 6.56 2385.25 758.37 0.43
8 (5+6) 7151 1-Percent 13600 594.7 603.56 604.11 0.001601 6.68 2847.1 923.97 0.42
8 (5+6) 7151 0.2-Percent 18000 594.7 604.8 605.27 0.001237 6.48 4620 1951.07 0.38
8 (5+6) 6890 10-Percent 7990 593 600.97 599.04 601.35 0.001515 5.43 1792.8 1612.24 0.39
8 (5+6) 6890 2-Percent 11800 593 602.34 599.89 602.75 0.00132 5.82 2559.51 2043.63 0.38
8 (5+6) 6890 1-Percent 13600 593 602.93 600.26 603.34 0.001221 5.89 3000.3 2173.66 0.37
8 (5+6) 6890 0.2-Percent 18000 593 604.26 601.08 604.67 0.001027 5.99 4050.43 2326.3 0.35
8 (5+6) 6631 10-Percent 7990 592 599.58 597.98 600.22 0.002637 6.62 1311.82 303.24 0.51
8 (5+6) 6631 2-Percent 11800 592 600.89 598.94 601.7 0.002555 7.55 1712.09 357.49 0.52
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Table 13: Flood Scenario 8 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

8 (5+6) 6631 1-Percent 13600 592 601.45 599.33 602.33 0.002518 7.91 1885.08 391.95 0.52
8 (5+6) 6631 0.2-Percent 18000 592 602.71 600.25 603.75 0.002421 8.64 2330.78 569.64 0.52
8 (5+6) 6324 10-Percent 7990 590.5 598.4 595.89 598.9 0.001668 5.9 1486.39 323.05 0.41
8 (5+6) 6324 2-Percent 11800 590.5 599.68 597.02 600.35 0.001787 6.9 1928.75 356.62 0.44
8 (5+6) 6324 1-Percent 13600 590.5 600.27 597.43 600.99 0.001772 7.22 2136.33 447.5 0.44
8 (5+6) 6324 0.2-Percent 18000 590.5 601.61 598.5 602.44 0.001713 7.84 2614.81 588.64 0.45
8 (5+6) 6015 10-Percent 7990 588.7 596.68 597.36 0.002808 7.3 1360.52 391.88 0.53
8 (5+6) 6015 2-Percent 11800 588.7 598.38 599 0.001945 7.2 2057.87 427.06 0.46
8 (5+6) 6015 1-Percent 13600 588.7 599.08 599.71 0.001739 7.22 2364.65 441.4 0.44
8 (5+6) 6015 0.2-Percent 18000 588.7 600.65 601.26 0.001422 7.33 3203.25 606.4 0.41
8 (5+6) 5607 10-Percent 7990 587.3 595.5 593.07 595.92 0.001409 5.87 1640.26 345.06 0.39
8 (5+6) 5607 2-Percent 11800 587.3 597.51 593.97 597.94 0.00108 6.06 2520.6 508.9 0.35
8 (5+6) 5607 1-Percent 13600 587.3 598.3 594.38 598.74 0.000987 6.13 2927.75 511.89 0.34
8 (5+6) 5607 0.2-Percent 18000 587.3 599.98 595.27 600.44 0.000867 6.38 3791.69 522.27 0.33
8 (5+6) 5307 10-Percent 7990 585.8 594.91 595.27 0.000929 5.21 1814.73 351.72 0.32
8 (5+6) 5307 2-Percent 11800 585.8 597.05 597.43 0.00076 5.5 2755.62 478.86 0.3
8 (5+6) 5307 1-Percent 13600 585.8 597.86 598.26 0.00073 5.68 3149.5 484.78 0.3
8 (5+6) 5307 0.2-Percent 18000 585.8 599.56 600 0.000702 6.12 3985.14 519.96 0.3
8 (5+6) 5051 10-Percent 7990 584.3 594.2 590.41 594.7 0.001202 5.74 1436.22 206.59 0.36
8 (5+6) 5051 2-Percent 11800 584.3 596.26 591.62 596.91 0.001151 6.57 1948.53 301.22 0.37
8 (5+6) 5051 1-Percent 13600 584.3 597.06 592.13 597.76 0.00113 6.86 2225.73 360.37 0.37
8 (5+6) 5051 0.2-Percent 18000 584.3 598.75 593.33 599.52 0.001078 7.39 2838.24 366.48 0.37
8 (5+6) 4786 10-Percent 7990 582.8 593.61 589.12 594.17 0.001084 5.97 1354.02 162.68 0.35
8 (5+6) 4786 2-Percent 11800 582.8 595.6 590.5 596.36 0.001161 7.07 1761.02 226.8 0.38
8 (5+6) 4786 1-Percent 13600 582.8 596.36 591.06 597.2 0.001191 7.49 1953.77 261.47 0.39
8 (5+6) 4786 0.2-Percent 18000 582.8 597.93 592.42 598.95 0.001261 8.38 2367.37 266.15 0.41
8 (5+6) 4582 10-Percent 7990 582.7 593.03 589.02 593.66 0.001319 6.37 1278.39 165.23 0.38
8 (5+6) 4582 2-Percent 11800 582.7 594.99 590.43 595.82 0.001372 7.45 1675.35 219.76 0.41
8 (5+6) 4582 1-Percent 13600 582.7 595.71 591.03 596.65 0.001416 7.92 1836.98 225.28 0.42
8 (5+6) 4582 0.2-Percent 18000 582.7 597.16 592.41 598.35 0.00156 9.01 2174.87 252.83 0.45
8 (5+6) 4363 10-Percent 7990 582.5 592.55 588.33 593.14 0.001221 6.16 1312.26 164.05 0.37
8 (5+6) 4363 2-Percent 11800 582.5 594.45 589.72 595.28 0.00134 7.37 1652.17 369.96 0.4
8 (5+6) 4363 1-Percent 13600 582.5 595.14 590.3 596.08 0.00141 7.89 1836.59 549.17 0.42
8 (5+6) 4363 0.2-Percent 18000 582.5 596.59 591.65 597.72 0.0015 8.82 2375.41 958.21 0.44
8 (5+6) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
8 (5+6) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
8 (5+6) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
8 (5+6) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
8 (5+6) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
8 (5+6) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
8 (5+6) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
8 (5+6) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
8 (5+6) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
8 (5+6) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 13: Flood Scenario 8 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

8 (5+6) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
8 (5+6) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
8 (5+6) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
8 (5+6) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
8 (5+6) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
8 (5+6) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
8 (5+6) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
8 (5+6) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
8 (5+6) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
8 (5+6) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
8 (5+6) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
8 (5+6) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
8 (5+6) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
8 (5+6) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
8 (5+6) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
8 (5+6) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
8 (5+6) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
8 (5+6) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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Flood Scenario #9

Flood Bench Configuration: 1b + 2 + 3 + 4 + 5 + 6

Plan: UPDATE-FB-1b+2+3+4+5+6-FULL-SUITE
Geometry: UPDATE-FB-1b+2+3+4+5+6-FULL-SUITE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 23: Flood Scenario #9 (1b+2+3+4+5+6) Profile Plot
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Table 14: Flood Scenario 9 HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

9 (1b+2+3+4+5+6) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
9 (1b+2+3+4+5+6) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
9 (1b+2+3+4+5+6) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.22 292.19 0.49
9 (1b+2+3+4+5+6) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.6 300.59 0.52
9 (1b+2+3+4+5+6) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.16 306.63 0.56
9 (1b+2+3+4+5+6) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.75 383.6 0.58
9 (1b+2+3+4+5+6) 19313 1-Percent 13600 620.4 630.82 632.26 0.002981 10.15 1839 441.87 0.59
9 (1b+2+3+4+5+6) 19313 0.2-Percent 18000 620.4 632.18 630.62 633.75 0.002879 10.93 2522.14 587.78 0.59
9 (1b+2+3+4+5+6) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.24 467.86 0.44
9 (1b+2+3+4+5+6) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2590.92 496.45 0.44
9 (1b+2+3+4+5+6) 18244 1-Percent 13600 617.6 629.04 629.77 0.001597 7.92 2942.21 525.34 0.44
9 (1b+2+3+4+5+6) 18244 0.2-Percent 18000 617.6 630.55 631.34 0.001514 8.46 3805.28 582.51 0.44
9 (1b+2+3+4+5+6) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.29 449.96 0.46
9 (1b+2+3+4+5+6) 17053 2-Percent 11800 615.5 625.99 626.9 0.001963 8.38 2445.93 516.05 0.48
9 (1b+2+3+4+5+6) 17053 1-Percent 13600 615.5 626.65 627.63 0.001977 8.8 2794.51 525.92 0.49
9 (1b+2+3+4+5+6) 17053 0.2-Percent 18000 615.5 628.13 629.25 0.001985 9.65 3589.78 557.64 0.5
9 (1b+2+3+4+5+6) 15751 10-Percent 7990 612.8 621.48 622.31 0.002377 7.65 1275.62 297.31 0.5
9 (1b+2+3+4+5+6) 15751 2-Percent 11800 612.8 622.94 624 0.002512 8.9 1759.86 349.52 0.53
9 (1b+2+3+4+5+6) 15751 1-Percent 13600 612.8 623.57 624.72 0.002518 9.34 1985.54 360.25 0.54
9 (1b+2+3+4+5+6) 15751 0.2-Percent 18000 612.8 625.09 626.39 0.002415 10.12 2545.4 374.73 0.54
9 (1b+2+3+4+5+6) 14403 10-Percent 7990 610.3 619.25 619.71 0.001482 6.2 2234.26 539.57 0.4
9 (1b+2+3+4+5+6) 14403 2-Percent 11800 610.3 621.12 621.56 0.001194 6.45 3263.52 572.17 0.37
9 (1b+2+3+4+5+6) 14403 1-Percent 13600 610.3 621.93 622.37 0.001093 6.52 3734.63 594.15 0.36
9 (1b+2+3+4+5+6) 14403 0.2-Percent 18000 610.3 623.88 624.29 0.00087 6.53 5014.3 708.31 0.33
9 (1b+2+3+4+5+6) 12986 10-Percent 7990 608.9 617.09 617.64 0.001417 6.23 1736.03 495.23 0.39
9 (1b+2+3+4+5+6) 12986 2-Percent 11800 608.9 619.48 619.99 0.001017 6.31 3497.77 888.88 0.35
9 (1b+2+3+4+5+6) 12986 1-Percent 13600 608.9 620.52 620.99 0.000867 6.22 4438.4 920.05 0.33
9 (1b+2+3+4+5+6) 12986 0.2-Percent 18000 608.9 622.83 623.23 0.000643 6.07 6623.01 966.59 0.29
9 (1b+2+3+4+5+6) 12162 10-Percent 7990 604.9 614.98 616.12 0.002285 8.62 955.66 117.56 0.5
9 (1b+2+3+4+5+6) 12162 2-Percent 11800 604.9 617.01 618.63 0.002506 10.32 1204.74 134.63 0.55
9 (1b+2+3+4+5+6) 12162 1-Percent 13600 604.9 617.86 619.71 0.002579 11.01 1325.92 158.1 0.56
9 (1b+2+3+4+5+6) 12162 0.2-Percent 18000 604.9 620.19 615.89 622.17 0.002287 11.67 2144.46 464.7 0.54
9 (1b+2+3+4+5+6) 11955 10-Percent 7990 605.5 614.34 611.72 615.58 0.002862 8.96 895.5 113.2 0.56
9 (1b+2+3+4+5+6) 11955 2-Percent 11800 605.5 616.3 613.35 618.05 0.003012 10.62 1119.92 115.53 0.59
9 (1b+2+3+4+5+6) 11955 1-Percent 13600 605.5 617.14 614.06 619.11 0.003059 11.29 1217.22 121.11 0.6
9 (1b+2+3+4+5+6) 11955 0.2-Percent 18000 605.5 619.16 615.65 621.59 0.003014 12.55 1459.52 154.88 0.62
9 (1b+2+3+4+5+6) 11860 Union Rd Bridge
9 (1b+2+3+4+5+6) 11789 10-Percent 7990 605.5 613.21 611.45 614.81 0.004418 10.14 789.07 110.21 0.66
9 (1b+2+3+4+5+6) 11789 2-Percent 11800 605.5 614.75 613.12 617.12 0.005056 12.33 960.74 111.85 0.73
9 (1b+2+3+4+5+6) 11789 1-Percent 13600 605.5 615.29 613.85 618.08 0.005503 13.39 1021.27 112.36 0.77
9 (1b+2+3+4+5+6) 11789 0.2-Percent 18000 605.5 616.4 615.46 620.28 0.00662 15.82 1147.98 117.14 0.86
9 (1b+2+3+4+5+6) 11675 10-Percent 7990 602.4 613.29 614.14 0.001658 7.4 1089.54 125.79 0.43
9 (1b+2+3+4+5+6) 11675 2-Percent 11800 602.4 614.92 616.24 0.002081 9.25 1297.57 129.74 0.5
9 (1b+2+3+4+5+6) 11675 1-Percent 13600 602.4 615.51 617.08 0.00231 10.09 1374.17 131.07 0.53
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Table 14: Flood Scenario 9 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

9 (1b+2+3+4+5+6) 11675 0.2-Percent 18000 602.4 616.75 618.98 0.00285 12.02 1539.74 137.59 0.6
9 (1b+2+3+4+5+6) 10302 10-Percent 7990 603.2 610.48 611.37 0.002505 7.65 1175.86 345.04 0.51
9 (1b+2+3+4+5+6) 10302 2-Percent 11800 603.2 612.06 609.46 613.1 0.002394 8.59 1900.99 568.72 0.52
9 (1b+2+3+4+5+6) 10302 1-Percent 13600 603.2 612.55 610.2 613.67 0.002466 9.05 2184.57 589.07 0.53
9 (1b+2+3+4+5+6) 10302 0.2-Percent 18000 603.2 613.23 612.13 614.7 0.003059 10.58 2588.13 602.95 0.6
9 (1b+2+3+4+5+6) 9372 10-Percent 7990 599.6 604.78 604.78 606.96 0.011022 11.85 675.35 156.98 1
9 (1b+2+3+4+5+6) 9372 2-Percent 11800 599.6 606.07 606.07 608.89 0.010151 13.5 880.47 161.34 1
9 (1b+2+3+4+5+6) 9372 1-Percent 13600 599.6 606.96 606.96 609.69 0.008171 13.34 1056.49 244.39 0.92
9 (1b+2+3+4+5+6) 9372 0.2-Percent 18000 599.6 608.87 608.87 611.04 0.005014 12.39 1721.36 525.34 0.75
9 (1b+2+3+4+5+6) 8312 10-Percent 7990 595.5 603.77 604.05 0.000899 4.61 3018.02 695.93 0.31
9 (1b+2+3+4+5+6) 8312 2-Percent 11800 595.5 605.24 605.59 0.00093 5.33 4055.5 735.74 0.32
9 (1b+2+3+4+5+6) 8312 1-Percent 13600 595.5 605.91 606.28 0.000914 5.56 4562.1 773.05 0.32
9 (1b+2+3+4+5+6) 8312 0.2-Percent 18000 595.5 607.56 607.96 0.000826 5.9 5883.15 810.61 0.32
9 (1b+2+3+4+5+6) 8145 10-Percent 7990 592.1 603.69 597.15 603.95 0.000419 4.1 1948.56 259.94 0.22
9 (1b+2+3+4+5+6) 8145 2-Percent 11800 592.1 605.01 598.29 605.46 0.000613 5.37 2196.84 344.66 0.28
9 (1b+2+3+4+5+6) 8145 1-Percent 13600 592.1 605.6 598.79 606.14 0.000691 5.89 2307.53 382.67 0.3
9 (1b+2+3+4+5+6) 8145 0.2-Percent 18000 592.1 607.03 599.9 607.79 0.000837 6.98 2577.65 465.84 0.33
9 (1b+2+3+4+5+6) 8049 Railroad Bridge Bridge
9 (1b+2+3+4+5+6) 7984 10-Percent 7990 592.1 602.96 599.55 603.6 0.001574 6.42 1259.48 197.13 0.41
9 (1b+2+3+4+5+6) 7984 2-Percent 11800 592.1 603.73 600.86 604.86 0.002466 8.58 1397.39 307.81 0.52
9 (1b+2+3+4+5+6) 7984 1-Percent 13600 592.1 604.01 601.43 605.42 0.002922 9.55 1448.28 334.66 0.57
9 (1b+2+3+4+5+6) 7984 0.2-Percent 18000 592.1 604.57 602.7 606.72 0.004138 11.84 1548.07 371.63 0.69
9 (1b+2+3+4+5+6) 7758 10-Percent 7990 595 602.59 601.29 602.86 0.001116 5.07 2455.9 845.94 0.34
9 (1b+2+3+4+5+6) 7758 2-Percent 11800 595 603.43 601.93 603.75 0.001221 5.73 3171.32 856.25 0.37
9 (1b+2+3+4+5+6) 7758 1-Percent 13600 595 603.77 602.17 604.11 0.001261 6 3463.53 858.51 0.37
9 (1b+2+3+4+5+6) 7758 0.2-Percent 18000 595 604.54 602.68 604.93 0.001328 6.54 4120.78 925.23 0.39
9 (1b+2+3+4+5+6) 7564 10-Percent 7990 594.9 602.1 602.37 0.001238 5.19 2432.35 873.43 0.36
9 (1b+2+3+4+5+6) 7564 2-Percent 11800 594.9 602.88 603.21 0.001364 5.87 3124.49 885.95 0.38
9 (1b+2+3+4+5+6) 7564 1-Percent 13600 594.9 603.21 603.56 0.001407 6.14 3411.07 887.9 0.39
9 (1b+2+3+4+5+6) 7564 0.2-Percent 18000 594.9 603.95 604.35 0.001462 6.66 4070.2 896.43 0.41
9 (1b+2+3+4+5+6) 7340 10-Percent 7990 594.8 601.48 601.79 0.001588 5.51 2304.36 999.1 0.4
9 (1b+2+3+4+5+6) 7340 2-Percent 11800 594.8 602.26 602.6 0.001627 6.05 3082.99 1015.12 0.41
9 (1b+2+3+4+5+6) 7340 1-Percent 13600 594.8 602.58 602.94 0.001619 6.23 3415.33 1025.66 0.41
9 (1b+2+3+4+5+6) 7340 0.2-Percent 18000 594.8 603.35 603.72 0.001552 6.53 4210.64 1063.02 0.41
9 (1b+2+3+4+5+6) 7151 10-Percent 7990 594.7 600.72 601.02 0.001818 5.28 2283.63 992.8 0.42
9 (1b+2+3+4+5+6) 7151 2-Percent 11800 594.7 601.5 601.83 0.001764 5.73 3060.81 1006.13 0.42
9 (1b+2+3+4+5+6) 7151 1-Percent 13600 594.7 601.84 602.18 0.001719 5.87 3410.87 1069.43 0.42
9 (1b+2+3+4+5+6) 7151 0.2-Percent 18000 594.7 602.67 603.02 0.001536 6.04 4312.61 1097.17 0.4
9 (1b+2+3+4+5+6) 6890 10-Percent 7990 593 599.98 598.99 600.19 0.001332 4.52 2700.11 1321.2 0.36
9 (1b+2+3+4+5+6) 6890 2-Percent 11800 593 600.81 599.42 601.03 0.001248 4.84 3618.08 1860.98 0.35
9 (1b+2+3+4+5+6) 6890 1-Percent 13600 593 601.18 599.6 601.41 0.001192 4.93 4043.34 2012.64 0.35
9 (1b+2+3+4+5+6) 6890 0.2-Percent 18000 593 602.11 599.98 602.34 0.001019 5 5120.79 2125.54 0.33
9 (1b+2+3+4+5+6) 6631 10-Percent 7990 592 598.88 598.09 599.22 0.002199 5.5 2048.72 845.94 0.45
9 (1b+2+3+4+5+6) 6631 2-Percent 11800 592 599.8 598.61 600.15 0.0019 5.77 2833.63 856.02 0.43
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Table 14: Flood Scenario 9 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

9 (1b+2+3+4+5+6) 6631 1-Percent 13600 592 600.23 598.8 600.59 0.00175 5.83 3202.73 857.62 0.42
9 (1b+2+3+4+5+6) 6631 0.2-Percent 18000 592 601.29 599.27 601.65 0.001417 5.85 4118.1 861.57 0.39
9 (1b+2+3+4+5+6) 6324 10-Percent 7990 590.5 597.72 596.49 598.07 0.001592 5.35 2061.51 735.17 0.39
9 (1b+2+3+4+5+6) 6324 2-Percent 11800 590.5 598.74 597.24 599.11 0.001501 5.79 2817.51 749.45 0.39
9 (1b+2+3+4+5+6) 6324 1-Percent 13600 590.5 599.26 597.51 599.63 0.001368 5.82 3212.3 751.33 0.38
9 (1b+2+3+4+5+6) 6324 0.2-Percent 18000 590.5 600.52 598.04 600.88 0.001113 5.83 4155.59 755.8 0.35
9 (1b+2+3+4+5+6) 6015 10-Percent 7990 588.7 596.02 596.55 0.002894 6.85 1655.77 616.74 0.53
9 (1b+2+3+4+5+6) 6015 2-Percent 11800 588.7 597.59 597.98 0.001661 6.18 2635.11 629.4 0.42
9 (1b+2+3+4+5+6) 6015 1-Percent 13600 588.7 598.28 598.65 0.001384 6.02 3070.18 631.55 0.39
9 (1b+2+3+4+5+6) 6015 0.2-Percent 18000 588.7 599.73 600.1 0.001071 5.96 3991.84 636.06 0.35
9 (1b+2+3+4+5+6) 5607 10-Percent 7990 587.3 595.08 593.12 595.32 0.001031 4.82 2303.08 587.02 0.33
9 (1b+2+3+4+5+6) 5607 2-Percent 11800 587.3 597.01 593.76 597.22 0.000663 4.58 3440.82 591.55 0.28
9 (1b+2+3+4+5+6) 5607 1-Percent 13600 587.3 597.77 594.06 597.98 0.0006 4.61 3889.67 593.32 0.27
9 (1b+2+3+4+5+6) 5607 0.2-Percent 18000 587.3 599.29 594.64 599.54 0.000542 4.84 4797.04 596.9 0.26
9 (1b+2+3+4+5+6) 5307 10-Percent 7990 585.8 594.68 594.87 0.000602 4.11 2629.68 557.59 0.26
9 (1b+2+3+4+5+6) 5307 2-Percent 11800 585.8 596.73 596.92 0.000441 4.11 3779.72 564.11 0.23
9 (1b+2+3+4+5+6) 5307 1-Percent 13600 585.8 597.51 597.7 0.000417 4.2 4218.63 566.57 0.23
9 (1b+2+3+4+5+6) 5307 0.2-Percent 18000 585.8 599.05 599.27 0.000406 4.53 5093.81 575.01 0.23
9 (1b+2+3+4+5+6) 5051 10-Percent 7990 584.3 594.17 594.49 0.000854 4.82 1895.88 320.29 0.31
9 (1b+2+3+4+5+6) 5051 2-Percent 11800 584.3 596.23 596.6 0.000742 5.26 2565.43 331.57 0.3
9 (1b+2+3+4+5+6) 5051 1-Percent 13600 584.3 597 597.4 0.000734 5.5 2867.61 477.89 0.3
9 (1b+2+3+4+5+6) 5051 0.2-Percent 18000 584.3 598.52 598.97 0.000717 5.95 3779.32 711.64 0.3
9 (1b+2+3+4+5+6) 4786 10-Percent 7990 582.8 593.59 594.05 0.000961 5.61 1529.04 204.32 0.33
9 (1b+2+3+4+5+6) 4786 2-Percent 11800 582.8 595.59 596.19 0.000971 6.46 2116.7 457.63 0.34
9 (1b+2+3+4+5+6) 4786 1-Percent 13600 582.8 596.36 596.98 0.00096 6.72 2506.75 576.63 0.35
9 (1b+2+3+4+5+6) 4786 0.2-Percent 18000 582.8 597.93 598.57 0.000909 7.11 3654.12 826.1 0.34
9 (1b+2+3+4+5+6) 4582 10-Percent 7990 582.7 593.03 593.59 0.001217 6.12 1392.88 205.08 0.37
9 (1b+2+3+4+5+6) 4582 2-Percent 11800 582.7 595.03 595.72 0.001187 6.95 1994.44 420.6 0.38
9 (1b+2+3+4+5+6) 4582 1-Percent 13600 582.7 595.79 596.52 0.001177 7.26 2402.89 618.65 0.38
9 (1b+2+3+4+5+6) 4582 0.2-Percent 18000 582.7 597.37 598.14 0.001119 7.72 3533.52 854.73 0.38
9 (1b+2+3+4+5+6) 4363 10-Percent 7990 582.5 592.71 588.54 593.12 0.000913 5.39 1641.92 237.07 0.32
9 (1b+2+3+4+5+6) 4363 2-Percent 11800 582.5 594.73 589.87 595.26 0.000906 6.17 2161.48 491.57 0.33
9 (1b+2+3+4+5+6) 4363 1-Percent 13600 582.5 595.48 590.39 596.06 0.000927 6.52 2387.73 683.43 0.34
9 (1b+2+3+4+5+6) 4363 0.2-Percent 18000 582.5 596.99 591.52 597.7 0.000983 7.29 3058.42 1123.5 0.36
9 (1b+2+3+4+5+6) 4182 10-Percent 7990 582.4 592.31 588.27 592.91 0.001282 6.23 1296.47 164.95 0.38
9 (1b+2+3+4+5+6) 4182 2-Percent 11800 582.4 594.17 589.64 595.03 0.001413 7.48 1626.48 243.93 0.41
9 (1b+2+3+4+5+6) 4182 1-Percent 13600 582.4 594.83 590.22 595.81 0.001505 8.04 1777.42 377.88 0.43
9 (1b+2+3+4+5+6) 4182 0.2-Percent 18000 582.4 596.15 591.56 597.41 0.001703 9.23 2152.41 632.12 0.46
9 (1b+2+3+4+5+6) 3997 10-Percent 7990 582.3 592.12 587.76 592.67 0.001125 5.95 1352.94 190.66 0.36
9 (1b+2+3+4+5+6) 3997 2-Percent 11800 582.3 593.96 589.1 594.76 0.001283 7.22 1664.48 223.99 0.39
9 (1b+2+3+4+5+6) 3997 1-Percent 13600 582.3 594.59 589.64 595.53 0.001394 7.82 1802.75 281.59 0.41
9 (1b+2+3+4+5+6) 3997 0.2-Percent 18000 582.3 595.81 590.98 597.1 0.001689 9.23 2124.72 512.9 0.46
9 (1b+2+3+4+5+6) 3670 10-Percent 7990 582.1 591.97 592.32 0.000786 5.14 3197.67 1118.11 0.3
9 (1b+2+3+4+5+6) 3670 2-Percent 11800 582.1 594.03 594.34 0.000623 5.24 5655.63 1230.59 0.28
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Table 14: Flood Scenario 9 HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl

9 (1b+2+3+4+5+6) 3670 1-Percent 13600 582.1 594.75 595.07 0.000605 5.39 6554.79 1256.34 0.28
9 (1b+2+3+4+5+6) 3670 0.2-Percent 18000 582.1 596.18 596.52 0.000604 5.81 8437.7 1373.85 0.28
9 (1b+2+3+4+5+6) 2921 10-Percent 7990 576.6 591.5 591.86 0.000498 4.85 1852.73 452.33 0.25
9 (1b+2+3+4+5+6) 2921 2-Percent 11800 576.6 593.39 593.87 0.000588 5.82 3296.29 1158.38 0.28
9 (1b+2+3+4+5+6) 2921 1-Percent 13600 576.6 594.11 594.6 0.000591 6.04 4255.27 1414.15 0.28
9 (1b+2+3+4+5+6) 2921 0.2-Percent 18000 576.6 595.64 596.08 0.000535 6.15 6446.61 1446.59 0.27
9 (1b+2+3+4+5+6) 1922 10-Percent 7990 573.7 591.43 591.52 0.000159 3.15 6696.9 1308.98 0.15
9 (1b+2+3+4+5+6) 1922 2-Percent 11800 573.7 593.4 593.49 0.000151 3.34 9344.27 1355.68 0.14
9 (1b+2+3+4+5+6) 1922 1-Percent 13600 573.7 594.12 594.22 0.000152 3.45 10348.69 1409.83 0.15
9 (1b+2+3+4+5+6) 1922 0.2-Percent 18000 573.7 595.61 595.71 0.00016 3.74 12703.76 1786.97 0.15
9 (1b+2+3+4+5+6) 833 10-Percent 7990 571.5 591.31 591.38 0.000094 2.65 5431.72 1295.17 0.11
9 (1b+2+3+4+5+6) 833 2-Percent 11800 571.5 593.29 593.36 0.000089 2.77 8382.02 1690.87 0.11
9 (1b+2+3+4+5+6) 833 1-Percent 13600 571.5 594.02 594.08 0.000088 2.82 9641.88 1774.35 0.11
9 (1b+2+3+4+5+6) 833 0.2-Percent 18000 571.5 595.51 595.58 0.000087 2.96 12526.76 2314.31 0.11
9 (1b+2+3+4+5+6) 279 10-Percent 7990 571 591.21 580.11 591.3 0.00012 2.8 4718.34 1042.68 0.13
9 (1b+2+3+4+5+6) 279 2-Percent 11800 571 593.19 581.81 593.28 0.00012 3.04 6888.45 1267.82 0.13
9 (1b+2+3+4+5+6) 279 1-Percent 13600 571 593.91 582.54 594 0.00012 3.12 7968.79 1787.95 0.13
9 (1b+2+3+4+5+6) 279 0.2-Percent 18000 571 595.4 584.12 595.5 0.00012 3.29 11205.39 2338.5 0.13
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1-D HEC-RAS Hydraulic & Hydrologic Model
Ice-Jam Simulations for Existing and Proposed Conditions Models

Buffalo Creek - Town of West Seneca, Erie County, NY
Ramboll Americas Engineering Solutions, Inc.

December 20, 2022
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FEMA Effective Model with Ice Cover

Plan: Effective_FEMA_BC_ICE
Geometry: Effective_FEMA_BC_ICE
Steady Flow Data: FEMA FIS 1-Percent
Date: December 2022
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Figure 24: Effective FEMA Profile Plot
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Figure 25: Ice Cover Data Table
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Table 1: Effective FEMA with Ice Cover HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Effective FEMA (FIS) 20473 1-Percent 16000 621.4 635.1 630.06 636.14 0.002422 8.44 2339.4 363.98 0.42
Effective FEMA (FIS) 19313 1-Percent 16000 620.4 631.83 629.79 633.19 0.002611 9.92 2282.72 560.78 0.56
Effective FEMA (FIS) 18263 1-Percent 16000 617.6 629.96 630.41 0.00219 6.11 3644.22 573.42 0.33
Effective FEMA (FIS) 17053 1-Percent 16000 615.5 628.24 628.59 0.001069 4.99 4138.64 632.76 0.28
Effective FEMA (FIS) 15733 1-Percent 16000 612.8 625.83 626.36 0.003008 5.98 2955.98 381.32 0.34
Effective FEMA (FIS) 14399 1-Percent 16000 610.3 624.61 624.74 0.000583 2.88 5954.18 750.26 0.16
Effective FEMA (FIS) 12984 1-Percent 16000 608.9 624.06 615.52 624.14 0.000307 2.64 10513.81 1614.9 0.13
Effective FEMA (FIS) 11955 1-Percent 16000 604.9 622.13 615.38 623.45 0.001286 9.28 1888.5 429.9 0.42
Effective FEMA (FIS) 11899 1-Percent 16000 605.5 622.07 614.87 623.37 0.001164 9.15 1747.96 151.61 0.4
Effective FEMA (FIS) 11850 Bridge
Effective FEMA (FIS) 11826 1-Percent 16000 605.5 621.16 615.75 622.82 0.004406 10.34 1547.06 141.67 0.49 1
Effective FEMA (FIS) 11682 1-Percent 16000 602.4 620.84 613.71 621.8 0.004836 7.98 2325.7 366.38 0.36 1
Effective FEMA (FIS) 10330 1-Percent 16000 603.2 616.34 616.76 0.002799 5.67 3808.96 670.4 0.33 1
Effective FEMA (FIS) 9376 1-Percent 16000 599.6 613.24 610.97 613.84 0.003324 7.59 4276.3 1259.6 0.41 1
Effective FEMA (FIS) 8312 1-Percent 16000 595.5 609.53 604.94 609.88 0.004037 0.7 3556.4 584.46 0.1 12.93
Effective FEMA (FIS) 8081 1-Percent 16000 592.1 608.42 602.41 609.31 0.000993 7.58 2111.77 260.68 0.38 1
Effective FEMA (FIS) 8050 Bridge
Effective FEMA (FIS) 8016 1-Percent 16000 592.1 608.35 602.41 609.25 0.001012 7.62 2099.92 323.33 0.38 1
Effective FEMA (FIS) 7906 1-Percent 16000 595.2 608.38 603.55 608.89 0.002332 6.34 4366.1 1036.53 0.34 1
Effective FEMA (FIS) 7140 1-Percent 16000 594.7 606.12 603.39 606.61 0.003903 6.33 4321.31 1404.51 0.4 1
Effective FEMA (FIS) 6009 1-Percent 16000 588.7 602.18 597.64 602.8 0.002921 6.47 3148.32 957.35 0.37 1
Effective FEMA (FIS) 4785 1-Percent 16000 582.8 600.51 593.05 600.79 0.000968 4.8 6474.99 1491.53 0.23 1
Effective FEMA (FIS) 3686 1-Percent 16000 582.1 597.3 593.17 598.62 0.005097 9.26 1904.8 1506.92 0.5 1
Effective FEMA (FIS) 2949 1-Percent 16000 576.6 595.92 588.34 596.23 0.001797 5.2 5830.47 1435.89 0.24 1
Effective FEMA (FIS) 1922 1-Percent 16000 573.7 594.03 594.15 0.002169 3.87 6209.09 977.3 0.22 7.26
Effective FEMA (FIS) 866 1-Percent 16000 571.5 591.87 585.35 592.27 0.001453 6.02 5251.94 1208.37 0.29 1
Effective FEMA (FIS) 279 1-Percent 16000 571 590.94 584.27 591.48 0.001201 6.66 3591.4 789.43 0.31 1
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Table 2: Effective FEMA with Ice Cover using USGS StreamStats Discharges HEC-RAS
Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Effective FEMA (USGS) 20473 10-Percent 7990 621.4 631.86 627.21 632.43 0.001879 6.06 1357.15 185.89 0.36
Effective FEMA (USGS) 20473 2-Percent 11800 621.4 633.59 628.68 634.42 0.0022 7.37 1814.75 337.25 0.4
Effective FEMA (USGS) 20473 1-Percent 13600 621.4 634.28 629.31 635.2 0.002305 7.86 2050.13 348.33 0.41
Effective FEMA (USGS) 20473 0.2-Percent 18000 621.4 635.67 630.7 636.83 0.002553 8.93 2542.47 429.62 0.44
Effective FEMA (USGS) 19313 10-Percent 7990 620.4 629.04 626.42 629.94 0.002401 7.64 1188.13 371.99 0.5
Effective FEMA (USGS) 19313 2-Percent 11800 620.4 630.47 627.85 631.63 0.00257 8.92 1738.49 394.03 0.54
Effective FEMA (USGS) 19313 1-Percent 13600 620.4 631.08 628.77 632.33 0.002593 9.38 1979.32 439.39 0.55
Effective FEMA (USGS) 19313 0.2-Percent 18000 620.4 632.44 630.34 633.85 0.002541 10.19 2730.41 617.63 0.55
Effective FEMA (USGS) 18263 10-Percent 7990 617.6 626.72 627.1 0.002729 5.31 1960.44 490.74 0.35
Effective FEMA (USGS) 18263 2-Percent 11800 617.6 628.39 628.8 0.002398 5.73 2792.41 506.35 0.34
Effective FEMA (USGS) 18263 1-Percent 13600 617.6 629.09 629.52 0.002302 5.91 3154.29 533.93 0.34
Effective FEMA (USGS) 18263 0.2-Percent 18000 617.6 630.72 631.17 0.002056 6.2 4079.84 585.62 0.33
Effective FEMA (USGS) 17053 10-Percent 7990 615.5 624.83 625.09 0.001084 4.13 2129.69 511.75 0.28
Effective FEMA (USGS) 17053 2-Percent 11800 615.5 626.56 626.87 0.001107 4.64 3106.21 592.82 0.28
Effective FEMA (USGS) 17053 1-Percent 13600 615.5 627.31 627.64 0.00109 4.8 3559.13 610.66 0.28
Effective FEMA (USGS) 17053 0.2-Percent 18000 615.5 629.1 629.45 0.001007 5.06 4691.25 653.13 0.27
Effective FEMA (USGS) 15733 10-Percent 7990 612.8 622.13 622.54 0.0043 5.15 1621.19 340.6 0.38
Effective FEMA (USGS) 15733 2-Percent 11800 612.8 623.98 624.45 0.003549 5.62 2266.7 360.87 0.36
Effective FEMA (USGS) 15733 1-Percent 13600 612.8 624.82 625.31 0.003245 5.77 2576.35 370.19 0.35
Effective FEMA (USGS) 15733 0.2-Percent 18000 612.8 626.89 627.41 0.002606 5.97 3367.08 393.01 0.32
Effective FEMA (USGS) 14399 10-Percent 7990 610.3 620.28 620.39 0.00079 2.58 3125.48 564.55 0.19
Effective FEMA (USGS) 14399 2-Percent 11800 610.3 622.49 622.61 0.00067 2.74 4455.94 654.92 0.17
Effective FEMA (USGS) 14399 1-Percent 13600 610.3 623.49 623.61 0.000617 2.79 5134.41 703.34 0.16
Effective FEMA (USGS) 14399 0.2-Percent 18000 610.3 625.89 626.01 0.000495 2.82 6944.43 796.45 0.15
Effective FEMA (USGS) 12984 10-Percent 7990 608.9 619.32 613.62 619.43 0.000581 2.8 3696.84 1122.82 0.17
Effective FEMA (USGS) 12984 2-Percent 11800 608.9 621.73 614.63 621.84 0.000447 2.84 5915.19 1356.16 0.16
Effective FEMA (USGS) 12984 1-Percent 13600 608.9 622.79 615.06 622.9 0.000414 2.88 6990.31 1557.67 0.15
Effective FEMA (USGS) 12984 0.2-Percent 18000 608.9 625.46 615.87 625.53 0.00024 2.48 12805.66 1667.27 0.12
Effective FEMA (USGS) 11955 10-Percent 7990 604.9 618.01 612.1 618.64 0.000917 6.37 1282.16 123.24 0.33
Effective FEMA (USGS) 11955 2-Percent 11800 604.9 620.08 613.77 621.05 0.001137 7.94 1543.06 225.23 0.38
Effective FEMA (USGS) 11955 1-Percent 13600 604.9 620.99 614.48 622.12 0.00121 8.55 1664.82 289.92 0.4
Effective FEMA (USGS) 11955 0.2-Percent 18000 604.9 623.59 616.1 624.93 0.001174 9.41 2285.2 616.21 0.4
Effective FEMA (USGS) 11899 10-Percent 7990 605.5 617.98 611.65 618.57 0.000781 6.15 1298.8 134.64 0.32
Effective FEMA (USGS) 11899 2-Percent 11800 605.5 620.04 613.28 620.97 0.000998 7.74 1525.09 137.47 0.37
Effective FEMA (USGS) 11899 1-Percent 13600 605.5 620.94 613.99 622.03 0.001074 8.37 1624.31 142.18 0.38
Effective FEMA (USGS) 11899 0.2-Percent 18000 605.5 623.66 615.6 624.72 0.001279 8.27 2417.39 441.97 0.35
Effective FEMA (USGS) 11850 Bridge
Effective FEMA (USGS) 11826 10-Percent 7990 605.5 617.73 612.56 618.45 0.002792 6.83 1169.5 135.66 0.37 1
Effective FEMA (USGS) 11826 2-Percent 11800 605.5 619.61 614.2 620.75 0.003539 8.57 1376.3 138.93 0.43 1
Effective FEMA (USGS) 11826 1-Percent 13600 605.5 620.35 614.91 621.7 0.003882 9.33 1457.68 140.22 0.45 1
Effective FEMA (USGS) 11826 0.2-Percent 18000 605.5 621.77 616.52 623.71 0.004833 11.15 1614.94 142.82 0.51 1
Effective FEMA (USGS) 11682 10-Percent 7990 602.4 617.45 610.59 617.89 0.003019 5.31 1528.4 144.23 0.28 1
Effective FEMA (USGS) 11682 2-Percent 11800 602.4 619.28 612.2 619.99 0.004009 6.75 1806.39 218.41 0.33 1
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Table 2: Effective FEMA with Ice Cover using USGS StreamStats Discharges HEC-RAS
Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Effective FEMA (USGS) 11682 1-Percent 13600 602.4 620.01 612.88 620.84 0.004411 7.34 2024.53 357.48 0.34 1
Effective FEMA (USGS) 11682 0.2-Percent 18000 602.4 621.5 614.37 622.55 0.005102 8.44 2567.73 373.49 0.38 1
Effective FEMA (USGS) 10330 10-Percent 7990 603.2 613.83 614.11 0.002534 4.44 2229.07 595.04 0.31 1
Effective FEMA (USGS) 10330 2-Percent 11800 603.2 615.16 615.51 0.002658 5.07 3043.76 626.64 0.32 1
Effective FEMA (USGS) 10330 1-Percent 13600 603.2 615.66 616.04 0.002772 5.37 3358.01 644.97 0.33 1
Effective FEMA (USGS) 10330 0.2-Percent 18000 603.2 616.76 617.22 0.002953 5.99 4139.29 854.94 0.34 1
Effective FEMA (USGS) 9376 10-Percent 7990 599.6 610.59 607.52 611.15 0.003799 6.52 1846.1 633.49 0.4 1
Effective FEMA (USGS) 9376 2-Percent 11800 599.6 611.97 609.73 612.56 0.003571 7.14 2743.38 925.28 0.41 1
Effective FEMA (USGS) 9376 1-Percent 13600 599.6 612.52 610.31 613.1 0.003409 7.28 3421.29 1072.58 0.4 1
Effective FEMA (USGS) 9376 0.2-Percent 18000 599.6 613.74 611.35 614.31 0.00312 7.62 4917.27 1273.64 0.4 1
Effective FEMA (USGS) 8312 10-Percent 7990 595.5 609.3 603.51 609.36 0.000833 0.98 4394.07 689.07 0.08 7.54
Effective FEMA (USGS) 8312 2-Percent 11800 595.5 608.12 604.2 608.41 0.004091 0.57 2881.95 548.9 0.09 11.93
Effective FEMA (USGS) 8312 1-Percent 13600 595.5 608.75 604.54 609.07 0.004055 0.63 3182.07 565.22 0.1 12.37
Effective FEMA (USGS) 8312 0.2-Percent 18000 595.5 610.12 605.26 610.51 0.004032 0.75 3856.67 600.02 0.1 13.34
Effective FEMA (USGS) 8081 10-Percent 7990 592.1 608.71 603.27 609.1 0.000627 5 1597.92 262.44 0.29 4.66
Effective FEMA (USGS) 8081 2-Percent 11800 592.1 607.43 601.2 608 0.00071 6.06 1945.81 253.43 0.31 1
Effective FEMA (USGS) 8081 1-Percent 13600 592.1 607.89 601.74 608.59 0.000827 6.72 2023.44 256.82 0.34 1
Effective FEMA (USGS) 8081 0.2-Percent 18000 592.1 608.79 602.94 609.85 0.001141 8.28 2173.99 263.39 0.41 1
Effective FEMA (USGS) 8050 Bridge
Effective FEMA (USGS) 8016 10-Percent 7990 592.1 608.55 603.11 608.94 0.000627 5 1598.2 326.08 0.29 4.48
Effective FEMA (USGS) 8016 2-Percent 11800 592.1 607.38 601.21 607.96 0.00072 6.09 1937.4 294.75 0.32 1
Effective FEMA (USGS) 8016 1-Percent 13600 592.1 607.83 601.74 608.54 0.000841 6.75 2013.75 305.38 0.34 1
Effective FEMA (USGS) 8016 0.2-Percent 18000 592.1 608.71 602.94 609.78 0.001165 8.33 2160.37 336.93 0.41 1
Effective FEMA (USGS) 7906 10-Percent 7990 595.2 608.57 605.34 608.66 0.002617 3.02 3905.66 1052.63 0.19 4.9
Effective FEMA (USGS) 7906 2-Percent 11800 595.2 607.33 602.32 607.75 0.002107 5.57 3336.89 911.47 0.31 1
Effective FEMA (USGS) 7906 1-Percent 13600 595.2 607.82 602.87 608.27 0.002206 5.92 3797.04 980.01 0.33 1
Effective FEMA (USGS) 7906 0.2-Percent 18000 595.2 608.79 604.31 609.34 0.002443 6.68 4799.33 1077.58 0.35 1
Effective FEMA (USGS) 7140 10-Percent 7990 594.7 607.05 604.31 607.15 0.001546 3.35 4610.52 1352.35 0.24 5.54
Effective FEMA (USGS) 7140 2-Percent 11800 594.7 604.92 601.55 605.44 0.00459 6.16 2824.62 1082.28 0.42 1
Effective FEMA (USGS) 7140 1-Percent 13600 594.7 605.51 602.24 606.01 0.004149 6.19 3505.2 1239.5 0.4 1
Effective FEMA (USGS) 7140 0.2-Percent 18000 594.7 606.56 604.73 607.04 0.003701 6.39 4945.29 1406.4 0.39 1
Effective FEMA (USGS) 6009 10-Percent 7990 588.7 604.38 601.87 604.44 0.004168 2.38 4266.48 1510.3 0.18 8.19
Effective FEMA (USGS) 6009 2-Percent 11800 588.7 601.08 596.47 601.57 0.002647 5.6 2154.49 632.88 0.34 1
Effective FEMA (USGS) 6009 1-Percent 13600 588.7 601.64 596.93 602.2 0.002783 6.04 2326.45 796.05 0.35 1
Effective FEMA (USGS) 6009 0.2-Percent 18000 588.7 602.98 598.07 603.57 0.002566 6.46 4007.12 1176.47 0.35 1
Effective FEMA (USGS) 4785 10-Percent 7990 582.8 599.37 596.32 599.46 0.003963 3.01 3794.83 1314.54 0.2 7.28
Effective FEMA (USGS) 4785 2-Percent 11800 582.8 599.6 591.77 599.81 0.000834 4.11 5157.2 1358.47 0.21 1.06
Effective FEMA (USGS) 4785 1-Percent 13600 582.8 600.23 592.3 600.45 0.000794 4.28 6051.94 1449.82 0.21 1
Effective FEMA (USGS) 4785 0.2-Percent 18000 582.8 601.7 593.62 601.92 0.000745 4.5 8421.34 1787.86 0.21 1
Effective FEMA (USGS) 3686 10-Percent 7990 582.1 595.63 590.3 596.11 0.002375 5.54 1443.42 1171.26 0.32 1
Effective FEMA (USGS) 3686 2-Percent 11800 582.1 597.64 591.75 598.3 0.002443 6.57 2089.89 1627.63 0.35 1
Effective FEMA (USGS) 3686 1-Percent 13600 582.1 598.18 592.37 598.94 0.002646 7.1 2425.09 1719.77 0.37 1
Effective FEMA (USGS) 3686 0.2-Percent 18000 582.1 599.55 593.78 600.44 0.002756 7.9 3741.48 2361.78 0.39 1
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Table 2: Effective FEMA with Ice Cover using USGS StreamStats Discharges HEC-RAS
Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Effective FEMA (USGS) 2949 10-Percent 7990 576.6 594.26 587.83 594.49 0.001859 4.19 2514.97 1011.06 0.23 4
Effective FEMA (USGS) 2949 2-Percent 11800 576.6 596.33 592 596.48 0.002109 4.15 5550.47 1472.24 0.24 7.49
Effective FEMA (USGS) 2949 1-Percent 13600 576.6 597.05 592.4 597.18 0.001738 4 6665.69 1536.8 0.22 7.3
Effective FEMA (USGS) 2949 0.2-Percent 18000 576.6 598.66 593.18 598.78 0.001435 4 9340.39 2155.21 0.2 7.3
Effective FEMA (USGS) 1922 10-Percent 7990 573.7 593.67 593.71 0.000368 2.03 6505.83 965.33 0.09 2.18
Effective FEMA (USGS) 1922 2-Percent 11800 573.7 595.62 595.67 0.000387 2.29 8494.53 1046.87 0.1 1.86
Effective FEMA (USGS) 1922 1-Percent 13600 573.7 596.36 596.41 0.0004 2.41 9611.28 1605.78 0.1 1.8
Effective FEMA (USGS) 1922 0.2-Percent 18000 573.7 597.92 597.98 0.00047 2.76 12409.46 1895 0.11 1.85
Effective FEMA (USGS) 866 10-Percent 7990 571.5 593.35 581.88 593.41 0.00022 2.38 7333.96 1622.03 0.11 1.16
Effective FEMA (USGS) 866 2-Percent 11800 571.5 595.31 583.93 595.36 0.000227 2.5 11484.28 2531.31 0.11 1.33
Effective FEMA (USGS) 866 1-Percent 13600 571.5 596.06 584.73 596.1 0.000219 2.52 13373.41 2537.43 0.11 1.35
Effective FEMA (USGS) 866 0.2-Percent 18000 571.5 597.61 586.63 597.66 0.00021 2.57 17323.23 2547.76 0.1 1.43
Effective FEMA (USGS) 279 10-Percent 7990 571 593.26 580.94 593.32 0.00012 2.33 5938.97 1086.65 0.1 1
Effective FEMA (USGS) 279 2-Percent 11800 571 595.21 582.65 595.27 0.00012 2.51 8729.02 2120.86 0.1 1
Effective FEMA (USGS) 279 1-Percent 13600 571 595.95 583.39 596.01 0.00012 2.58 10371.94 2265.81 0.1 1
Effective FEMA (USGS) 279 0.2-Percent 18000 571 597.5 584.99 597.56 0.00012 2.72 14251.54 2754.56 0.11 1
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Existing Conditions Model with Ice Cover

Plan: Existing_Conditions_UPDATE_BC_ICE
Geometry: Existing_Conditions_UPDATE_BC_ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 26: Existing Conditions Profile Plot
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Table 3: Existing Conditions with Ice Cover HEC-RAS Output

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (USGS) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
Existing (USGS) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
Existing (USGS) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
Existing (USGS) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.75 300.59 0.52
Existing (USGS)
Existing (USGS) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
Existing (USGS) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
Existing (USGS) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
Existing (USGS) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.91 588.68 0.59
Existing (USGS)
Existing (USGS) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
Existing (USGS) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
Existing (USGS) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
Existing (USGS) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.19 582.92 0.43
Existing (USGS)
Existing (USGS) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
Existing (USGS) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
Existing (USGS) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.03 526.03 0.49
Existing (USGS) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001934 9.57 3631.51 561.19 0.49
Existing (USGS)
Existing (USGS) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
Existing (USGS) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.77 352.78 0.52
Existing (USGS) 15751 1-Percent 13600 612.8 623.84 624.9 0.002251 9 2081.97 364.33 0.51
Existing (USGS) 15751 0.2-Percent 18000 612.8 625.57 626.72 0.00203 9.55 2727.68 378.08 0.5
Existing (USGS)
Existing (USGS) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.58 541.73 0.36
Existing (USGS) 14403 2-Percent 11800 610.3 621.69 622.05 0.000915 5.87 3595.31 583.33 0.33
Existing (USGS) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4152.77 637.99 0.32
Existing (USGS) 14403 0.2-Percent 18000 610.3 624.76 625.08 0.000625 5.8 5655.52 746.8 0.28
Existing (USGS)
Existing (USGS) 12986 10-Percent 7990 608.9 618.23 618.6 0.000826 5.21 2428.01 736.5 0.31
Existing (USGS) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4557.88 922.38 0.28
Existing (USGS) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5526.43 947.89 0.27
Existing (USGS) 12986 0.2-Percent 18000 608.9 624.04 624.33 0.000438 5.31 7810.45 999.57 0.24
Existing (USGS)
Existing (USGS) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
Existing (USGS) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.56 1649.52 402.83 0.42
Existing (USGS) 12162 1-Percent 13600 604.9 620.09 621.25 0.001345 8.91 2098.69 463.53 0.42
Existing (USGS) 12162 0.2-Percent 18000 604.9 622.62 623.71 0.001118 9.06 3568.83 729.62 0.39
Existing (USGS)
Existing (USGS) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.37 116.61 0.37
Existing (USGS) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.67 149.66 0.42
Existing (USGS) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.00151 9.11 1521.39 162.34 0.44
Existing (USGS) 11955 0.2-Percent 18000 605.5 621.71 615.65 623.37 0.001626 10.4 1774.71 330.41 0.47
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Table 3: Existing Conditions with Ice Cover HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (USGS)
Existing (USGS) 11860 Union Rd Bridge
Existing (USGS)
Existing (USGS) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.61 112.37 0.45 1
Existing (USGS) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003606 9.76 1223.01 119.72 0.52 1
Existing (USGS) 11789 1-Percent 13600 605.5 618.6 614.75 620.34 0.003946 10.61 1302.12 123.36 0.55 1
Existing (USGS) 11789 0.2-Percent 18000 605.5 619.92 616.38 622.34 0.004801 12.56 1464.05 152.39 0.61 1
Existing (USGS)
Existing (USGS) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.4 130.41 0.32 1
Existing (USGS) 11675 2-Percent 11800 602.4 617.87 618.79 0.002689 7.72 1568.75 139.63 0.38 1
Existing (USGS) 11675 1-Percent 13600 602.4 618.53 619.63 0.002983 8.46 1663.55 150.46 0.41 1
Existing (USGS) 11675 0.2-Percent 18000 602.4 619.87 621.43 0.00367 10.1 1939.26 305.89 0.46 1
Existing (USGS)
Existing (USGS) 10302 10-Percent 7990 603.2 612.44 612.99 0.003619 6.22 1615.4 503.61 0.39 1
Existing (USGS) 10302 2-Percent 11800 603.2 613.64 614.32 0.00389 7.2 2290.98 591.22 0.42 1
Existing (USGS) 10302 1-Percent 13600 603.2 614.12 614.84 0.003933 7.54 2576.22 602.16 0.43 1
Existing (USGS) 10302 0.2-Percent 18000 603.2 615.17 615.96 0.003974 8.21 3219.06 623.64 0.44 1
Existing (USGS)
Existing (USGS) 9372 10-Percent 7990 599.6 610.4 610.7 0.001695 4.73 2076.35 599.75 0.28 1
Existing (USGS) 9372 2-Percent 11800 599.6 611.63 611.96 0.001656 5.16 2828.95 618.25 0.28 1
Existing (USGS) 9372 1-Percent 13600 599.6 612.14 612.48 0.001632 5.32 3146.92 648.19 0.29 1
Existing (USGS) 9372 0.2-Percent 18000 599.6 613.36 613.71 0.001479 5.5 4087.26 990.94 0.28 1
Existing (USGS)
Existing (USGS) 8312 10-Percent 7990 595.5 609.08 609.11 0.001203 1.43 5192.09 820.27 0.11 7.16
Existing (USGS) 8312 2-Percent 11800 595.5 609.68 609.76 0.00249 1.52 5270.84 822.62 0.13 9.33
Existing (USGS) 8312 1-Percent 13600 595.5 610.07 610.17 0.002832 1.6 5516.96 825.11 0.13 9.74
Existing (USGS) 8312 0.2-Percent 18000 595.5 611.43 611.55 0.00275 1.9 6627.03 841.13 0.14 9.86
Existing (USGS)
Existing (USGS) 8145 10-Percent 7990 592.1 608.36 603.2 608.7 0.005775 4.73 1688.64 474.57 0.28 6.61
Existing (USGS) 8145 2-Percent 11800 592.1 608.93 601.35 609.32 0.002437 5 2358.85 487.24 0.25 3.34
Existing (USGS) 8145 1-Percent 13600 592.1 609.43 600.44 609.82 0.001396 5 2718.18 496.68 0.23 1.8
Existing (USGS) 8145 0.2-Percent 18000 592.1 610.72 600.82 611.24 0.001013 5.81 3098.54 517.14 0.25 1
Existing (USGS)
Existing (USGS) 8049 Railroad Bridge Bridge
Existing (USGS)
Existing (USGS) 7984 10-Percent 7990 592.1 608.09 602.72 608.45 0.003505 4.76 1668.88 565.98 0.27 3.41
Existing (USGS) 7984 2-Percent 11800 592.1 608.6 601.79 609.09 0.001524 5.67 2124.03 575.93 0.28 1
Existing (USGS) 7984 1-Percent 13600 592.1 608.97 602.36 609.58 0.001812 6.33 2193.91 587.73 0.31 1
Existing (USGS) 7984 0.2-Percent 18000 592.1 609.77 603.63 610.7 0.002532 7.84 2343.58 612.51 0.38 1
Existing (USGS)
Existing (USGS) 7758 10-Percent 7990 595 607.29 604.56 607.4 0.001503 2.43 3151.86 1042.19 0.16 4.21
Existing (USGS) 7758 2-Percent 11800 595 608.11 606.02 608.25 0.001647 2.57 4080.68 1311.48 0.16 4.68
Existing (USGS) 7758 1-Percent 13600 595 608.45 606.47 608.61 0.001729 2.46 4449.71 1313.49 0.16 5.33
Existing (USGS) 7758 0.2-Percent 18000 595 609.25 606.94 609.45 0.001766 2.13 5304.77 1317.17 0.14 6.88
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Table 3: Existing Conditions with Ice Cover HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (USGS)
Existing (USGS) 7564 10-Percent 7990 594.9 606.76 606.85 0.001143 2.4 3367.91 1168.24 0.15 3.31
Existing (USGS) 7564 2-Percent 11800 594.9 607.5 607.62 0.001353 2.73 4339.14 1547.68 0.16 3.49
Existing (USGS) 7564 1-Percent 13600 594.9 607.82 607.95 0.001408 2.78 4833.98 1647.91 0.16 3.68
Existing (USGS) 7564 0.2-Percent 18000 594.9 608.6 608.75 0.001548 2.93 6125.76 1771.17 0.17 4.08
Existing (USGS)
Existing (USGS) 7340 10-Percent 7990 594.8 606.37 606.44 0.00084 2.18 3872.59 1378.63 0.13 2.81
Existing (USGS) 7340 2-Percent 11800 594.8 606.99 607.1 0.001165 2.46 4726.07 1658.94 0.15 3.37
Existing (USGS) 7340 1-Percent 13600 594.8 607.29 607.41 0.001209 2.55 5240.23 1779.13 0.15 3.45
Existing (USGS) 7340 0.2-Percent 18000 594.8 608.04 608.17 0.001253 2.72 6618.15 1923.75 0.16 3.57
Existing (USGS)
Existing (USGS) 7151 10-Percent 7990 594.7 605.91 605.99 0.001248 2.58 4216.79 1990.49 0.16 2.63
Existing (USGS) 7151 2-Percent 11800 594.7 606.26 606.38 0.002331 3.01 4752 2084.89 0.2 3.64
Existing (USGS) 7151 1-Percent 13600 594.7 606.58 606.7 0.00215 2.99 5430.85 2165.23 0.19 3.67
Existing (USGS) 7151 0.2-Percent 18000 594.7 607.42 607.53 0.001579 2.84 7393.13 2447.29 0.17 3.57
Existing (USGS)
Existing (USGS) 6890 10-Percent 7990 593 605.67 601.18 605.69 3e-04 1.37 9717.73 2352.62 0.08 2.48
Existing (USGS) 6890 2-Percent 11800 593 605.65 603.07 605.69 0.000798 1.76 9453.58 2351.76 0.11 3.74
Existing (USGS) 6890 1-Percent 13600 593 605.97 603.28 606.02 0.000833 1.86 10207.46 2360.12 0.12 3.74
Existing (USGS) 6890 0.2-Percent 18000 593 606.9 603.77 606.96 0.000775 2.01 12429.71 2396.93 0.12 3.65
Existing (USGS)
Existing (USGS) 6631 10-Percent 7990 592 605.24 600.87 605.35 0.001491 2.69 3107.72 1027.15 0.17 3.3
Existing (USGS) 6631 2-Percent 11800 592 604.58 599.86 604.98 0.001996 5.28 2450.12 802.67 0.3 1
Existing (USGS) 6631 1-Percent 13600 592 605 600.35 605.33 0.001732 5.09 3291.69 970.71 0.29 1
Existing (USGS) 6631 0.2-Percent 18000 592 605.91 601.44 606.28 0.001805 5.57 4257.36 1130.67 0.3 1
Existing (USGS)
Existing (USGS) 6324 10-Percent 7990 590.5 604.06 600.32 604.21 0.002372 2.79 2656.13 804.8 0.18 5.09
Existing (USGS) 6324 2-Percent 11800 590.5 603.45 597.78 603.85 0.001671 5.26 2374.01 711.82 0.29 1
Existing (USGS) 6324 1-Percent 13600 590.5 603.63 598.29 604.15 0.002077 5.94 2431.82 752.43 0.32 1
Existing (USGS) 6324 0.2-Percent 18000 590.5 604.87 599.63 605.25 0.001548 5.58 4084.81 1031.09 0.28 1
Existing (USGS)
Existing (USGS) 6015 10-Percent 7990 588.7 601.96 602.24 0.003183 2.89 2103.56 515.83 0.2 5.12
Existing (USGS) 6015 2-Percent 11800 588.7 602.43 602.73 0.001406 4.91 2894.73 531.08 0.26 1
Existing (USGS) 6015 1-Percent 13600 588.7 602.2 602.63 0.002077 5.87 2776.6 523.59 0.32 1
Existing (USGS) 6015 0.2-Percent 18000 588.7 603.57 604.02 0.001903 6.18 3697.34 910.98 0.32 1
Existing (USGS)
Existing (USGS) 5607 10-Percent 7990 587.3 600.96 595.62 601.1 0.000911 2.4 2971.39 496.47 0.14 3.41
Existing (USGS) 5607 2-Percent 11800 587.3 600.65 598.6 601.21 0.003502 2.81 2506.7 479.29 0.2 6.35
Existing (USGS) 5607 1-Percent 13600 587.3 601.15 595.56 601.47 0.001272 5.04 3322.28 503.26 0.26 1
Existing (USGS) 5607 0.2-Percent 18000 587.3 602.51 596.64 602.89 0.001323 5.6 4003.05 984.63 0.27 1
Existing (USGS)
Existing (USGS) 5307 10-Percent 7990 585.8 600.49 600.6 0.000879 2.73 3186.18 520.41 0.15 3.08
Existing (USGS) 5307 2-Percent 11800 585.8 599.85 600.13 0.001081 4.74 3146.45 492.62 0.24 1
Existing (USGS) 5307 1-Percent 13600 585.8 600.49 600.8 0.001126 5.04 3469.36 520.42 0.25 1
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Table 3: Existing Conditions with Ice Cover HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (USGS) 5307 0.2-Percent 18000 585.8 601.81 602.19 0.001196 5.61 4440.32 1113.23 0.26 1
Existing (USGS)
Existing (USGS) 5051 10-Percent 7990 584.3 599.87 599.99 0.001564 3.07 2941.04 875.7 0.17 4.04
Existing (USGS) 5051 2-Percent 11800 584.3 599.21 599.54 0.001187 4.87 2949.37 664.88 0.25 1
Existing (USGS) 5051 1-Percent 13600 584.3 599.85 600.2 0.001188 5.08 3421.11 871.99 0.25 1
Existing (USGS) 5051 0.2-Percent 18000 584.3 601.21 601.57 0.00116 5.44 4655.16 935.59 0.26 1
Existing (USGS)
Existing (USGS) 4786 10-Percent 7990 582.8 599.09 599.21 0.001798 3.13 3054.96 862.71 0.18 4.95
Existing (USGS) 4786 2-Percent 11800 582.8 598.68 599.01 0.001074 5 3254.57 817.09 0.24 1
Existing (USGS) 4786 1-Percent 13600 582.8 599.33 599.67 0.001075 5.19 3806.42 913.65 0.25 1
Existing (USGS) 4786 0.2-Percent 18000 582.8 600.7 601.05 0.001048 5.52 5198.04 1042.57 0.25 1
Existing (USGS)
Existing (USGS) 4582 10-Percent 7990 582.7 597.9 598.1 0.004116 4.02 2405.02 756.17 0.24 5.43
Existing (USGS) 4582 2-Percent 11800 582.7 598.14 598.51 0.001268 5.31 3182.46 816.12 0.26 1
Existing (USGS) 4582 1-Percent 13600 582.7 598.78 599.17 0.001283 5.55 3751.02 977.5 0.27 1
Existing (USGS) 4582 0.2-Percent 18000 582.7 600.15 600.56 0.001277 5.97 5198.41 1093.14 0.27 1
Existing (USGS)
Existing (USGS) 4363 10-Percent 7990 582.5 596.49 590.49 596.83 0.002476 4.75 1789.66 743.49 0.26 2.35
Existing (USGS) 4363 2-Percent 11800 582.5 597.48 590.61 597.95 0.001487 5.72 2365.98 945.93 0.28 1
Existing (USGS) 4363 1-Percent 13600 582.5 598.28 591.23 598.66 0.001235 5.46 4086.34 1174.62 0.26 1
Existing (USGS) 4363 0.2-Percent 18000 582.5 599.68 592.56 600.06 0.001167 5.73 5786.89 1242.01 0.26 1
Existing (USGS)
Existing (USGS) 4182 10-Percent 7990 582.4 596.04 590.03 596.39 0.002336 4.85 1726.04 461.85 0.27 1.93
Existing (USGS) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
Existing (USGS) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.17 894.76 0.31 1
Existing (USGS) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4712.29 1187.29 0.3 1
Existing (USGS)
Existing (USGS) 3997 10-Percent 7990 582.3 595.56 589.65 595.93 0.002589 4.95 1664.62 282.92 0.27 2.07
Existing (USGS) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
Existing (USGS) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001816 6.49 2325.71 799.24 0.32 1
Existing (USGS) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3967.34 1358.02 0.33 1
Existing (USGS)
Existing (USGS) 3670 10-Percent 7990 582.1 595.26 595.31 0.001186 2.49 5655.58 1244.31 0.15 3.87
Existing (USGS) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
Existing (USGS) 3670 1-Percent 13600 582.1 597.39 597.46 0.001005 2.87 8504.31 1395.99 0.15 3.56
Existing (USGS) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000986 3 10644.42 1779.16 0.15 3.89
Existing (USGS)
Existing (USGS) 2921 10-Percent 7990 576.6 593.85 594.11 0.002187 4.44 2559.96 955.18 0.23 3.09
Existing (USGS) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
Existing (USGS) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
Existing (USGS) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
Existing (USGS)
Existing (USGS) 1922 10-Percent 7990 573.7 593.54 593.58 0.000197 2.08 8257.55 1344.43 0.09 1.46
Existing (USGS) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38

ATTACHMENT F/ 97



Table 3: Existing Conditions with Ice Cover HEC-RAS Output (continued)

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (USGS) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
Existing (USGS) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
Existing (USGS)
Existing (USGS) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
Existing (USGS) 833 2-Percent 11800 571.5 595.34 595.38 9.9e-05 2.1 10374.31 1805.97 0.08 1
Existing (USGS) 833 1-Percent 13600 571.5 596.09 596.12 9.8e-05 2.14 11779.88 2068.75 0.08 1
Existing (USGS) 833 0.2-Percent 18000 571.5 597.64 597.68 9.6e-05 2.24 15564.63 2543.58 0.08 1
Existing (USGS)
Existing (USGS) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
Existing (USGS) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
Existing (USGS) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
Existing (USGS) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Table 4: Existing Conditions with Ice Cover using FEMA FIS Discharges HEC-RAS Out-
put

Alternative River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

Existing (FIS) 20483 1-Percent 16000 621.4 634.49 635.94 0.002028 10 1901.93 297.38 0.51
Existing (FIS) 19313 1-Percent 16000 620.4 631.58 633.1 0.002927 10.61 2198.46 494.92 0.59
Existing (FIS) 18244 1-Percent 16000 617.6 629.9 630.66 0.001542 8.21 3428.18 571.71 0.44
Existing (FIS) 17053 1-Percent 16000 615.5 627.52 628.57 0.001957 9.25 3256.19 541.6 0.49
Existing (FIS) 15751 1-Percent 16000 612.8 624.79 625.9 0.002135 9.33 2433.06 372.55 0.51
Existing (FIS) 14403 1-Percent 16000 610.3 623.8 624.13 0.000711 5.88 4953.69 705.18 0.3
Existing (FIS) 12986 1-Percent 16000 608.9 623 623.3 0.000481 5.29 6779.51 970.77 0.25
Existing (FIS) 12162 1-Percent 16000 604.9 621.46 622.61 0.001242 9.1 2782.93 571.07 0.41
Existing (FIS) 11955 1-Percent 16000 605.5 620.8 614.93 622.29 0.001584 9.85 1661.09 215.55 0.46
Existing (FIS) 11860 Union Rd Bridge
Existing (FIS) 11789 1-Percent 16000 605.5 619.37 615.64 621.47 0.004393 11.68 1396.84 140.42 0.58 1
Existing (FIS) 11675 1-Percent 16000 602.4 619.31 620.66 0.003364 9.38 1790.47 193.39 0.44 1
Existing (FIS) 10302 1-Percent 16000 603.2 614.71 615.48 0.003977 7.94 2935.99 618.47 0.44 1
Existing (FIS) 9372 1-Percent 16000 599.6 612.81 613.16 0.001559 5.45 3611.02 729.62 0.28 1
Existing (FIS) 8312 1-Percent 16000 595.5 610.78 610.9 0.002857 1.75 6085.13 833.8 0.14 9.88
Existing (FIS) 8145 1-Percent 16000 592.1 610.18 600.32 610.62 0.000901 5.34 2996.25 508.2 0.24 1
Existing (FIS) 8049 Railroad Bridge Bridge
Existing (FIS) 7984 1-Percent 16000 592.1 609.43 603.07 610.21 0.0022 7.16 2279.6 599.53 0.35 1
Existing (FIS) 7758 1-Percent 16000 595 608.9 606.94 609.08 0.001772 2.27 4921.24 1315.58 0.15 6.23
Existing (FIS) 7564 1-Percent 16000 594.9 608.24 608.38 0.001527 2.89 5511.41 1754.13 0.17 3.93
Existing (FIS) 7340 1-Percent 16000 594.8 607.69 607.81 0.001238 2.63 5946.11 1904.38 0.16 3.54
Existing (FIS) 7151 1-Percent 16000 594.7 607.01 607.13 0.001874 2.93 6404.58 2339.23 0.18 3.66
Existing (FIS) 6890 1-Percent 16000 593 606.43 603.58 606.48 0.000836 1.95 11291.79 2372.51 0.12 3.76
Existing (FIS) 6631 1-Percent 16000 592 605.38 600.95 605.76 0.00191 5.51 3685.66 1041.18 0.3 1
Existing (FIS) 6324 1-Percent 16000 590.5 604.27 598.98 604.67 0.001659 5.55 3549.54 814.74 0.29 1
Existing (FIS) 6015 1-Percent 16000 588.7 602.85 603.32 0.002111 6.2 3138.67 643.99 0.33 1
Existing (FIS) 5607 1-Percent 16000 587.3 601.71 596.17 602.09 0.001405 5.5 3604.36 666.59 0.28 1
Existing (FIS) 5307 1-Percent 16000 585.8 600.95 601.34 0.001308 5.58 3719.89 575.5 0.27 1
Existing (FIS) 5051 1-Percent 16000 584.3 600.21 600.63 0.001402 5.64 3742.07 906.61 0.28 1
Existing (FIS) 4786 1-Percent 16000 582.8 599.55 599.98 0.001351 5.9 4016.13 956.11 0.28 1
Existing (FIS) 4582 1-Percent 16000 582.7 598.78 599.32 0.001772 6.52 3756.82 980.07 0.31 1
Existing (FIS) 4363 1-Percent 16000 582.5 597.59 591.98 598.43 0.002622 7.64 2423.28 1009.84 0.38 1
Existing (FIS) 4182 1-Percent 16000 582.4 596.85 591.89 597.88 0.003377 8.31 2089.51 608.76 0.42 1
Existing (FIS) 3997 1-Percent 16000 582.3 596.04 591.32 597.2 0.003876 8.7 1939.89 349.9 0.45 1
Existing (FIS) 3670 1-Percent 16000 582.1 596.02 596.28 0.001307 5.23 6997.67 1293.39 0.26 1
Existing (FIS) 2921 1-Percent 16000 576.6 593.88 594.83 0.002794 8.14 2854.84 965.01 0.39 1
Existing (FIS) 1922 1-Percent 16000 573.7 592.99 593.2 0.00085 5 7555.7 1340.37 0.23 1
Existing (FIS) 833 1-Percent 16000 571.5 592.03 592.3 0.000788 5.16 5192.24 1103.55 0.22 1
Existing (FIS) 279 1-Percent 16000 571 590.96 584.37 591.52 0.001201 6.71 3604.61 814.2 0.31 1
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FEMA Effective versus Existing Conditions Models with Ice Cover

FEMA FIS Peak Discharge for the 1-Percent AEP (100-Year Recurrence) Event
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Figure 27: Effective FEMA versus Existing Conditions Profile Plot with Ice Cover (FEMA 1-Percent
AEP/100-Year Recurrence Event Peak Discharges)

ATTACHMENT F/ 100



USGS StreamStats Peak Discharges for the 10-, 2-, 1-, & 0.2-Percent AEP (10-, 50-, 100-, &
500-Year Recurrence) Events
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Figure 28: Effective FEMA versus Existing Conditions Profile Plot (USGS StreamStats 10-, 2-, 1-, & 0.2-Percent
AEP Event Peak Discharges)
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Flood Scenario #1 with Ice Cover

Flood Bench Configuration: 1a

Plan: UPDATE-FB-1A-SCHOOL-FULL-ICE
Geometry: UPDATE-FB-1A-SCHOOL-FULL-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 29: Flood Scenario #1 (1a) with Ice Cover Profile Plot
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Table 5: Flood Scenario 1 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

1 (1a) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
1 (1a) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
1 (1a) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
1 (1a) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.75 300.59 0.52
1 (1a) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
1 (1a) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
1 (1a) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
1 (1a) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.91 588.68 0.59
1 (1a) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
1 (1a) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
1 (1a) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
1 (1a) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.19 582.92 0.43
1 (1a) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
1 (1a) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
1 (1a) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.03 526.03 0.49
1 (1a) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001934 9.57 3631.51 561.19 0.49
1 (1a) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
1 (1a) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.77 352.78 0.52
1 (1a) 15751 1-Percent 13600 612.8 623.84 624.9 0.002251 9 2081.97 364.33 0.51
1 (1a) 15751 0.2-Percent 18000 612.8 625.57 626.72 0.00203 9.55 2727.68 378.08 0.5
1 (1a) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.54 541.73 0.36
1 (1a) 14403 2-Percent 11800 610.3 621.69 622.05 0.000915 5.87 3595.27 583.33 0.33
1 (1a) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4152.77 637.99 0.32
1 (1a) 14403 0.2-Percent 18000 610.3 624.76 625.08 0.000625 5.8 5655.52 746.8 0.28
1 (1a) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.97 736.48 0.31
1 (1a) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4557.71 922.38 0.28
1 (1a) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5526.43 947.89 0.27
1 (1a) 12986 0.2-Percent 18000 608.9 624.04 624.33 0.000438 5.31 7810.39 999.57 0.24
1 (1a) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
1 (1a) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.56 1649.42 402.74 0.42
1 (1a) 12162 1-Percent 13600 604.9 620.09 621.25 0.001345 8.91 2098.69 463.53 0.42
1 (1a) 12162 0.2-Percent 18000 604.9 622.62 623.71 0.001118 9.06 3568.74 729.59 0.39
1 (1a) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.36 116.61 0.37
1 (1a) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.64 149.66 0.42
1 (1a) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.00151 9.11 1521.39 162.34 0.44
1 (1a) 11955 0.2-Percent 18000 605.5 621.71 615.65 623.37 0.001626 10.4 1774.68 330.37 0.47
1 (1a) 11860 Union Rd Bridge
1 (1a) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.6 112.37 0.45 1
1 (1a) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003606 9.76 1223 119.72 0.52 1
1 (1a) 11789 1-Percent 13600 605.5 618.6 614.75 620.34 0.003946 10.61 1302.12 123.36 0.55 1
1 (1a) 11789 0.2-Percent 18000 605.5 619.92 616.38 622.34 0.004801 12.56 1464.02 152.38 0.61 1
1 (1a) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.39 130.41 0.32 1
1 (1a) 11675 2-Percent 11800 602.4 617.87 618.79 0.002689 7.72 1568.74 139.63 0.38 1
1 (1a) 11675 1-Percent 13600 602.4 618.53 619.63 0.002983 8.46 1663.55 150.46 0.41 1
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Table 5: Flood Scenario 1 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

1 (1a) 11675 0.2-Percent 18000 602.4 619.87 621.43 0.003671 10.1 1939.18 305.88 0.46 1
1 (1a) 10302 10-Percent 7990 603.2 612.44 612.99 0.003619 6.22 1615.4 503.61 0.39 1
1 (1a) 10302 2-Percent 11800 603.2 613.64 614.32 0.00389 7.2 2290.98 591.22 0.42 1
1 (1a) 10302 1-Percent 13600 603.2 614.12 614.84 0.003933 7.54 2576.29 602.16 0.43 1
1 (1a) 10302 0.2-Percent 18000 603.2 615.17 615.96 0.003973 8.21 3219.4 623.65 0.44 1
1 (1a) 9372 10-Percent 7990 599.6 610.4 610.7 0.001695 4.73 2076.24 599.75 0.28 1
1 (1a) 9372 2-Percent 11800 599.6 611.63 611.96 0.001657 5.17 2827.97 618.23 0.28 1
1 (1a) 9372 1-Percent 13600 599.6 612.14 612.48 0.001631 5.32 3148.03 648.35 0.28 1
1 (1a) 9372 0.2-Percent 18000 599.6 613.36 613.71 0.001475 5.5 4091.56 991.09 0.28 1
1 (1a) 8312 10-Percent 7990 595.5 609.08 609.11 0.001203 1.43 5191.98 820.26 0.11 7.16
1 (1a) 8312 2-Percent 11800 595.5 609.67 609.76 0.002491 1.52 5270.62 822.67 0.13 9.32
1 (1a) 8312 1-Percent 13600 595.5 610.07 610.17 0.002836 1.59 5513.58 824.93 0.13 9.77
1 (1a) 8312 0.2-Percent 18000 595.5 611.43 611.55 0.002761 1.88 6617.42 841.15 0.14 9.92
1 (1a) 8145 10-Percent 7990 592.1 608.36 603.21 608.7 0.005806 4.74 1686.64 474.53 0.28 6.62
1 (1a) 8145 2-Percent 11800 592.1 608.92 601.34 609.31 0.002435 5 2359.04 487.19 0.25 3.33
1 (1a) 8145 1-Percent 13600 592.1 609.43 600.44 609.82 0.001396 5 2718.14 496.7 0.23 1.8
1 (1a) 8145 0.2-Percent 18000 592.1 610.72 600.82 611.25 0.001012 5.81 3099.17 517.2 0.25 1
1 (1a) 8049 Railroad Bridge Bridge
1 (1a) 7984 10-Percent 7990 592.1 608.09 602.72 608.45 0.003491 4.76 1670.04 565.97 0.27 3.4
1 (1a) 7984 2-Percent 11800 592.1 608.6 601.79 609.09 0.001526 5.67 2123.44 575.77 0.29 1
1 (1a) 7984 1-Percent 13600 592.1 608.97 602.36 609.58 0.001812 6.33 2194.2 587.78 0.31 1
1 (1a) 7984 0.2-Percent 18000 592.1 609.77 603.63 610.7 0.002529 7.84 2344.22 612.62 0.38 1
1 (1a) 7758 10-Percent 7990 595 607.3 604.76 607.41 0.001484 2.43 3164.24 1045.37 0.15 4.18
1 (1a) 7758 2-Percent 11800 595 608.1 606.03 608.24 0.001654 2.57 4074.85 1311.43 0.16 4.67
1 (1a) 7758 1-Percent 13600 595 608.46 606.5 608.61 0.001729 2.45 4450.16 1313.5 0.16 5.34
1 (1a) 7758 0.2-Percent 18000 595 609.25 606.94 609.45 0.001769 2.12 5300.93 1317.18 0.14 6.93
1 (1a) 7564 10-Percent 7990 594.9 606.78 606.87 0.00112 2.39 3391.44 1179.02 0.15 3.29
1 (1a) 7564 2-Percent 11800 594.9 607.49 607.61 0.001365 2.74 4324.89 1541.53 0.16 3.49
1 (1a) 7564 1-Percent 13600 594.9 607.82 607.95 0.00141 2.77 4833.56 1648.18 0.16 3.7
1 (1a) 7564 0.2-Percent 18000 594.9 608.6 608.75 0.001563 2.91 6113.78 1771.15 0.17 4.16
1 (1a) 7340 10-Percent 7990 594.8 606.39 606.47 0.000831 2.15 3899.34 1384.33 0.13 2.86
1 (1a) 7340 2-Percent 11800 594.8 606.97 607.08 0.00119 2.46 4692.18 1637.05 0.15 3.42
1 (1a) 7340 1-Percent 13600 594.8 607.29 607.41 0.001216 2.54 5231.83 1778.56 0.15 3.47
1 (1a) 7340 0.2-Percent 18000 594.8 608.03 608.16 0.001268 2.71 6596.35 1923.58 0.16 3.62
1 (1a) 7151 10-Percent 7990 594.7 605.93 606.01 0.001282 2.53 4231.03 1996.18 0.16 2.81
1 (1a) 7151 2-Percent 11800 594.7 606.2 606.32 0.002588 3.08 4597.3 2064.92 0.2 3.75
1 (1a) 7151 1-Percent 13600 594.7 606.57 606.68 0.002207 2.99 5390.48 2161.04 0.19 3.72
1 (1a) 7151 0.2-Percent 18000 594.7 607.4 607.51 0.001621 2.85 7335.18 2443.98 0.17 3.62
1 (1a) 6890 10-Percent 7990 593 605.68 601.94 605.7 0.000318 1.31 9670.79 2352.79 0.08 2.86
1 (1a) 6890 2-Percent 11800 593 605.49 603.12 605.53 0.000935 1.79 9037.37 2344.41 0.12 3.97
1 (1a) 6890 1-Percent 13600 593 605.93 603.3 605.98 0.000864 1.86 10108.82 2359.18 0.12 3.82
1 (1a) 6890 0.2-Percent 18000 593 606.86 603.79 606.92 0.000799 2 12329.98 2395.32 0.12 3.73
1 (1a) 6631 10-Percent 7990 592 604.94 602.01 605.22 0.004577 3.73 1975.18 946.65 0.25 4.38
1 (1a) 6631 2-Percent 11800 592 604.25 599.87 604.7 0.002343 5.57 2312.78 657.67 0.33 1
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Table 5: Flood Scenario 1 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

1 (1a) 6631 1-Percent 13600 592 604.92 600.36 605.27 0.001812 5.18 3219.05 938.7 0.29 1
1 (1a) 6631 0.2-Percent 18000 592 605.83 601.44 606.22 0.001889 5.67 4171.85 1116.12 0.31 1
1 (1a) 6324 10-Percent 7990 590.5 602.42 598.12 602.73 0.003587 4.46 1796.58 492 0.28 2.63
1 (1a) 6324 2-Percent 11800 590.5 602.88 597.78 603.35 0.002062 5.59 2213.36 532.06 0.31 1
1 (1a) 6324 1-Percent 13600 590.5 603.5 598.29 604.03 0.002177 6.02 2389.41 723.31 0.33 1
1 (1a) 6324 0.2-Percent 18000 590.5 604.72 599.64 605.13 0.001662 5.73 3934.37 979.56 0.29 1
1 (1a) 6015 10-Percent 7990 588.7 601.01 601.24 0.00132 4.26 2171.65 467.9 0.25 1
1 (1a) 6015 2-Percent 11800 588.7 601.22 601.7 0.002573 6.05 2275.25 491.95 0.35 1
1 (1a) 6015 1-Percent 13600 588.7 601.89 602.37 0.002421 6.19 2612.47 513.95 0.34 1
1 (1a) 6015 0.2-Percent 18000 588.7 603.22 603.74 0.002248 6.57 3402.81 795.29 0.34 1
1 (1a) 5607 10-Percent 7990 587.3 598.66 597.83 599.49 0.005615 2.29 1548.16 441.17 0.2 6.87
1 (1a) 5607 2-Percent 11800 587.3 599.88 595.1 600.25 0.001608 5.19 2720.13 460.14 0.28 1
1 (1a) 5607 1-Percent 13600 587.3 600.58 595.55 600.96 0.001601 5.45 3046.11 476.72 0.29 1
1 (1a) 5607 0.2-Percent 18000 587.3 601.92 596.63 602.37 0.00164 6.02 3709.47 774.75 0.3 1
1 (1a) 5307 10-Percent 7990 585.8 597.72 597.89 0.001422 2.51 2522.48 401.34 0.16 3.52
1 (1a) 5307 2-Percent 11800 585.8 598.63 599.07 0.00285 2.58 2566.03 409.54 0.18 5.93
1 (1a) 5307 1-Percent 13600 585.8 599.28 599.76 0.003054 2.73 2798.15 477.99 0.19 6.3
1 (1a) 5307 0.2-Percent 18000 585.8 600.6 601.17 0.002928 2.91 3396.95 524.24 0.19 6.75
1 (1a) 5051 10-Percent 7990 584.3 597.54 597.58 0.000273 1.37 4987.22 795.07 0.08 2.43
1 (1a) 5051 2-Percent 11800 584.3 598.42 598.5 0.000431 1.64 5641.29 949.13 0.1 3.16
1 (1a) 5051 1-Percent 13600 584.3 599.08 599.16 0.000429 1.69 6286.04 1058.39 0.1 3.3
1 (1a) 5051 0.2-Percent 18000 584.3 600.47 600.56 0.00042 1.83 7956.9 1336.32 0.1 3.45
1 (1a) 4786 10-Percent 7990 582.8 597.39 597.44 0.000292 1.82 4582.67 908.59 0.1 1.85
1 (1a) 4786 2-Percent 11800 582.8 598.19 598.28 0.000477 2.27 5317.83 1056.07 0.12 2.29
1 (1a) 4786 1-Percent 13600 582.8 598.85 598.95 0.000475 2.35 6034.06 1127.44 0.12 2.35
1 (1a) 4786 0.2-Percent 18000 582.8 600.24 600.35 0.000474 2.51 7764.63 1342.16 0.12 2.47
1 (1a) 4582 10-Percent 7990 582.7 597.24 597.31 0.000369 2.06 4326.1 908.6 0.11 1.83
1 (1a) 4582 2-Percent 11800 582.7 597.93 598.05 0.000655 2.58 4911.52 1009.02 0.14 2.41
1 (1a) 4582 1-Percent 13600 582.7 598.59 598.71 0.000645 2.68 5626.67 1169.49 0.14 2.43
1 (1a) 4582 0.2-Percent 18000 582.7 599.98 600.12 0.000634 2.85 7387.22 1327.85 0.14 2.54
1 (1a) 4363 10-Percent 7990 582.5 597.05 590.38 597.14 0.000477 2.18 3473.07 976.02 0.12 2.35
1 (1a) 4363 2-Percent 11800 582.5 597.55 591.27 597.73 0.000957 2.91 3675.13 1102.28 0.16 2.89
1 (1a) 4363 1-Percent 13600 582.5 598.26 591.59 598.42 0.000829 2.86 5430.26 1289.11 0.15 2.87
1 (1a) 4363 0.2-Percent 18000 582.5 599.66 592.37 599.83 0.000798 3.05 7284.34 1360.15 0.15 2.95
1 (1a) 4182 10-Percent 7990 582.4 596.7 591.19 596.96 0.002139 3.69 2052.17 578.38 0.21 3.51
1 (1a) 4182 2-Percent 11800 582.4 597.14 590.7 597.51 0.001231 5.11 2531.34 640.03 0.26 1
1 (1a) 4182 1-Percent 13600 582.4 597.78 591.21 598.2 0.001323 5.51 2723.25 892.79 0.27 1
1 (1a) 4182 0.2-Percent 18000 582.4 599.22 592.34 599.63 0.001222 5.75 4982.25 1185.14 0.27 1
1 (1a) 3997 10-Percent 7990 582.3 595.86 591.92 596.33 0.00564 4.63 1564.92 296.35 0.29 4.89
1 (1a) 3997 2-Percent 11800 582.3 596.86 590.18 597.27 0.001315 5.34 2383.62 532.71 0.27 1
1 (1a) 3997 1-Percent 13600 582.3 597.46 590.73 597.94 0.001442 5.8 2561.25 820.39 0.28 1
1 (1a) 3997 0.2-Percent 18000 582.3 598.81 591.92 599.37 0.001524 6.43 4259.37 1365.06 0.3 1
1 (1a) 3670 10-Percent 7990 582.1 595.4 595.44 0.001359 2.24 5675.78 1248.96 0.14 5.03
1 (1a) 3670 2-Percent 11800 582.1 596.75 596.81 0.00098 2.84 7666.43 1351.62 0.15 3.25
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Table 5: Flood Scenario 1 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

1 (1a) 3670 1-Percent 13600 582.1 597.39 597.45 0.000975 2.92 8524.13 1395.21 0.15 3.36
1 (1a) 3670 0.2-Percent 18000 582.1 598.78 598.85 0.00095 3.07 10670.6 1774.67 0.15 3.58
1 (1a) 2921 10-Percent 7990 576.6 593.86 594.12 0.002287 4.45 2554.79 958.12 0.23 3.22
1 (1a) 2921 2-Percent 11800 576.6 595.77 595.96 0.001317 4.2 5103.35 1428.94 0.2 2.64
1 (1a) 2921 1-Percent 13600 576.6 596.51 596.67 0.001081 4.07 6192.14 1444.75 0.19 2.48
1 (1a) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000802 3.92 8918.56 2137.19 0.17 2.3
1 (1a) 1922 10-Percent 7990 573.7 593.55 593.58 0.0002 2.07 8255.7 1344.44 0.09 1.5
1 (1a) 1922 2-Percent 11800 573.7 595.49 595.52 0.000183 2.28 10950.95 1462.94 0.1 1.36
1 (1a) 1922 1-Percent 13600 573.7 596.23 596.27 0.000185 2.37 12142.89 1692.99 0.1 1.37
1 (1a) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.00019 2.55 14991.2 1884.16 0.1 1.38
1 (1a) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
1 (1a) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
1 (1a) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
1 (1a) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
1 (1a) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
1 (1a) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
1 (1a) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
1 (1a) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #2 with Ice Cover

Flood Bench Configuration: 1b

Plan: UPDATE-FB-1B-SCHOOL-OPEN-ICE
Geometry: UPDATE-FB-1B-SCHOOL-OPEN-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 30: Flood Scenario #2 (1b) with Ice Cover Profile Plot
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Table 6: Flood Scenario 2 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

2 (1b) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
2 (1b) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
2 (1b) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
2 (1b) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.75 300.59 0.52
2 (1b) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
2 (1b) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
2 (1b) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
2 (1b) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.91 588.68 0.59
2 (1b) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
2 (1b) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
2 (1b) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
2 (1b) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.19 582.92 0.43
2 (1b) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
2 (1b) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
2 (1b) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.03 526.03 0.49
2 (1b) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001934 9.57 3631.51 561.19 0.49
2 (1b) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
2 (1b) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.77 352.78 0.52
2 (1b) 15751 1-Percent 13600 612.8 623.84 624.9 0.002251 9 2081.97 364.33 0.51
2 (1b) 15751 0.2-Percent 18000 612.8 625.57 626.72 0.00203 9.55 2727.68 378.08 0.5
2 (1b) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.58 541.73 0.36
2 (1b) 14403 2-Percent 11800 610.3 621.69 622.05 0.000915 5.87 3595.27 583.33 0.33
2 (1b) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4152.74 637.99 0.32
2 (1b) 14403 0.2-Percent 18000 610.3 624.76 625.08 0.000625 5.8 5655.52 746.8 0.28
2 (1b) 12986 10-Percent 7990 608.9 618.23 618.6 0.000826 5.21 2428.01 736.5 0.31
2 (1b) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4557.71 922.38 0.28
2 (1b) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5526.38 947.89 0.27
2 (1b) 12986 0.2-Percent 18000 608.9 624.04 624.33 0.000438 5.31 7810.45 999.57 0.24
2 (1b) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
2 (1b) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.56 1649.42 402.74 0.42
2 (1b) 12162 1-Percent 13600 604.9 620.09 621.25 0.001345 8.91 2098.66 463.53 0.42
2 (1b) 12162 0.2-Percent 18000 604.9 622.62 623.71 0.001118 9.06 3568.83 729.62 0.39
2 (1b) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.37 116.61 0.37
2 (1b) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.64 149.66 0.42
2 (1b) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.00151 9.11 1521.38 162.34 0.44
2 (1b) 11955 0.2-Percent 18000 605.5 621.71 615.65 623.37 0.001626 10.4 1774.71 330.41 0.47
2 (1b) 11860 Union Rd Bridge
2 (1b) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.61 112.37 0.45 1
2 (1b) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003606 9.76 1223 119.72 0.52 1
2 (1b) 11789 1-Percent 13600 605.5 618.6 614.75 620.34 0.003946 10.61 1302.11 123.36 0.55 1
2 (1b) 11789 0.2-Percent 18000 605.5 619.92 616.38 622.34 0.004801 12.56 1464.05 152.39 0.61 1
2 (1b) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.4 130.41 0.32 1
2 (1b) 11675 2-Percent 11800 602.4 617.87 618.79 0.002689 7.72 1568.74 139.63 0.38 1
2 (1b) 11675 1-Percent 13600 602.4 618.53 619.63 0.002983 8.46 1663.54 150.46 0.41 1
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Table 6: Flood Scenario 2 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

2 (1b) 11675 0.2-Percent 18000 602.4 619.87 621.43 0.00367 10.1 1939.26 305.89 0.46 1
2 (1b) 10302 10-Percent 7990 603.2 612.44 612.99 0.003619 6.22 1615.37 503.61 0.39 1
2 (1b) 10302 2-Percent 11800 603.2 613.64 614.32 0.003889 7.2 2291.05 591.22 0.42 1
2 (1b) 10302 1-Percent 13600 603.2 614.12 614.84 0.003933 7.54 2576.36 602.17 0.43 1
2 (1b) 10302 0.2-Percent 18000 603.2 615.17 615.96 0.003974 8.21 3219.06 623.64 0.44 1
2 (1b) 9372 10-Percent 7990 599.6 610.4 610.7 0.001692 4.73 2077.85 599.78 0.28 1
2 (1b) 9372 2-Percent 11800 599.6 611.64 611.96 0.001654 5.16 2829.82 618.27 0.28 1
2 (1b) 9372 1-Percent 13600 599.6 612.14 612.49 0.001628 5.32 3149.77 648.6 0.28 1
2 (1b) 9372 0.2-Percent 18000 599.6 613.36 613.71 0.001479 5.5 4087.39 990.94 0.28 1
2 (1b) 8312 10-Percent 7990 595.5 609.07 609.11 0.001215 1.42 5178.1 820.18 0.11 7.21
2 (1b) 8312 2-Percent 11800 595.5 609.68 609.76 0.002489 1.51 5270.66 822.56 0.13 9.34
2 (1b) 8312 1-Percent 13600 595.5 610.07 610.17 0.002852 1.58 5500.91 824.41 0.13 9.83
2 (1b) 8312 0.2-Percent 18000 595.5 611.43 611.55 0.002749 1.9 6627.81 841.13 0.14 9.86
2 (1b) 8145 10-Percent 7990 592.1 608.35 603.21 608.7 0.00583 4.74 1684.85 474.34 0.28 6.62
2 (1b) 8145 2-Percent 11800 592.1 608.93 601.34 609.32 0.002438 5 2358.81 487.28 0.25 3.34
2 (1b) 8145 1-Percent 13600 592.1 609.43 600.44 609.82 0.001402 5.01 2716.43 496.66 0.23 1.81
2 (1b) 8145 0.2-Percent 18000 592.1 610.72 600.82 611.24 0.001013 5.81 3098.65 517.15 0.25 1
2 (1b) 8049 Railroad Bridge Bridge
2 (1b) 7984 10-Percent 7990 592.1 608.08 602.69 608.44 0.003459 4.75 1672.48 565.92 0.27 3.37
2 (1b) 7984 2-Percent 11800 592.1 608.6 601.79 609.09 0.001523 5.67 2124.48 576.05 0.28 1
2 (1b) 7984 1-Percent 13600 592.1 608.97 602.36 609.58 0.001813 6.33 2193.74 587.7 0.31 1
2 (1b) 7984 0.2-Percent 18000 592.1 609.77 603.63 610.7 0.002531 7.84 2343.68 612.52 0.38 1
2 (1b) 7758 10-Percent 7990 595 607.3 604.56 607.4 0.001482 2.44 3163.7 1044.17 0.15 4.15
2 (1b) 7758 2-Percent 11800 595 608.11 606.04 608.25 0.001646 2.56 4082.39 1311.5 0.16 4.69
2 (1b) 7758 1-Percent 13600 595 608.45 606.49 608.61 0.001733 2.46 4446.68 1313.48 0.16 5.33
2 (1b) 7758 0.2-Percent 18000 595 609.25 606.94 609.45 0.001764 2.13 5306.93 1317.17 0.14 6.88
2 (1b) 7564 10-Percent 7990 594.9 606.77 606.86 0.001121 2.4 3388.76 1176.9 0.15 3.28
2 (1b) 7564 2-Percent 11800 594.9 607.5 607.62 0.001352 2.72 4342.56 1549.9 0.16 3.5
2 (1b) 7564 1-Percent 13600 594.9 607.82 607.95 0.001419 2.78 4821.49 1646.64 0.16 3.7
2 (1b) 7564 0.2-Percent 18000 594.9 608.6 608.75 0.001544 2.93 6131.25 1771.21 0.17 4.08
2 (1b) 7340 10-Percent 7990 594.8 606.39 606.46 0.000825 2.16 3902.93 1384 0.13 2.81
2 (1b) 7340 2-Percent 11800 594.8 607 607.1 0.001162 2.45 4731.71 1660.54 0.15 3.38
2 (1b) 7340 1-Percent 13600 594.8 607.28 607.4 0.001216 2.56 5225.42 1777.19 0.15 3.43
2 (1b) 7340 0.2-Percent 18000 594.8 608.04 608.17 0.001246 2.72 6629.21 1923.87 0.16 3.56
2 (1b) 7151 10-Percent 7990 594.7 605.93 606.01 0.001278 2.53 4233.73 1996.34 0.16 2.8
2 (1b) 7151 2-Percent 11800 594.7 606.27 606.38 0.002312 3 4768.01 2087.24 0.2 3.64
2 (1b) 7151 1-Percent 13600 594.7 606.57 606.69 0.002154 3.02 5413.4 2161.5 0.19 3.61
2 (1b) 7151 0.2-Percent 18000 594.7 607.43 607.54 0.001561 2.84 7421.84 2449.08 0.17 3.56
2 (1b) 6890 10-Percent 7990 593 605.68 601.95 605.7 0.000317 1.31 9674.69 2352.82 0.08 2.85
2 (1b) 6890 2-Percent 11800 593 605.66 603.06 605.7 0.000791 1.75 9483.44 2352.42 0.11 3.75
2 (1b) 6890 1-Percent 13600 593 605.96 603.28 606.01 0.00083 1.89 10195.33 2359.82 0.12 3.65
2 (1b) 6890 0.2-Percent 18000 593 606.92 603.77 606.97 0.000766 2 12473.89 2397.7 0.12 3.63
2 (1b) 6631 10-Percent 7990 592 604.95 601.99 605.22 0.004505 3.72 1983.09 949.47 0.25 4.35
2 (1b) 6631 2-Percent 11800 592 604.6 599.87 604.99 0.001989 5.28 2458.16 807.82 0.3 1
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Table 6: Flood Scenario 2 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

2 (1b) 6631 1-Percent 13600 592 604.98 600.36 605.32 0.001736 5.11 3279.64 964.92 0.29 1
2 (1b) 6631 0.2-Percent 18000 592 605.94 601.44 606.31 0.001768 5.53 4298.06 1148.95 0.3 1
2 (1b) 6324 10-Percent 7990 590.5 602.44 598.15 602.75 0.003595 4.46 1797.87 493.64 0.28 2.65
2 (1b) 6324 2-Percent 11800 590.5 603.48 597.78 603.88 0.001651 5.24 2383.19 719.39 0.28 1
2 (1b) 6324 1-Percent 13600 590.5 604.07 598.29 604.38 0.001336 4.92 3381.59 804.93 0.26 1
2 (1b) 6324 0.2-Percent 18000 590.5 604.95 599.64 605.32 0.001487 5.5 4162.55 1046.76 0.28 1
2 (1b) 6015 10-Percent 7990 588.7 601.05 601.28 0.001292 4.23 2190.44 470.36 0.24 1
2 (1b) 6015 2-Percent 11800 588.7 602.48 602.77 0.001372 4.87 2922.28 535.55 0.26 1
2 (1b) 6015 1-Percent 13600 588.7 603.1 603.41 0.001361 5.07 3309.32 718.52 0.26 1
2 (1b) 6015 0.2-Percent 18000 588.7 603.73 604.15 0.00176 6.01 3850.02 973.96 0.31 1
2 (1b) 5607 10-Percent 7990 587.3 599.85 596.55 600.15 0.001998 2.49 2292.29 457.67 0.17 4.86
2 (1b) 5607 2-Percent 11800 587.3 600.93 598.47 601.39 0.002903 2.83 2683.27 494.64 0.19 5.96
2 (1b) 5607 1-Percent 13600 587.3 601.59 598.86 602.06 0.002785 2.95 3000.24 583.32 0.19 6.06
2 (1b) 5607 0.2-Percent 18000 587.3 602.75 596.63 603.11 0.001215 5.44 4128.34 1018.68 0.26 1
2 (1b) 5307 10-Percent 7990 585.8 599.42 599.52 0.000625 2.26 3232.65 481.71 0.13 2.69
2 (1b) 5307 2-Percent 11800 585.8 600.09 600.29 0.00127 2.82 3402.04 499.43 0.16 3.85
2 (1b) 5307 1-Percent 13600 585.8 600.74 600.96 0.001302 2.94 3717.96 537.1 0.16 4.01
2 (1b) 5307 0.2-Percent 18000 585.8 602.09 602.33 0.001461 2.96 4735.49 1254.09 0.16 5.14
2 (1b) 5051 10-Percent 7990 584.3 599.05 599.16 0.00074 2.36 3199.87 656.87 0.13 2.93
2 (1b) 5051 2-Percent 11800 584.3 599.12 599.43 0.002139 3.27 3042.16 669.38 0.19 4.21
2 (1b) 5051 1-Percent 13600 584.3 599.8 600.12 0.002037 3.34 3520.07 867.29 0.19 4.32
2 (1b) 5051 0.2-Percent 18000 584.3 601.17 601.49 0.001789 3.51 4794.61 955.02 0.19 4.3
2 (1b) 4786 10-Percent 7990 582.8 598.59 598.73 0.001179 2.96 3091.62 806.87 0.16 3.6
2 (1b) 4786 2-Percent 11800 582.8 598.5 598.78 0.000951 4.66 3374.68 798.11 0.23 1
2 (1b) 4786 1-Percent 13600 582.8 599.19 599.48 0.000946 4.83 3947.05 880.79 0.23 1
2 (1b) 4786 0.2-Percent 18000 582.8 600.58 600.89 0.000942 5.2 5334.49 1041.25 0.24 1
2 (1b) 4582 10-Percent 7990 582.7 597.88 598.06 0.002178 3.36 2744.95 766.99 0.19 4.49
2 (1b) 4582 2-Percent 11800 582.7 598.02 598.34 0.001133 4.98 3318.42 790.55 0.25 1
2 (1b) 4582 1-Percent 13600 582.7 598.71 599.04 0.001131 5.19 3915.43 951.61 0.25 1
2 (1b) 4582 0.2-Percent 18000 582.7 600.09 600.45 0.001137 5.61 5367.14 1091.7 0.26 1
2 (1b) 4363 10-Percent 7990 582.5 596.54 592.68 596.93 0.003662 3.5 1834.26 752.87 0.22 5.4
2 (1b) 4363 2-Percent 11800 582.5 597.61 590.78 597.91 0.000987 4.69 2879 1019.82 0.23 1
2 (1b) 4363 1-Percent 13600 582.5 598.36 591.3 598.63 0.000867 4.6 4631.81 1189.86 0.22 1
2 (1b) 4363 0.2-Percent 18000 582.5 599.75 592.38 600.03 0.000869 4.96 6316.99 1244.97 0.23 1
2 (1b) 4182 10-Percent 7990 582.4 596.03 590.08 596.38 0.002423 4.88 1715.52 461.01 0.27 1.99
2 (1b) 4182 2-Percent 11800 582.4 597.15 590.55 597.66 0.001656 5.93 2177.21 640.26 0.3 1
2 (1b) 4182 1-Percent 13600 582.4 597.79 591.12 598.38 0.001764 6.37 2370.28 896.17 0.31 1
2 (1b) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4712.29 1187.29 0.3 1
2 (1b) 3997 10-Percent 7990 582.3 595.55 589.62 595.92 0.002555 4.95 1666.69 282.71 0.27 2.05
2 (1b) 3997 2-Percent 11800 582.3 596.83 590.02 597.36 0.001639 5.95 2154.17 525.9 0.3 1
2 (1b) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001814 6.48 2326.93 803.2 0.32 1
2 (1b) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3967.34 1358.02 0.33 1
2 (1b) 3670 10-Percent 7990 582.1 595.25 595.31 0.001179 2.5 5654.99 1244.06 0.15 3.83
2 (1b) 3670 2-Percent 11800 582.1 596.76 596.82 0.001014 2.8 7649.63 1351.95 0.15 3.46
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Table 6: Flood Scenario 2 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

2 (1b) 3670 1-Percent 13600 582.1 597.4 597.46 0.001011 2.86 8502.22 1396.39 0.15 3.61
2 (1b) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000986 3 10644.42 1779.16 0.15 3.89
2 (1b) 2921 10-Percent 7990 576.6 593.85 594.11 0.002189 4.44 2558.9 954.88 0.23 3.09
2 (1b) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
2 (1b) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
2 (1b) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
2 (1b) 1922 10-Percent 7990 573.7 593.54 593.58 0.000196 2.09 8257.98 1344.43 0.09 1.45
2 (1b) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
2 (1b) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
2 (1b) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
2 (1b) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
2 (1b) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
2 (1b) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
2 (1b) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
2 (1b) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
2 (1b) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
2 (1b) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
2 (1b) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #3 with Ice Cover

Flood Bench Configuration: 1b + 2

Plan: UPDATE-FB-1B+2-SCHOOL+UNION-ICE
Geometry: UPDATE-FB-1B+2-SCHOOL+UNION-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 31: Flood Scenario #3 (1b+2) with Ice Cover Profile Plot
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Table 7: Flood Scenario 3 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

3 (1b+2) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
3 (1b+2) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
3 (1b+2) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
3 (1b+2) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.75 300.59 0.52
3 (1b+2) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
3 (1b+2) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
3 (1b+2) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
3 (1b+2) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.91 588.68 0.59
3 (1b+2) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
3 (1b+2) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
3 (1b+2) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
3 (1b+2) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.19 582.92 0.43
3 (1b+2) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
3 (1b+2) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
3 (1b+2) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.03 526.03 0.49
3 (1b+2) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001934 9.57 3631.51 561.19 0.49
3 (1b+2) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
3 (1b+2) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.77 352.78 0.52
3 (1b+2) 15751 1-Percent 13600 612.8 623.84 624.9 0.002251 9 2081.97 364.33 0.51
3 (1b+2) 15751 0.2-Percent 18000 612.8 625.57 626.72 0.00203 9.55 2727.68 378.08 0.5
3 (1b+2) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.58 541.73 0.36
3 (1b+2) 14403 2-Percent 11800 610.3 621.69 622.05 0.000915 5.87 3595.27 583.33 0.33
3 (1b+2) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4152.77 637.99 0.32
3 (1b+2) 14403 0.2-Percent 18000 610.3 624.76 625.08 0.000625 5.8 5655.52 746.8 0.28
3 (1b+2) 12986 10-Percent 7990 608.9 618.23 618.6 0.000826 5.21 2428.01 736.5 0.31
3 (1b+2) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4557.71 922.38 0.28
3 (1b+2) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5526.43 947.89 0.27
3 (1b+2) 12986 0.2-Percent 18000 608.9 624.04 624.33 0.000438 5.31 7810.45 999.57 0.24
3 (1b+2) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
3 (1b+2) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.56 1649.42 402.74 0.42
3 (1b+2) 12162 1-Percent 13600 604.9 620.09 621.25 0.001345 8.91 2098.69 463.53 0.42
3 (1b+2) 12162 0.2-Percent 18000 604.9 622.62 623.71 0.001118 9.06 3568.83 729.62 0.39
3 (1b+2) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.37 116.61 0.37
3 (1b+2) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.64 149.66 0.42
3 (1b+2) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.00151 9.11 1521.39 162.34 0.44
3 (1b+2) 11955 0.2-Percent 18000 605.5 621.71 615.65 623.37 0.001626 10.4 1774.71 330.41 0.47
3 (1b+2) 11860 Union Rd Bridge
3 (1b+2) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.61 112.37 0.45 1
3 (1b+2) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003606 9.76 1223 119.72 0.52 1
3 (1b+2) 11789 1-Percent 13600 605.5 618.6 614.75 620.34 0.003946 10.61 1302.12 123.36 0.55 1
3 (1b+2) 11789 0.2-Percent 18000 605.5 619.92 616.38 622.34 0.004801 12.56 1464.05 152.39 0.61 1
3 (1b+2) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.4 130.41 0.32 1
3 (1b+2) 11675 2-Percent 11800 602.4 617.87 618.79 0.002689 7.72 1568.74 139.63 0.38 1
3 (1b+2) 11675 1-Percent 13600 602.4 618.53 619.63 0.002983 8.46 1663.55 150.46 0.41 1
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Table 7: Flood Scenario 3 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

3 (1b+2) 11675 0.2-Percent 18000 602.4 619.87 621.43 0.00367 10.1 1939.27 305.89 0.46 1
3 (1b+2) 10302 10-Percent 7990 603.2 612.44 612.99 0.003619 6.22 1615.34 503.6 0.39 1
3 (1b+2) 10302 2-Percent 11800 603.2 613.64 614.32 0.00389 7.2 2290.94 591.22 0.42 1
3 (1b+2) 10302 1-Percent 13600 603.2 614.12 614.84 0.003933 7.54 2576.25 602.16 0.43 1
3 (1b+2) 10302 0.2-Percent 18000 603.2 615.17 615.96 0.003975 8.21 3218.83 623.64 0.44 1
3 (1b+2) 9372 10-Percent 7990 599.6 610.4 610.7 0.001693 4.73 2077.38 599.77 0.28 1
3 (1b+2) 9372 2-Percent 11800 599.6 611.63 611.96 0.001658 5.17 2827.52 618.22 0.28 1
3 (1b+2) 9372 1-Percent 13600 599.6 612.14 612.48 0.001632 5.32 3147.16 648.22 0.28 1
3 (1b+2) 9372 0.2-Percent 18000 599.6 613.36 613.71 0.001481 5.51 4084.79 990.85 0.28 1
3 (1b+2) 8312 10-Percent 7990 595.5 609.08 609.12 0.001198 1.43 5198.05 820.37 0.11 7.15
3 (1b+2) 8312 2-Percent 11800 595.5 609.67 609.76 0.002483 1.52 5276.43 822.88 0.13 9.3
3 (1b+2) 8312 1-Percent 13600 595.5 610.07 610.17 0.00284 1.59 5511.27 824.91 0.13 9.76
3 (1b+2) 8312 0.2-Percent 18000 595.5 611.42 611.54 0.002753 1.9 6625.37 841.09 0.14 9.85
3 (1b+2) 8145 10-Percent 7990 592.1 608.36 603.21 608.71 0.005869 4.75 1682.9 474.62 0.28 6.64
3 (1b+2) 8145 2-Percent 11800 592.1 608.93 601.33 609.32 0.002437 5 2358.88 487.22 0.25 3.34
3 (1b+2) 8145 1-Percent 13600 592.1 609.43 600.43 609.82 0.001395 5 2718.26 496.66 0.23 1.8
3 (1b+2) 8145 0.2-Percent 18000 592.1 610.71 600.82 611.24 0.001014 5.81 3097.55 517.06 0.25 1
3 (1b+2) 8049 Railroad Bridge Bridge
3 (1b+2) 7984 10-Percent 7990 592.1 608.09 602.72 608.45 0.003498 4.76 1669.72 566.01 0.27 3.41
3 (1b+2) 7984 2-Percent 11800 592.1 608.6 601.79 609.09 0.001525 5.67 2123.87 575.89 0.29 1
3 (1b+2) 7984 1-Percent 13600 592.1 608.97 602.36 609.58 0.001814 6.33 2193.45 587.66 0.31 1
3 (1b+2) 7984 0.2-Percent 18000 592.1 609.76 603.63 610.7 0.002535 7.84 2342.55 612.33 0.38 1
3 (1b+2) 7758 10-Percent 7990 595 607.31 604.72 607.41 0.001471 2.43 3173.57 1048.4 0.15 4.17
3 (1b+2) 7758 2-Percent 11800 595 608.11 606.03 608.24 0.001659 2.57 4072.41 1311.44 0.16 4.71
3 (1b+2) 7758 1-Percent 13600 595 608.45 606.48 608.61 0.001729 2.47 4449.64 1313.48 0.16 5.3
3 (1b+2) 7758 0.2-Percent 18000 595 609.24 606.94 609.44 0.001785 2.13 5286.27 1317.12 0.14 6.9
3 (1b+2) 7564 10-Percent 7990 594.9 606.78 606.87 0.001135 2.37 3386.28 1183.22 0.15 3.39
3 (1b+2) 7564 2-Percent 11800 594.9 607.49 607.61 0.001368 2.73 4322.26 1541.15 0.16 3.5
3 (1b+2) 7564 1-Percent 13600 594.9 607.82 607.95 0.001413 2.78 4827.35 1647.04 0.16 3.68
3 (1b+2) 7564 0.2-Percent 18000 594.9 608.57 608.72 0.001588 2.95 6077.96 1770.87 0.17 4.11
3 (1b+2) 7340 10-Percent 7990 594.8 606.4 606.47 0.000839 2.13 3893.68 1384.6 0.13 2.93
3 (1b+2) 7340 2-Percent 11800 594.8 606.97 607.08 0.001197 2.46 4683.99 1635.94 0.15 3.44
3 (1b+2) 7340 1-Percent 13600 594.8 607.28 607.4 0.001226 2.54 5216.67 1776.88 0.15 3.48
3 (1b+2) 7340 0.2-Percent 18000 594.8 607.99 608.13 0.001316 2.74 6515.37 1922.68 0.16 3.66
3 (1b+2) 7151 10-Percent 7990 594.7 605.93 606 0.00129 2.53 4224.14 1995.6 0.16 2.83
3 (1b+2) 7151 2-Percent 11800 594.7 606.15 606.28 0.002832 3.11 4482.14 2048.48 0.21 3.92
3 (1b+2) 7151 1-Percent 13600 594.7 606.55 606.67 0.002264 3.02 5343.88 2155.68 0.2 3.73
3 (1b+2) 7151 0.2-Percent 18000 594.7 607.32 607.43 0.00179 2.9 7101.14 2417.8 0.18 3.76
3 (1b+2) 6890 10-Percent 7990 593 605.68 601.86 605.7 0.000312 1.33 9691.83 2352.8 0.08 2.75
3 (1b+2) 6890 2-Percent 11800 593 605.34 603.19 605.39 0.001107 1.8 8623.6 2336.91 0.12 4.28
3 (1b+2) 6890 1-Percent 13600 593 605.88 603.35 605.93 0.000915 1.85 9958.42 2357.81 0.12 3.98
3 (1b+2) 6890 0.2-Percent 18000 593 606.71 603.83 606.78 0.000896 2.02 11936.4 2388.55 0.12 3.94
3 (1b+2) 6631 10-Percent 7990 592 605.2 601.74 605.33 0.001905 2.69 2942.79 1025.36 0.18 3.95
3 (1b+2) 6631 2-Percent 11800 592 603.88 599.88 604.39 0.002834 5.93 2161.15 598.27 0.35 1
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Table 7: Flood Scenario 3 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

3 (1b+2) 6631 1-Percent 13600 592 604.51 600.36 605.05 0.002747 6.16 2418.13 777.37 0.36 1
3 (1b+2) 6631 0.2-Percent 18000 592 605.5 601.44 605.97 0.002304 6.11 3808.91 1070.69 0.34 1
3 (1b+2) 6324 10-Percent 7990 590.5 602.65 600.75 603.28 0.00668 3 1610.03 561.72 0.24 6.43
3 (1b+2) 6324 2-Percent 11800 590.5 602.73 598.1 603.06 0.001588 4.85 2595.65 568.49 0.27 1
3 (1b+2) 6324 1-Percent 13600 590.5 603.32 598.51 603.71 0.001659 5.19 2788.96 709.03 0.28 1
3 (1b+2) 6324 0.2-Percent 18000 590.5 604.51 599.38 604.84 0.0014 5.18 4197.95 827.61 0.27 1
3 (1b+2) 6015 10-Percent 7990 588.7 600.02 600.3 0.002684 1.68 2146.41 495.66 0.15 5.74
3 (1b+2) 6015 2-Percent 11800 588.7 600.97 601.43 0.003435 1.72 2458.91 503.92 0.16 6.96
3 (1b+2) 6015 1-Percent 13600 588.7 601.61 602.1 0.003146 1.8 2760.44 511.7 0.15 7.15
3 (1b+2) 6015 0.2-Percent 18000 588.7 602.97 603.47 0.002653 2.28 3568.27 691.97 0.16 6.7
3 (1b+2) 5607 10-Percent 7990 587.3 599.5 594.56 599.58 0.00047 1.72 3662.96 527.85 0.1 2.67
3 (1b+2) 5607 2-Percent 11800 587.3 600.19 595.16 600.33 0.000768 2.28 4019.41 547.11 0.13 2.83
3 (1b+2) 5607 1-Percent 13600 587.3 600.86 595.43 601.02 0.000773 2.41 4389.48 571.59 0.14 2.86
3 (1b+2) 5607 0.2-Percent 18000 587.3 602.24 596.05 602.44 0.000801 2.7 5177.09 963.37 0.14 2.94
3 (1b+2) 5307 10-Percent 7990 585.8 599.3 599.36 0.000321 1.91 4083.65 560.39 0.1 1.79
3 (1b+2) 5307 2-Percent 11800 585.8 599.81 599.93 0.000664 2.43 4258.1 572.27 0.13 2.64
3 (1b+2) 5307 1-Percent 13600 585.8 600.47 600.61 0.000677 2.55 4636.25 587.02 0.13 2.7
3 (1b+2) 5307 0.2-Percent 18000 585.8 601.84 602.01 0.000714 2.8 5650.87 1135.86 0.14 2.87
3 (1b+2) 5051 10-Percent 7990 584.3 599.01 599.12 0.000667 2.41 3244.61 652.53 0.13 2.5
3 (1b+2) 5051 2-Percent 11800 584.3 599.11 599.38 0.001796 3.38 3157.61 668.58 0.19 3.46
3 (1b+2) 5051 1-Percent 13600 584.3 599.79 600.07 0.001722 3.47 3642.41 860.33 0.19 3.52
3 (1b+2) 5051 0.2-Percent 18000 584.3 601.16 601.46 0.001601 3.64 4895.97 954.55 0.19 3.67
3 (1b+2) 4786 10-Percent 7990 582.8 598.58 598.71 0.00114 2.98 3101.18 805.87 0.16 3.45
3 (1b+2) 4786 2-Percent 11800 582.8 598.5 598.78 0.000951 4.66 3373.7 797.97 0.23 1
3 (1b+2) 4786 1-Percent 13600 582.8 599.19 599.48 0.000946 4.84 3945.22 880.42 0.23 1
3 (1b+2) 4786 0.2-Percent 18000 582.8 600.58 600.89 0.000942 5.2 5334.11 1041.25 0.24 1
3 (1b+2) 4582 10-Percent 7990 582.7 597.89 598.06 0.002151 3.36 2752.36 767.19 0.19 4.45
3 (1b+2) 4582 2-Percent 11800 582.7 598.02 598.34 0.001134 4.98 3317.16 790.06 0.25 1
3 (1b+2) 4582 1-Percent 13600 582.7 598.7 599.04 0.001133 5.19 3912.82 951.01 0.25 1
3 (1b+2) 4582 0.2-Percent 18000 582.7 600.09 600.45 0.001137 5.61 5366.67 1091.69 0.26 1
3 (1b+2) 4363 10-Percent 7990 582.5 596.56 592.68 596.94 0.003614 3.49 1842.22 757 0.22 5.39
3 (1b+2) 4363 2-Percent 11800 582.5 597.61 590.8 597.91 0.000987 4.69 2878 1018.71 0.23 1
3 (1b+2) 4363 1-Percent 13600 582.5 598.36 591.3 598.62 0.000868 4.6 4627.97 1189.75 0.22 1
3 (1b+2) 4363 0.2-Percent 18000 582.5 599.75 592.38 600.03 0.000869 4.96 6316.38 1244.95 0.23 1
3 (1b+2) 4182 10-Percent 7990 582.4 596.04 590.14 596.4 0.00246 4.88 1714.46 462.58 0.27 2.03
3 (1b+2) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001657 5.93 2176.59 640.03 0.3 1
3 (1b+2) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.17 894.76 0.31 1
3 (1b+2) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001505 6.4 4711.58 1187.27 0.3 1
3 (1b+2) 3997 10-Percent 7990 582.3 595.56 589.65 595.93 0.002583 4.95 1665.36 282.94 0.27 2.07
3 (1b+2) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.00164 5.95 2153.49 525.53 0.3 1
3 (1b+2) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001816 6.49 2325.71 799.24 0.32 1
3 (1b+2) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001924 7.2 3966.32 1357.9 0.33 1
3 (1b+2) 3670 10-Percent 7990 582.1 595.26 595.31 0.001188 2.49 5655.1 1244.35 0.15 3.88
3 (1b+2) 3670 2-Percent 11800 582.1 596.76 596.82 0.001011 2.8 7650.44 1351.88 0.15 3.43
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Table 7: Flood Scenario 3 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

3 (1b+2) 3670 1-Percent 13600 582.1 597.39 597.46 0.001005 2.87 8504.31 1395.99 0.15 3.56
3 (1b+2) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000985 3 10644.95 1778.9 0.15 3.87
3 (1b+2) 2921 10-Percent 7990 576.6 593.85 594.11 0.002189 4.44 2558.9 954.88 0.23 3.09
3 (1b+2) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
3 (1b+2) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
3 (1b+2) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
3 (1b+2) 1922 10-Percent 7990 573.7 593.54 593.58 0.000196 2.09 8257.98 1344.43 0.09 1.45
3 (1b+2) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
3 (1b+2) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
3 (1b+2) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
3 (1b+2) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
3 (1b+2) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
3 (1b+2) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
3 (1b+2) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
3 (1b+2) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
3 (1b+2) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
3 (1b+2) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
3 (1b+2) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #4 with Ice Cover

Flood Bench Configuration: 2 + 3

Plan: UPDATE-FB-2+3-UNION+CLINTON-ICE
Geometry: UPDATE-FB-2+3-UNION+CLINTON-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 32: Flood Scenario #4 (2+3) with Ice Cover Profile Plot
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Table 8: Flood Scenario 4 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

4 (2+3) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
4 (2+3) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
4 (2+3) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
4 (2+3) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
4 (2+3) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
4 (2+3) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
4 (2+3) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
4 (2+3) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.99 588.7 0.59
4 (2+3) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
4 (2+3) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
4 (2+3) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
4 (2+3) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.3 582.92 0.43
4 (2+3) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
4 (2+3) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
4 (2+3) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.06 526.03 0.49
4 (2+3) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001933 9.57 3631.81 561.22 0.49
4 (2+3) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
4 (2+3) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.84 352.78 0.52
4 (2+3) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 8.99 2082.15 364.34 0.51
4 (2+3) 15751 0.2-Percent 18000 612.8 625.58 626.72 0.002028 9.55 2728.69 378.1 0.5
4 (2+3) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.51 541.73 0.36
4 (2+3) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.56 583.34 0.33
4 (2+3) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.44 638.03 0.32
4 (2+3) 14403 0.2-Percent 18000 610.3 624.77 625.08 0.000624 5.8 5658.76 747.05 0.28
4 (2+3) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.88 736.44 0.31
4 (2+3) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.45 922.4 0.28
4 (2+3) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.88 947.91 0.27
4 (2+3) 12986 0.2-Percent 18000 608.9 624.05 624.34 0.000438 5.3 7815.94 999.73 0.24
4 (2+3) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.66 135.14 0.37
4 (2+3) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.94 403.2 0.42
4 (2+3) 12162 1-Percent 13600 604.9 620.09 621.25 0.001344 8.9 2099.93 463.56 0.42
4 (2+3) 12162 0.2-Percent 18000 604.9 622.63 623.71 0.001115 9.05 3575.48 731.22 0.39
4 (2+3) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.34 116.61 0.37
4 (2+3) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.81 149.68 0.42
4 (2+3) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.73 162.38 0.44
4 (2+3) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001623 10.39 1775.84 332.06 0.47
4 (2+3) 11860 Union Rd Bridge
4 (2+3) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.58 112.37 0.45 1
4 (2+3) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003604 9.76 1223.19 119.72 0.52 1
4 (2+3) 11789 1-Percent 13600 605.5 618.61 614.75 620.34 0.003942 10.61 1302.55 123.38 0.55 1
4 (2+3) 11789 0.2-Percent 18000 605.5 619.93 616.38 622.35 0.004784 12.55 1465.69 153.18 0.61 1
4 (2+3) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.36 130.41 0.32 1
4 (2+3) 11675 2-Percent 11800 602.4 617.88 618.8 0.002688 7.72 1568.97 139.64 0.38 1
4 (2+3) 11675 1-Percent 13600 602.4 618.53 619.63 0.00298 8.46 1664.11 150.55 0.41 1
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Table 8: Flood Scenario 4 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

4 (2+3) 11675 0.2-Percent 18000 602.4 619.89 621.44 0.003656 10.09 1943.67 306.48 0.46 1
4 (2+3) 10302 10-Percent 7990 603.2 612.45 613 0.003606 6.21 1618.54 503.83 0.39 1
4 (2+3) 10302 2-Percent 11800 603.2 613.64 614.32 0.003899 7.21 2288.49 591.17 0.42 1
4 (2+3) 10302 1-Percent 13600 603.2 614.11 614.83 0.003958 7.55 2569.57 601.71 0.43 1
4 (2+3) 10302 0.2-Percent 18000 603.2 615.13 615.94 0.004056 8.27 3193.87 623.24 0.45 1
4 (2+3) 9372 10-Percent 7990 599.6 610.25 610.58 0.001872 4.91 1990.24 596.56 0.29 1
4 (2+3) 9372 2-Percent 11800 599.6 611.44 611.8 0.001868 5.4 2706.38 613.84 0.3 1
4 (2+3) 9372 1-Percent 13600 599.6 611.93 612.3 0.001848 5.58 3010.19 631.31 0.3 1
4 (2+3) 9372 0.2-Percent 18000 599.6 613.06 613.46 0.00173 5.84 3804.73 871.61 0.3 1
4 (2+3) 8312 10-Percent 7990 595.5 607.93 608.01 0.003056 1.12 3824.79 778.69 0.12 9.62
4 (2+3) 8312 2-Percent 11800 595.5 608.29 608.45 0.006115 0.87 3771.02 761.98 0.12 11.67
4 (2+3) 8312 1-Percent 13600 595.5 608.73 608.92 0.006483 0.9 4041.9 769.14 0.13 12.1
4 (2+3) 8312 0.2-Percent 18000 595.5 610.15 610.36 0.005649 1.22 5096.6 801.78 0.14 12.51
4 (2+3) 8145 10-Percent 7990 592.1 606.88 602.21 607.26 0.006332 5 1597.19 430.2 0.3 5.52
4 (2+3) 8145 2-Percent 11800 592.1 607.54 599.97 607.93 0.001774 5 2357.7 457.15 0.25 1.83
4 (2+3) 8145 1-Percent 13600 592.1 608.11 599.7 608.53 0.001065 5.21 2608.35 469.33 0.25 1
4 (2+3) 8145 0.2-Percent 18000 592.1 609.27 600.82 609.9 0.001403 6.37 2826.43 494.42 0.29 1
4 (2+3) 8049 Railroad Bridge Bridge
4 (2+3) 7984 10-Percent 7990 592.1 606.6 601.23 606.98 0.002758 4.96 1623.74 502.26 0.28 1.86
4 (2+3) 7984 2-Percent 11800 592.1 607 601.79 607.66 0.002549 6.58 1824.86 524.05 0.35 1
4 (2+3) 7984 1-Percent 13600 592.1 607.41 602.37 608.22 0.002951 7.29 1900.63 535.1 0.39 1
4 (2+3) 7984 0.2-Percent 18000 592.1 608.23 603.64 609.45 0.003971 8.94 2054.82 567.15 0.46 1
4 (2+3) 7758 10-Percent 7990 595 606.3 602.53 606.37 0.000579 1.73 3949.08 888.53 0.11 2.87
4 (2+3) 7758 2-Percent 11800 595 606.43 603.51 606.61 0.001519 1.83 3749.34 894.3 0.13 5.19
4 (2+3) 7758 1-Percent 13600 595 606.88 603.79 607.06 0.001461 1.76 4297.22 937.67 0.13 5.65
4 (2+3) 7758 0.2-Percent 18000 595 607.68 604.51 607.92 0.001694 1.58 4937.03 1206.71 0.12 7.24
4 (2+3) 7564 10-Percent 7990 594.9 606.12 606.16 0.000398 1.76 4545.41 962.1 0.1 1.92
4 (2+3) 7564 2-Percent 11800 594.9 605.9 606.03 0.001207 2.27 4177.14 926.65 0.15 3.27
4 (2+3) 7564 1-Percent 13600 594.9 606.35 606.49 0.001211 2.35 4599.1 1006.82 0.15 3.36
4 (2+3) 7564 0.2-Percent 18000 594.9 607.06 607.25 0.001433 2.49 5341.97 1291.58 0.16 3.93
4 (2+3) 7340 10-Percent 7990 594.8 606 606.03 0.00025 1.57 5575.2 1172.09 0.09 1.42
4 (2+3) 7340 2-Percent 11800 594.8 605.5 605.59 0.000907 2.13 4869.56 1089.68 0.14 2.64
4 (2+3) 7340 1-Percent 13600 594.8 605.95 606.05 0.000887 2.2 5372.19 1150.56 0.14 2.67
4 (2+3) 7340 0.2-Percent 18000 594.8 606.59 606.73 0.001074 2.4 6160.26 1428.34 0.15 3.06
4 (2+3) 7151 10-Percent 7990 594.7 605.92 605.94 0.000152 1.37 7047.19 1992.33 0.08 1.11
4 (2+3) 7151 2-Percent 11800 594.7 605.14 605.22 0.000731 1.92 5418.71 1468.93 0.13 2.36
4 (2+3) 7151 1-Percent 13600 594.7 605.62 605.7 0.000685 2 6261.41 1920.16 0.13 2.28
4 (2+3) 7151 0.2-Percent 18000 594.7 606.19 606.28 0.000852 2.19 7324.17 2062.22 0.14 2.66
4 (2+3) 6890 10-Percent 7990 593 605.88 599.92 605.89 0.000064 0.94 12527.93 2357.76 0.05 1.12
4 (2+3) 6890 2-Percent 11800 593 604.87 600.38 604.93 0.000416 1.48 6447.69 2310.61 0.09 2.51
4 (2+3) 6890 1-Percent 13600 593 605.44 600.53 605.46 0.00028 1.36 11301.99 2342.06 0.08 2.24
4 (2+3) 6890 0.2-Percent 18000 593 605.95 600.96 605.98 0.000373 1.58 12458.11 2359.63 0.09 2.48
4 (2+3) 6631 10-Percent 7990 592 605.58 601.3 605.76 0.002201 3.17 2419.19 1082.85 0.2 3.67
4 (2+3) 6631 2-Percent 11800 592 603.88 599.88 604.39 0.002832 5.92 2161.64 733.84 0.35 1
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Table 8: Flood Scenario 4 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

4 (2+3) 6631 1-Percent 13600 592 604.51 600.37 605.05 0.002744 6.16 2419.08 784.27 0.36 1
4 (2+3) 6631 0.2-Percent 18000 592 605.41 601.44 605.62 0.001143 4.27 4979.63 1045.05 0.24 1
4 (2+3) 6324 10-Percent 7990 590.5 602.53 601.1 603.33 0.008292 2.93 1481.12 547.41 0.25 6.95
4 (2+3) 6324 2-Percent 11800 590.5 602.73 598.1 603.06 0.001587 4.85 2596.36 568.62 0.27 1
4 (2+3) 6324 1-Percent 13600 590.5 603.33 598.51 603.71 0.001656 5.19 2790.22 710.54 0.28 1
4 (2+3) 6324 0.2-Percent 18000 590.5 604.51 599.38 604.84 0.0014 5.18 4198.31 827.73 0.27 1
4 (2+3) 6015 10-Percent 7990 588.7 600.51 600.73 0.001833 1.63 2427.41 499.98 0.13 5.49
4 (2+3) 6015 2-Percent 11800 588.7 601 601.45 0.003353 1.74 2482.71 504.18 0.16 6.89
4 (2+3) 6015 1-Percent 13600 588.7 601.63 602.12 0.00309 1.82 2780.05 511.9 0.15 7.1
4 (2+3) 6015 0.2-Percent 18000 588.7 603 603.49 0.0026 2.31 3599.85 695.75 0.16 6.59
4 (2+3) 5607 10-Percent 7990 587.3 600.16 594.34 600.22 0.000333 1.67 4059.63 546.31 0.09 2.26
4 (2+3) 5607 2-Percent 11800 587.3 600.24 595.16 600.38 0.000747 2.28 4053.08 548.25 0.13 2.78
4 (2+3) 5607 1-Percent 13600 587.3 600.9 595.41 601.06 0.000757 2.41 4416.75 573.94 0.13 2.82
4 (2+3) 5607 0.2-Percent 18000 587.3 602.27 596 602.47 0.000789 2.7 5200.24 973.07 0.14 2.91
4 (2+3) 5307 10-Percent 7990 585.8 600.01 600.06 0.000233 1.75 4506.07 575.82 0.09 1.67
4 (2+3) 5307 2-Percent 11800 585.8 599.88 600 0.000627 2.44 4319.75 573.49 0.13 2.48
4 (2+3) 5307 1-Percent 13600 585.8 600.53 600.66 0.000648 2.57 4687.13 587.54 0.13 2.56
4 (2+3) 5307 0.2-Percent 18000 585.8 601.89 602.05 0.000688 2.82 5722.75 1168.9 0.14 2.73
4 (2+3) 5051 10-Percent 7990 584.3 599.68 599.82 0.001249 3.15 2947.62 766.64 0.17 3.06
4 (2+3) 5051 2-Percent 11800 584.3 599.21 599.54 0.001187 4.87 2949.37 664.88 0.25 1
4 (2+3) 5051 1-Percent 13600 584.3 599.85 600.2 0.001188 5.08 3421.59 872.11 0.25 1
4 (2+3) 5051 0.2-Percent 18000 584.3 601.21 601.57 0.00116 5.44 4655.16 935.59 0.26 1
4 (2+3) 4786 10-Percent 7990 582.8 599.01 599.13 0.001702 3.2 3042.02 845.12 0.18 4.56
4 (2+3) 4786 2-Percent 11800 582.8 598.68 599.01 0.001074 5 3254.57 817.09 0.24 1
4 (2+3) 4786 1-Percent 13600 582.8 599.33 599.67 0.001074 5.19 3806.97 913.8 0.25 1
4 (2+3) 4786 0.2-Percent 18000 582.8 600.7 601.05 0.001048 5.52 5198.04 1042.57 0.25 1
4 (2+3) 4582 10-Percent 7990 582.7 597.88 598.08 0.00399 4.04 2406.55 751.33 0.24 5.27
4 (2+3) 4582 2-Percent 11800 582.7 598.14 598.51 0.001268 5.31 3182.46 816.12 0.26 1
4 (2+3) 4582 1-Percent 13600 582.7 598.78 599.17 0.001283 5.55 3751.86 977.87 0.27 1
4 (2+3) 4582 0.2-Percent 18000 582.7 600.15 600.56 0.001277 5.97 5198.41 1093.14 0.27 1
4 (2+3) 4363 10-Percent 7990 582.5 596.49 590.48 596.82 0.002462 4.75 1790.51 742.9 0.26 2.34
4 (2+3) 4363 2-Percent 11800 582.5 597.48 590.61 597.95 0.001487 5.72 2365.98 945.93 0.28 1
4 (2+3) 4363 1-Percent 13600 582.5 598.28 591.23 598.66 0.001234 5.46 4087.63 1174.9 0.26 1
4 (2+3) 4363 0.2-Percent 18000 582.5 599.68 592.56 600.06 0.001167 5.73 5786.89 1242.01 0.26 1
4 (2+3) 4182 10-Percent 7990 582.4 596.03 590.04 596.39 0.002329 4.85 1726.56 461.73 0.27 1.93
4 (2+3) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
4 (2+3) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.5 895.16 0.31 1
4 (2+3) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4712.29 1187.29 0.3 1
4 (2+3) 3997 10-Percent 7990 582.3 595.56 589.65 595.93 0.002585 4.95 1664.97 282.91 0.27 2.07
4 (2+3) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
4 (2+3) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001815 6.49 2326.06 800.37 0.32 1
4 (2+3) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3967.34 1358.02 0.33 1
4 (2+3) 3670 10-Percent 7990 582.1 595.26 595.31 0.001186 2.49 5655.55 1244.31 0.15 3.87
4 (2+3) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 8: Flood Scenario 4 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

4 (2+3) 3670 1-Percent 13600 582.1 597.4 597.46 0.001007 2.87 8503.65 1396.1 0.15 3.58
4 (2+3) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000986 3 10644.42 1779.16 0.15 3.89
4 (2+3) 2921 10-Percent 7990 576.6 593.85 594.11 0.002187 4.44 2559.96 955.18 0.23 3.09
4 (2+3) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
4 (2+3) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
4 (2+3) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
4 (2+3) 1922 10-Percent 7990 573.7 593.54 593.58 0.000197 2.08 8257.55 1344.43 0.09 1.46
4 (2+3) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
4 (2+3) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
4 (2+3) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
4 (2+3) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
4 (2+3) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
4 (2+3) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
4 (2+3) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
4 (2+3) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
4 (2+3) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
4 (2+3) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
4 (2+3) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #5 with Ice Cover

Flood Bench Configuration: 1b + 2 + 3

Plan: UPDATE-FB-1b+2+3-SCHOOL+UNION+CLINTON-ICE
Geometry: UPDATE-FB-1b+2+3-SCHOOL+UNION+CLINTON-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 33: Flood Scenario #5 (1b+2+3) with Ice Cover Profile Plot
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Table 9: Flood Scenario 5 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

5 (1b+2+3) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
5 (1b+2+3) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
5 (1b+2+3) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
5 (1b+2+3) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
5 (1b+2+3) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
5 (1b+2+3) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
5 (1b+2+3) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
5 (1b+2+3) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.99 588.7 0.59
5 (1b+2+3) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
5 (1b+2+3) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
5 (1b+2+3) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
5 (1b+2+3) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.3 582.92 0.43
5 (1b+2+3) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
5 (1b+2+3) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
5 (1b+2+3) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.06 526.03 0.49
5 (1b+2+3) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001933 9.57 3631.81 561.22 0.49
5 (1b+2+3) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
5 (1b+2+3) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.84 352.78 0.52
5 (1b+2+3) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 8.99 2082.15 364.34 0.51
5 (1b+2+3) 15751 0.2-Percent 18000 612.8 625.58 626.72 0.002028 9.55 2728.69 378.1 0.5
5 (1b+2+3) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.54 541.73 0.36
5 (1b+2+3) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.56 583.34 0.33
5 (1b+2+3) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.44 638.03 0.32
5 (1b+2+3) 14403 0.2-Percent 18000 610.3 624.77 625.08 0.000624 5.8 5658.71 747.05 0.28
5 (1b+2+3) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.97 736.48 0.31
5 (1b+2+3) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.45 922.4 0.28
5 (1b+2+3) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.88 947.91 0.27
5 (1b+2+3) 12986 0.2-Percent 18000 608.9 624.05 624.34 0.000438 5.3 7815.88 999.73 0.24
5 (1b+2+3) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
5 (1b+2+3) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.94 403.2 0.42
5 (1b+2+3) 12162 1-Percent 13600 604.9 620.09 621.25 0.001344 8.9 2099.93 463.56 0.42
5 (1b+2+3) 12162 0.2-Percent 18000 604.9 622.63 623.71 0.001115 9.05 3575.43 731.22 0.39
5 (1b+2+3) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.36 116.61 0.37
5 (1b+2+3) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.81 149.68 0.42
5 (1b+2+3) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.73 162.38 0.44
5 (1b+2+3) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001623 10.39 1775.83 332.05 0.47
5 (1b+2+3) 11860 Union Rd Bridge
5 (1b+2+3) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.59 112.37 0.45 1
5 (1b+2+3) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003604 9.76 1223.19 119.72 0.52 1
5 (1b+2+3) 11789 1-Percent 13600 605.5 618.61 614.75 620.34 0.003942 10.61 1302.55 123.38 0.55 1
5 (1b+2+3) 11789 0.2-Percent 18000 605.5 619.93 616.38 622.35 0.004784 12.55 1465.68 153.16 0.61 1
5 (1b+2+3) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.37 130.41 0.32 1
5 (1b+2+3) 11675 2-Percent 11800 602.4 617.88 618.8 0.002688 7.72 1568.97 139.64 0.38 1
5 (1b+2+3) 11675 1-Percent 13600 602.4 618.53 619.63 0.00298 8.46 1664.11 150.55 0.41 1
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Table 9: Flood Scenario 5 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

5 (1b+2+3) 11675 0.2-Percent 18000 602.4 619.89 621.44 0.003656 10.09 1943.65 306.48 0.46 1
5 (1b+2+3) 10302 10-Percent 7990 603.2 612.45 613 0.003606 6.21 1618.45 503.82 0.39 1
5 (1b+2+3) 10302 2-Percent 11800 603.2 613.64 614.32 0.003899 7.21 2288.49 591.17 0.42 1
5 (1b+2+3) 10302 1-Percent 13600 603.2 614.11 614.83 0.003958 7.55 2569.57 601.71 0.43 1
5 (1b+2+3) 10302 0.2-Percent 18000 603.2 615.13 615.94 0.004056 8.27 3193.91 623.24 0.45 1
5 (1b+2+3) 9372 10-Percent 7990 599.6 610.26 610.58 0.001868 4.9 1991.95 596.63 0.29 1
5 (1b+2+3) 9372 2-Percent 11800 599.6 611.44 611.8 0.001868 5.4 2706.38 613.84 0.3 1
5 (1b+2+3) 9372 1-Percent 13600 599.6 611.93 612.3 0.001848 5.58 3010.19 631.31 0.3 1
5 (1b+2+3) 9372 0.2-Percent 18000 599.6 613.06 613.46 0.00173 5.84 3804.63 871.39 0.3 1
5 (1b+2+3) 8312 10-Percent 7990 595.5 607.92 607.99 0.00311 1.09 3797.4 777.89 0.12 9.71
5 (1b+2+3) 8312 2-Percent 11800 595.5 608.29 608.45 0.006115 0.87 3771.04 761.98 0.12 11.67
5 (1b+2+3) 8312 1-Percent 13600 595.5 608.73 608.92 0.006483 0.9 4041.86 769.14 0.13 12.1
5 (1b+2+3) 8312 0.2-Percent 18000 595.5 610.15 610.36 0.005649 1.22 5096.33 801.77 0.14 12.51
5 (1b+2+3) 8145 10-Percent 7990 592.1 606.86 602.19 607.25 0.006306 5 1597.83 428.55 0.3 5.5
5 (1b+2+3) 8145 2-Percent 11800 592.1 607.54 599.97 607.93 0.001775 5 2357.67 457.15 0.25 1.83
5 (1b+2+3) 8145 1-Percent 13600 592.1 608.11 599.7 608.53 0.001065 5.21 2608.34 469.33 0.25 1
5 (1b+2+3) 8145 0.2-Percent 18000 592.1 609.27 600.82 609.9 0.001403 6.37 2826.36 494.41 0.29 1
5 (1b+2+3) 8049 Railroad Bridge Bridge
5 (1b+2+3) 7984 10-Percent 7990 592.1 606.59 601.15 606.96 0.002681 4.95 1629.35 501.55 0.28 1.8
5 (1b+2+3) 7984 2-Percent 11800 592.1 607 601.79 607.66 0.002549 6.58 1824.85 524.05 0.35 1
5 (1b+2+3) 7984 1-Percent 13600 592.1 607.41 602.37 608.22 0.002952 7.29 1900.62 535.1 0.39 1
5 (1b+2+3) 7984 0.2-Percent 18000 592.1 608.23 603.64 609.45 0.003972 8.94 2054.73 567.15 0.46 1
5 (1b+2+3) 7758 10-Percent 7990 595 606.28 602.54 606.35 0.000592 1.73 3926.16 888.14 0.11 2.94
5 (1b+2+3) 7758 2-Percent 11800 595 606.43 603.5 606.61 0.001519 1.83 3749.23 894.29 0.13 5.2
5 (1b+2+3) 7758 1-Percent 13600 595 606.88 603.8 607.06 0.001462 1.76 4297.05 937.67 0.13 5.65
5 (1b+2+3) 7758 0.2-Percent 18000 595 607.68 604.51 607.92 0.001695 1.58 4937.05 1206.32 0.12 7.24
5 (1b+2+3) 7564 10-Percent 7990 594.9 606.09 606.14 0.00041 1.74 4511.15 958.97 0.1 2
5 (1b+2+3) 7564 2-Percent 11800 594.9 605.9 606.03 0.001208 2.27 4176.89 926.64 0.15 3.27
5 (1b+2+3) 7564 1-Percent 13600 594.9 606.35 606.49 0.001212 2.35 4598.73 1006.78 0.15 3.36
5 (1b+2+3) 7564 0.2-Percent 18000 594.9 607.06 607.25 0.001434 2.49 5340.83 1291.22 0.16 3.93
5 (1b+2+3) 7340 10-Percent 7990 594.8 605.97 606 0.00026 1.54 5530.36 1156.67 0.09 1.5
5 (1b+2+3) 7340 2-Percent 11800 594.8 605.5 605.59 0.000907 2.13 4869.04 1089.66 0.14 2.64
5 (1b+2+3) 7340 1-Percent 13600 594.8 605.95 606.05 0.000888 2.2 5371.68 1150.43 0.14 2.67
5 (1b+2+3) 7340 0.2-Percent 18000 594.8 606.59 606.72 0.001075 2.4 6158.43 1428.06 0.15 3.06
5 (1b+2+3) 7151 10-Percent 7990 594.7 605.89 605.91 0.000159 1.35 6966.51 1984.21 0.08 1.19
5 (1b+2+3) 7151 2-Percent 11800 594.7 605.14 605.22 0.000731 1.93 5419.84 1468.82 0.13 2.36
5 (1b+2+3) 7151 1-Percent 13600 594.7 605.62 605.7 0.000686 2 6259.99 1919.94 0.13 2.28
5 (1b+2+3) 7151 0.2-Percent 18000 594.7 606.19 606.28 0.000853 2.19 7321.21 2061.64 0.14 2.66
5 (1b+2+3) 6890 10-Percent 7990 593 605.84 599.92 605.85 0.000066 0.92 12427.56 2356.84 0.05 1.22
5 (1b+2+3) 6890 2-Percent 11800 593 604.87 600.38 604.93 0.000416 1.48 6447.47 2310.6 0.09 2.51
5 (1b+2+3) 6890 1-Percent 13600 593 605.44 600.53 605.46 0.00028 1.36 11299.96 2342.02 0.08 2.24
5 (1b+2+3) 6890 0.2-Percent 18000 593 605.95 600.96 605.98 0.000374 1.58 12453.3 2359.59 0.09 2.48
5 (1b+2+3) 6631 10-Percent 7990 592 605.55 601.18 605.73 0.002191 3.2 2415.01 1075.41 0.2 3.59
5 (1b+2+3) 6631 2-Percent 11800 592 603.88 599.88 604.39 0.002832 5.92 2161.54 733.83 0.35 1
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Table 9: Flood Scenario 5 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

5 (1b+2+3) 6631 1-Percent 13600 592 604.51 600.36 605.05 0.002745 6.16 2418.58 783.96 0.36 1
5 (1b+2+3) 6631 0.2-Percent 18000 592 605.4 601.44 605.62 0.001144 4.27 4977.01 1044.61 0.24 1
5 (1b+2+3) 6324 10-Percent 7990 590.5 602.71 601.04 603.43 0.007181 2.87 1553.77 565.17 0.24 6.87
5 (1b+2+3) 6324 2-Percent 11800 590.5 602.73 598.1 603.06 0.001587 4.85 2596.2 568.59 0.27 1
5 (1b+2+3) 6324 1-Percent 13600 590.5 603.33 598.51 603.71 0.001657 5.19 2789.57 709.76 0.28 1
5 (1b+2+3) 6324 0.2-Percent 18000 590.5 604.5 599.38 604.83 0.001402 5.19 4195.02 826.68 0.27 1
5 (1b+2+3) 6015 10-Percent 7990 588.7 600.02 600.3 0.002737 1.62 2123.58 495.67 0.15 5.92
5 (1b+2+3) 6015 2-Percent 11800 588.7 600.97 601.43 0.003437 1.71 2457.24 503.93 0.16 6.98
5 (1b+2+3) 6015 1-Percent 13600 588.7 601.61 602.1 0.003148 1.79 2758.78 511.71 0.15 7.17
5 (1b+2+3) 6015 0.2-Percent 18000 588.7 602.97 603.47 0.002641 2.29 3575.84 692.15 0.16 6.65
5 (1b+2+3) 5607 10-Percent 7990 587.3 599.5 594.51 599.58 0.000472 1.72 3659.34 527.85 0.1 2.7
5 (1b+2+3) 5607 2-Percent 11800 587.3 600.19 595.17 600.34 0.000767 2.28 4020.58 547.16 0.13 2.83
5 (1b+2+3) 5607 1-Percent 13600 587.3 600.87 595.43 601.02 0.000772 2.41 4390.76 571.72 0.14 2.86
5 (1b+2+3) 5607 0.2-Percent 18000 587.3 602.24 596.05 602.44 0.000801 2.7 5177.87 963.67 0.14 2.94
5 (1b+2+3) 5307 10-Percent 7990 585.8 599.3 599.36 0.000321 1.91 4083.58 560.39 0.1 1.79
5 (1b+2+3) 5307 2-Percent 11800 585.8 599.81 599.93 0.000664 2.42 4258.08 572.31 0.13 2.65
5 (1b+2+3) 5307 1-Percent 13600 585.8 600.48 600.62 0.000678 2.55 4636.22 587.04 0.13 2.71
5 (1b+2+3) 5307 0.2-Percent 18000 585.8 601.85 602.01 0.000713 2.8 5652.3 1136.63 0.14 2.87
5 (1b+2+3) 5051 10-Percent 7990 584.3 599.01 599.12 0.000667 2.41 3244.59 652.53 0.13 2.5
5 (1b+2+3) 5051 2-Percent 11800 584.3 599.11 599.38 0.001802 3.37 3155.8 668.63 0.19 3.47
5 (1b+2+3) 5051 1-Percent 13600 584.3 599.79 600.07 0.001728 3.47 3640.33 860.74 0.19 3.53
5 (1b+2+3) 5051 0.2-Percent 18000 584.3 601.16 601.46 0.001605 3.63 4893.97 954.61 0.19 3.68
5 (1b+2+3) 4786 10-Percent 7990 582.8 598.58 598.71 0.00114 2.98 3101.18 805.87 0.16 3.45
5 (1b+2+3) 4786 2-Percent 11800 582.8 598.5 598.78 0.000951 4.66 3374.24 798.05 0.23 1
5 (1b+2+3) 4786 1-Percent 13600 582.8 599.19 599.48 0.000946 4.84 3945.76 880.52 0.23 1
5 (1b+2+3) 4786 0.2-Percent 18000 582.8 600.58 600.89 0.000942 5.2 5334.49 1041.25 0.24 1
5 (1b+2+3) 4582 10-Percent 7990 582.7 597.89 598.06 0.002151 3.36 2752.36 767.19 0.19 4.45
5 (1b+2+3) 4582 2-Percent 11800 582.7 598.02 598.34 0.001133 4.98 3317.88 790.35 0.25 1
5 (1b+2+3) 4582 1-Percent 13600 582.7 598.71 599.04 0.001132 5.19 3913.63 951.19 0.25 1
5 (1b+2+3) 4582 0.2-Percent 18000 582.7 600.09 600.45 0.001137 5.61 5367.14 1091.7 0.26 1
5 (1b+2+3) 4363 10-Percent 7990 582.5 596.56 592.68 596.94 0.003614 3.49 1842.22 757 0.22 5.39
5 (1b+2+3) 4363 2-Percent 11800 582.5 597.61 590.78 597.91 0.000987 4.69 2878.57 1019.34 0.23 1
5 (1b+2+3) 4363 1-Percent 13600 582.5 598.36 591.3 598.62 0.000868 4.6 4629.13 1189.78 0.22 1
5 (1b+2+3) 4363 0.2-Percent 18000 582.5 599.75 592.38 600.03 0.000869 4.96 6316.99 1244.97 0.23 1
5 (1b+2+3) 4182 10-Percent 7990 582.4 596.04 590.14 596.4 0.00246 4.88 1714.46 462.58 0.27 2.03
5 (1b+2+3) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
5 (1b+2+3) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.5 895.16 0.31 1
5 (1b+2+3) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4712.29 1187.29 0.3 1
5 (1b+2+3) 3997 10-Percent 7990 582.3 595.56 589.65 595.93 0.002583 4.95 1665.36 282.94 0.27 2.07
5 (1b+2+3) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
5 (1b+2+3) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001815 6.49 2326.06 800.37 0.32 1
5 (1b+2+3) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3967.34 1358.02 0.33 1
5 (1b+2+3) 3670 10-Percent 7990 582.1 595.26 595.31 0.001188 2.49 5655.1 1244.35 0.15 3.88
5 (1b+2+3) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 9: Flood Scenario 5 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

5 (1b+2+3) 3670 1-Percent 13600 582.1 597.4 597.46 0.001007 2.87 8503.65 1396.1 0.15 3.58
5 (1b+2+3) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000986 3 10644.42 1779.16 0.15 3.89
5 (1b+2+3) 2921 10-Percent 7990 576.6 593.85 594.11 0.002189 4.44 2558.9 954.88 0.23 3.09
5 (1b+2+3) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
5 (1b+2+3) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
5 (1b+2+3) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
5 (1b+2+3) 1922 10-Percent 7990 573.7 593.54 593.58 0.000196 2.09 8257.98 1344.43 0.09 1.45
5 (1b+2+3) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
5 (1b+2+3) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
5 (1b+2+3) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
5 (1b+2+3) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
5 (1b+2+3) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
5 (1b+2+3) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
5 (1b+2+3) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
5 (1b+2+3) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
5 (1b+2+3) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
5 (1b+2+3) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
5 (1b+2+3) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #6 with Ice Cover

Flood Bench Configuration: 2 + 3 + 4

Plan: UPDATE-FB-2+3+4-UNION+CLINT+UTILI-ICE
Geometry: UPDATE-FB-2+3+4-UNION+CLINT+UTILI-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 34: Flood Scenario #6 (2+3+4) with Ice Cover Profile Plot
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Table 10: Flood Scenario 6 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

6 (2+3+4) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
6 (2+3+4) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
6 (2+3+4) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
6 (2+3+4) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
6 (2+3+4) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
6 (2+3+4) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
6 (2+3+4) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
6 (2+3+4) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.99 588.7 0.59
6 (2+3+4) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
6 (2+3+4) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
6 (2+3+4) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
6 (2+3+4) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.3 582.92 0.43
6 (2+3+4) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
6 (2+3+4) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
6 (2+3+4) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.06 526.03 0.49
6 (2+3+4) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001933 9.57 3631.81 561.22 0.49
6 (2+3+4) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
6 (2+3+4) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.84 352.78 0.52
6 (2+3+4) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 8.99 2082.15 364.34 0.51
6 (2+3+4) 15751 0.2-Percent 18000 612.8 625.58 626.72 0.002028 9.55 2728.72 378.1 0.5
6 (2+3+4) 14403 10-Percent 7990 610.3 619.62 620 0.001192 5.74 2433.48 541.73 0.36
6 (2+3+4) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.56 583.34 0.33
6 (2+3+4) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.44 638.03 0.32
6 (2+3+4) 14403 0.2-Percent 18000 610.3 624.77 625.08 0.000624 5.8 5658.8 747.06 0.28
6 (2+3+4) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.79 736.39 0.31
6 (2+3+4) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.45 922.4 0.28
6 (2+3+4) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.88 947.91 0.27
6 (2+3+4) 12986 0.2-Percent 18000 608.9 624.05 624.34 0.000438 5.3 7816 999.73 0.24
6 (2+3+4) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.64 135.14 0.37
6 (2+3+4) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.94 403.2 0.42
6 (2+3+4) 12162 1-Percent 13600 604.9 620.09 621.25 0.001344 8.9 2099.93 463.56 0.42
6 (2+3+4) 12162 0.2-Percent 18000 604.9 622.63 623.71 0.001115 9.05 3575.52 731.23 0.39
6 (2+3+4) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.32 116.61 0.37
6 (2+3+4) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.81 149.68 0.42
6 (2+3+4) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.73 162.38 0.44
6 (2+3+4) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001623 10.39 1775.85 332.07 0.47
6 (2+3+4) 11860 Union Rd Bridge
6 (2+3+4) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002926 7.85 1022.56 112.37 0.45 1
6 (2+3+4) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003604 9.76 1223.19 119.72 0.52 1
6 (2+3+4) 11789 1-Percent 13600 605.5 618.61 614.75 620.34 0.003942 10.61 1302.55 123.38 0.55 1
6 (2+3+4) 11789 0.2-Percent 18000 605.5 619.93 616.38 622.35 0.004784 12.55 1465.7 153.18 0.61 1
6 (2+3+4) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.33 130.41 0.32 1
6 (2+3+4) 11675 2-Percent 11800 602.4 617.88 618.8 0.002688 7.72 1568.97 139.64 0.38 1
6 (2+3+4) 11675 1-Percent 13600 602.4 618.53 619.63 0.00298 8.46 1664.11 150.55 0.41 1
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Table 10: Flood Scenario 6 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

6 (2+3+4) 11675 0.2-Percent 18000 602.4 619.89 621.44 0.003656 10.09 1943.7 306.49 0.46 1
6 (2+3+4) 10302 10-Percent 7990 603.2 612.45 613 0.0036 6.21 1619.77 503.92 0.39 1
6 (2+3+4) 10302 2-Percent 11800 603.2 613.64 614.32 0.003899 7.21 2288.52 591.17 0.42 1
6 (2+3+4) 10302 1-Percent 13600 603.2 614.11 614.83 0.003958 7.55 2569.57 601.71 0.43 1
6 (2+3+4) 10302 0.2-Percent 18000 603.2 615.12 615.93 0.004057 8.27 3193.56 623.23 0.45 1
6 (2+3+4) 9372 10-Percent 7990 599.6 610.22 610.55 0.00192 4.96 1968.41 595.77 0.29 1
6 (2+3+4) 9372 2-Percent 11800 599.6 611.43 611.79 0.001875 5.41 2702.89 613.78 0.3 1
6 (2+3+4) 9372 1-Percent 13600 599.6 611.92 612.3 0.00185 5.58 3008.73 631.18 0.3 1
6 (2+3+4) 9372 0.2-Percent 18000 599.6 613.05 613.45 0.001735 5.84 3799.82 862.08 0.3 1
6 (2+3+4) 8312 10-Percent 7990 595.5 607.26 607.37 0.005054 0.81 3156.52 751.86 0.12 10.57
6 (2+3+4) 8312 2-Percent 11800 595.5 608.22 608.39 0.006419 0.78 3693.43 760.17 0.12 11.82
6 (2+3+4) 8312 1-Percent 13600 595.5 608.7 608.9 0.006578 0.87 4016.16 768.49 0.13 12.15
6 (2+3+4) 8312 0.2-Percent 18000 595.5 610.12 610.34 0.00573 1.21 5068.75 801 0.14 12.54
6 (2+3+4) 8145 10-Percent 7990 592.1 606.06 601.39 606.45 0.005684 5 1596.51 347.92 0.3 4.63
6 (2+3+4) 8145 2-Percent 11800 592.1 607.47 599.89 607.86 0.001739 5.01 2357.63 455.44 0.25 1.76
6 (2+3+4) 8145 1-Percent 13600 592.1 608.09 599.7 608.51 0.001072 5.22 2603.44 468.87 0.25 1
6 (2+3+4) 8145 0.2-Percent 18000 592.1 609.24 600.82 609.87 0.001414 6.38 2820.33 493.79 0.29 1
6 (2+3+4) 8049 Railroad Bridge Bridge
6 (2+3+4) 7984 10-Percent 7990 592.1 605.77 600.46 606.17 0.00183 5.07 1600.17 385.35 0.29 1
6 (2+3+4) 7984 2-Percent 11800 592.1 606.91 601.79 607.59 0.002627 6.63 1808.83 521.53 0.36 1
6 (2+3+4) 7984 1-Percent 13600 592.1 607.38 602.36 608.19 0.002986 7.31 1894.16 534.03 0.39 1
6 (2+3+4) 7984 0.2-Percent 18000 592.1 608.19 603.64 609.41 0.004025 8.97 2046.77 566.8 0.46 1
6 (2+3+4) 7758 10-Percent 7990 595 605.21 602.8 605.34 0.001489 1.89 3005.59 782.96 0.14 4.12
6 (2+3+4) 7758 2-Percent 11800 595 606.26 603.59 606.46 0.001755 1.78 3576.24 887.7 0.14 5.58
6 (2+3+4) 7758 1-Percent 13600 595 606.69 603.92 606.92 0.001867 1.7 3799.77 918.48 0.13 6.29
6 (2+3+4) 7758 0.2-Percent 18000 595 607.57 604.55 607.83 0.00184 1.51 4772.88 1153.52 0.12 7.55
6 (2+3+4) 7564 10-Percent 7990 594.9 604.62 604.73 0.001413 2.14 3101.63 771.08 0.15 3.17
6 (2+3+4) 7564 2-Percent 11800 594.9 605.6 605.76 0.001548 2.31 3861.29 902.63 0.16 3.63
6 (2+3+4) 7564 1-Percent 13600 594.9 606.02 606.19 0.00158 2.36 4216.54 949.83 0.16 3.83
6 (2+3+4) 7564 0.2-Percent 18000 594.9 606.88 607.09 0.001641 2.5 5080.98 1220.47 0.16 4.18
6 (2+3+4) 7340 10-Percent 7990 594.8 604.05 604.15 0.001386 2.03 3296.18 998.24 0.15 3
6 (2+3+4) 7340 2-Percent 11800 594.8 605.03 605.15 0.001369 2.21 4295.66 1071.75 0.15 3.19
6 (2+3+4) 7340 1-Percent 13600 594.8 605.44 605.58 0.001334 2.28 4741.93 1087.49 0.15 3.24
6 (2+3+4) 7340 0.2-Percent 18000 594.8 606.31 606.47 0.00132 2.43 5730.26 1361.64 0.16 3.38
6 (2+3+4) 7151 10-Percent 7990 594.7 603.39 603.49 0.001538 1.84 3309.61 990.7 0.15 3.1
6 (2+3+4) 7151 2-Percent 11800 594.7 604.39 604.51 0.001447 2.04 4338.09 1124.58 0.15 3.19
6 (2+3+4) 7151 1-Percent 13600 594.7 604.84 604.97 0.001355 2.12 4875.72 1253.54 0.15 3.17
6 (2+3+4) 7151 0.2-Percent 18000 594.7 605.76 605.89 0.001201 2.28 6400.81 1963.41 0.15 3.07
6 (2+3+4) 6890 10-Percent 7990 593 602.77 600.02 602.85 0.000988 1.46 3913.8 2109.53 0.12 3.22
6 (2+3+4) 6890 2-Percent 11800 593 603.83 600.44 603.92 0.000885 1.62 5154.88 2175.21 0.12 3.23
6 (2+3+4) 6890 1-Percent 13600 593 604.32 600.62 604.42 0.00082 1.69 5747.41 2226.76 0.12 3.19
6 (2+3+4) 6890 0.2-Percent 18000 593 605.44 600.97 605.48 0.000503 1.62 11265.95 2341.95 0.1 2.83
6 (2+3+4) 6631 10-Percent 7990 592 602.09 599.33 602.19 0.001339 1.66 3305.29 858.83 0.13 3.32
6 (2+3+4) 6631 2-Percent 11800 592 603.18 599.83 603.31 0.00129 1.91 4233.21 866.43 0.14 3.38
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Table 10: Flood Scenario 6 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

6 (2+3+4) 6631 1-Percent 13600 592 603.71 600.02 603.85 0.001208 2.01 4700.21 868.64 0.14 3.34
6 (2+3+4) 6631 0.2-Percent 18000 592 604.91 600.41 605.07 0.001045 2.26 5812.83 986.82 0.14 3.09
6 (2+3+4) 6324 10-Percent 7990 590.5 601.3 598.08 601.4 0.001236 1.92 3215.23 670.63 0.14 3.5
6 (2+3+4) 6324 2-Percent 11800 590.5 602.28 598.68 602.45 0.00152 2.21 3798.61 673.88 0.15 3.94
6 (2+3+4) 6324 1-Percent 13600 590.5 602.86 598.88 603.04 0.001442 2.32 4189.84 676.23 0.15 3.92
6 (2+3+4) 6324 0.2-Percent 18000 590.5 604.14 599.4 604.35 0.001301 2.53 5175.72 835.42 0.15 3.91
6 (2+3+4) 6015 10-Percent 7990 588.7 600.47 600.59 0.001039 2.13 2985.25 536.42 0.14 2.84
6 (2+3+4) 6015 2-Percent 11800 588.7 600.96 601.21 0.001967 2.59 3126.08 539.72 0.18 3.75
6 (2+3+4) 6015 1-Percent 13600 588.7 601.6 601.87 0.001828 2.7 3477.05 544.1 0.17 3.74
6 (2+3+4) 6015 0.2-Percent 18000 588.7 602.97 603.28 0.001689 2.95 4258.62 715.22 0.18 3.83
6 (2+3+4) 5607 10-Percent 7990 587.3 600.15 594.17 600.21 0.000303 1.8 4128.8 546.2 0.1 1.67
6 (2+3+4) 5607 2-Percent 11800 587.3 600.24 595.12 600.38 0.000729 2.32 4075.45 548.18 0.13 2.63
6 (2+3+4) 5607 1-Percent 13600 587.3 600.9 595.38 601.05 0.00074 2.45 4439.49 573.77 0.14 2.67
6 (2+3+4) 5607 0.2-Percent 18000 587.3 602.27 596 602.46 0.000778 2.72 5217.2 972.57 0.14 2.81
6 (2+3+4) 5307 10-Percent 7990 585.8 600.01 600.06 0.000232 1.76 4507.28 575.81 0.09 1.66
6 (2+3+4) 5307 2-Percent 11800 585.8 599.88 600 0.000626 2.44 4320.93 573.49 0.13 2.47
6 (2+3+4) 5307 1-Percent 13600 585.8 600.53 600.66 0.000648 2.57 4687.92 587.54 0.13 2.56
6 (2+3+4) 5307 0.2-Percent 18000 585.8 601.89 602.05 0.000688 2.83 5723.75 1168.93 0.14 2.72
6 (2+3+4) 5051 10-Percent 7990 584.3 599.68 599.81 0.001248 3.15 2947.68 766.44 0.17 3.06
6 (2+3+4) 5051 2-Percent 11800 584.3 599.21 599.54 0.001187 4.87 2949.37 664.88 0.25 1
6 (2+3+4) 5051 1-Percent 13600 584.3 599.85 600.2 0.001188 5.08 3421.59 872.11 0.25 1
6 (2+3+4) 5051 0.2-Percent 18000 584.3 601.21 601.57 0.001159 5.44 4655.39 935.59 0.26 1
6 (2+3+4) 4786 10-Percent 7990 582.8 599.01 599.13 0.001702 3.2 3041.99 845.08 0.18 4.56
6 (2+3+4) 4786 2-Percent 11800 582.8 598.68 599.01 0.001074 5 3254.57 817.09 0.24 1
6 (2+3+4) 4786 1-Percent 13600 582.8 599.33 599.67 0.001074 5.19 3806.97 913.8 0.25 1
6 (2+3+4) 4786 0.2-Percent 18000 582.8 600.7 601.05 0.001047 5.52 5198.36 1042.57 0.25 1
6 (2+3+4) 4582 10-Percent 7990 582.7 597.88 598.08 0.00399 4.04 2406.54 751.32 0.24 5.27
6 (2+3+4) 4582 2-Percent 11800 582.7 598.14 598.51 0.001268 5.31 3182.46 816.12 0.26 1
6 (2+3+4) 4582 1-Percent 13600 582.7 598.78 599.17 0.001283 5.55 3751.86 977.87 0.27 1
6 (2+3+4) 4582 0.2-Percent 18000 582.7 600.15 600.56 0.001276 5.97 5198.81 1093.15 0.27 1
6 (2+3+4) 4363 10-Percent 7990 582.5 596.49 590.48 596.82 0.002462 4.75 1790.51 742.9 0.26 2.34
6 (2+3+4) 4363 2-Percent 11800 582.5 597.48 590.61 597.95 0.001487 5.72 2365.98 945.93 0.28 1
6 (2+3+4) 4363 1-Percent 13600 582.5 598.28 591.23 598.66 0.001234 5.46 4087.63 1174.9 0.26 1
6 (2+3+4) 4363 0.2-Percent 18000 582.5 599.68 592.56 600.06 0.001166 5.73 5787.43 1242.03 0.26 1
6 (2+3+4) 4182 10-Percent 7990 582.4 596.03 590.04 596.39 0.002329 4.85 1726.56 461.73 0.27 1.93
6 (2+3+4) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
6 (2+3+4) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.5 895.16 0.31 1
6 (2+3+4) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4713 1187.31 0.3 1
6 (2+3+4) 3997 10-Percent 7990 582.3 595.56 589.65 595.93 0.002585 4.95 1664.97 282.91 0.27 2.07
6 (2+3+4) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
6 (2+3+4) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001815 6.49 2326.06 800.37 0.32 1
6 (2+3+4) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3968.22 1358.12 0.33 1
6 (2+3+4) 3670 10-Percent 7990 582.1 595.26 595.31 0.001186 2.49 5655.56 1244.31 0.15 3.87
6 (2+3+4) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 10: Flood Scenario 6 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

6 (2+3+4) 3670 1-Percent 13600 582.1 597.4 597.46 0.001007 2.87 8503.65 1396.1 0.15 3.58
6 (2+3+4) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000987 3 10643.85 1779.37 0.15 3.9
6 (2+3+4) 2921 10-Percent 7990 576.6 593.85 594.11 0.002187 4.44 2559.96 955.18 0.23 3.09
6 (2+3+4) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
6 (2+3+4) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
6 (2+3+4) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
6 (2+3+4) 1922 10-Percent 7990 573.7 593.54 593.58 0.000197 2.08 8257.55 1344.43 0.09 1.46
6 (2+3+4) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
6 (2+3+4) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
6 (2+3+4) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
6 (2+3+4) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
6 (2+3+4) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
6 (2+3+4) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
6 (2+3+4) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
6 (2+3+4) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
6 (2+3+4) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
6 (2+3+4) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
6 (2+3+4) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #7 with Ice Cover

Flood Bench Configuration: 1b + 2 + 3 + 4

Plan: UPDATE-FB-1b+2+3+4-SCH+UNION+CLINT+UTILI-ICE
Geometry: UPDATE-FB-1b+2+3+4-SCH+UNION+CLINT+UTILI-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 35: Flood Scenario #7 (1b+2+3+4) with Ice Cover Profile Plot
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Table 11: Flood Scenario 7 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

7 (1b+2+3+4) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
7 (1b+2+3+4) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
7 (1b+2+3+4) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
7 (1b+2+3+4) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
7 (1b+2+3+4) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
7 (1b+2+3+4) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
7 (1b+2+3+4) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
7 (1b+2+3+4) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.99 588.7 0.59
7 (1b+2+3+4) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
7 (1b+2+3+4) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
7 (1b+2+3+4) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
7 (1b+2+3+4) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.3 582.92 0.43
7 (1b+2+3+4) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
7 (1b+2+3+4) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
7 (1b+2+3+4) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.06 526.03 0.49
7 (1b+2+3+4) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001933 9.57 3631.81 561.22 0.49
7 (1b+2+3+4) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
7 (1b+2+3+4) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.84 352.78 0.52
7 (1b+2+3+4) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 8.99 2082.15 364.34 0.51
7 (1b+2+3+4) 15751 0.2-Percent 18000 612.8 625.58 626.72 0.002028 9.55 2728.72 378.1 0.5
7 (1b+2+3+4) 14403 10-Percent 7990 610.3 619.62 620 0.001192 5.74 2433.48 541.73 0.36
7 (1b+2+3+4) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.56 583.34 0.33
7 (1b+2+3+4) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.44 638.03 0.32
7 (1b+2+3+4) 14403 0.2-Percent 18000 610.3 624.77 625.08 0.000624 5.8 5658.8 747.06 0.28
7 (1b+2+3+4) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.79 736.39 0.31
7 (1b+2+3+4) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.45 922.4 0.28
7 (1b+2+3+4) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.88 947.91 0.27
7 (1b+2+3+4) 12986 0.2-Percent 18000 608.9 624.05 624.34 0.000438 5.3 7816 999.73 0.24
7 (1b+2+3+4) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.64 135.14 0.37
7 (1b+2+3+4) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.94 403.2 0.42
7 (1b+2+3+4) 12162 1-Percent 13600 604.9 620.09 621.25 0.001344 8.9 2099.93 463.56 0.42
7 (1b+2+3+4) 12162 0.2-Percent 18000 604.9 622.63 623.71 0.001115 9.05 3575.52 731.23 0.39
7 (1b+2+3+4) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.32 116.61 0.37
7 (1b+2+3+4) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.81 149.68 0.42
7 (1b+2+3+4) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.73 162.38 0.44
7 (1b+2+3+4) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001623 10.39 1775.85 332.07 0.47
7 (1b+2+3+4) 11860 Union Rd Bridge
7 (1b+2+3+4) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002926 7.85 1022.56 112.37 0.45 1
7 (1b+2+3+4) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003604 9.76 1223.19 119.72 0.52 1
7 (1b+2+3+4) 11789 1-Percent 13600 605.5 618.61 614.75 620.34 0.003942 10.61 1302.55 123.38 0.55 1
7 (1b+2+3+4) 11789 0.2-Percent 18000 605.5 619.93 616.38 622.35 0.004784 12.55 1465.7 153.18 0.61 1
7 (1b+2+3+4) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.33 130.41 0.32 1
7 (1b+2+3+4) 11675 2-Percent 11800 602.4 617.88 618.8 0.002688 7.72 1568.97 139.64 0.38 1
7 (1b+2+3+4) 11675 1-Percent 13600 602.4 618.53 619.63 0.00298 8.46 1664.11 150.55 0.41 1
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Table 11: Flood Scenario 7 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

7 (1b+2+3+4) 11675 0.2-Percent 18000 602.4 619.89 621.44 0.003656 10.09 1943.7 306.49 0.46 1
7 (1b+2+3+4) 10302 10-Percent 7990 603.2 612.45 613 0.0036 6.21 1619.77 503.92 0.39 1
7 (1b+2+3+4) 10302 2-Percent 11800 603.2 613.64 614.32 0.003899 7.21 2288.52 591.17 0.42 1
7 (1b+2+3+4) 10302 1-Percent 13600 603.2 614.11 614.83 0.003958 7.55 2569.53 601.71 0.43 1
7 (1b+2+3+4) 10302 0.2-Percent 18000 603.2 615.12 615.93 0.004057 8.27 3193.56 623.23 0.45 1
7 (1b+2+3+4) 9372 10-Percent 7990 599.6 610.22 610.55 0.00192 4.96 1968.37 595.77 0.29 1
7 (1b+2+3+4) 9372 2-Percent 11800 599.6 611.43 611.79 0.001875 5.41 2702.93 613.78 0.3 1
7 (1b+2+3+4) 9372 1-Percent 13600 599.6 611.92 612.3 0.00185 5.58 3008.69 631.17 0.3 1
7 (1b+2+3+4) 9372 0.2-Percent 18000 599.6 613.05 613.45 0.001735 5.84 3799.87 862.17 0.3 1
7 (1b+2+3+4) 8312 10-Percent 7990 595.5 607.26 607.37 0.005055 0.81 3156.19 751.86 0.12 10.57
7 (1b+2+3+4) 8312 2-Percent 11800 595.5 608.22 608.39 0.006419 0.78 3693.34 760.17 0.12 11.82
7 (1b+2+3+4) 8312 1-Percent 13600 595.5 608.7 608.9 0.006578 0.87 4016.07 768.49 0.13 12.15
7 (1b+2+3+4) 8312 0.2-Percent 18000 595.5 610.12 610.34 0.00573 1.21 5068.85 801.01 0.14 12.54
7 (1b+2+3+4) 8145 10-Percent 7990 592.1 606.06 601.39 606.45 0.005683 5 1596.52 347.91 0.3 4.63
7 (1b+2+3+4) 8145 2-Percent 11800 592.1 607.47 599.89 607.86 0.001738 5 2357.67 455.43 0.25 1.76
7 (1b+2+3+4) 8145 1-Percent 13600 592.1 608.09 599.7 608.51 0.001072 5.22 2603.42 468.87 0.25 1
7 (1b+2+3+4) 8145 0.2-Percent 18000 592.1 609.24 600.82 609.87 0.001414 6.38 2820.32 493.79 0.29 1
7 (1b+2+3+4) 8049 Railroad Bridge Bridge
7 (1b+2+3+4) 7984 10-Percent 7990 592.1 605.77 600.46 606.16 0.00183 5.07 1600.08 385.29 0.29 1
7 (1b+2+3+4) 7984 2-Percent 11800 592.1 606.91 601.79 607.59 0.002627 6.63 1808.82 521.53 0.36 1
7 (1b+2+3+4) 7984 1-Percent 13600 592.1 607.37 602.36 608.19 0.002986 7.31 1894.14 534.03 0.39 1
7 (1b+2+3+4) 7984 0.2-Percent 18000 592.1 608.19 603.64 609.41 0.004025 8.97 2046.75 566.8 0.46 1
7 (1b+2+3+4) 7758 10-Percent 7990 595 605.21 602.81 605.34 0.00149 1.89 3004.72 782.81 0.14 4.12
7 (1b+2+3+4) 7758 2-Percent 11800 595 606.26 603.59 606.46 0.001756 1.78 3576.05 887.7 0.14 5.58
7 (1b+2+3+4) 7758 1-Percent 13600 595 606.69 603.91 606.92 0.001867 1.7 3799.64 918.47 0.13 6.29
7 (1b+2+3+4) 7758 0.2-Percent 18000 595 607.57 604.55 607.83 0.00184 1.51 4772.3 1153.37 0.12 7.56
7 (1b+2+3+4) 7564 10-Percent 7990 594.9 604.62 604.72 0.001419 2.14 3098.17 770.84 0.15 3.17
7 (1b+2+3+4) 7564 2-Percent 11800 594.9 605.6 605.76 0.001548 2.31 3860.89 902.54 0.16 3.63
7 (1b+2+3+4) 7564 1-Percent 13600 594.9 606.02 606.19 0.001581 2.36 4216.24 949.79 0.16 3.83
7 (1b+2+3+4) 7564 0.2-Percent 18000 594.9 606.88 607.09 0.001642 2.5 5079.85 1220.21 0.16 4.18
7 (1b+2+3+4) 7340 10-Percent 7990 594.8 604.04 604.14 0.001397 2.03 3288.18 997.54 0.15 3.01
7 (1b+2+3+4) 7340 2-Percent 11800 594.8 605.03 605.15 0.00137 2.21 4294.68 1071.7 0.15 3.19
7 (1b+2+3+4) 7340 1-Percent 13600 594.8 605.44 605.58 0.001335 2.28 4741.35 1087.47 0.15 3.24
7 (1b+2+3+4) 7340 0.2-Percent 18000 594.8 606.31 606.47 0.001321 2.43 5728.14 1361.18 0.16 3.38
7 (1b+2+3+4) 7151 10-Percent 7990 594.7 603.37 603.47 0.001567 1.84 3290.74 990 0.15 3.11
7 (1b+2+3+4) 7151 2-Percent 11800 594.7 604.38 604.51 0.001447 2.04 4337.31 1124.52 0.15 3.19
7 (1b+2+3+4) 7151 1-Percent 13600 594.7 604.84 604.97 0.001357 2.12 4874.46 1253.22 0.15 3.17
7 (1b+2+3+4) 7151 0.2-Percent 18000 594.7 605.76 605.89 0.001204 2.28 6395.38 1962.9 0.15 3.08
7 (1b+2+3+4) 6890 10-Percent 7990 593 602.74 600.03 602.81 0.001026 1.47 3867.97 2105.8 0.12 3.24
7 (1b+2+3+4) 6890 2-Percent 11800 593 603.83 600.45 603.92 0.000887 1.62 5152.66 2175.03 0.12 3.23
7 (1b+2+3+4) 6890 1-Percent 13600 593 604.32 600.62 604.42 0.000821 1.69 5745 2226.68 0.12 3.19
7 (1b+2+3+4) 6890 0.2-Percent 18000 593 605.44 600.96 605.48 0.000505 1.62 11256.27 2341.79 0.1 2.84
7 (1b+2+3+4) 6631 10-Percent 7990 592 602.02 599.34 602.13 0.001433 1.69 3237.53 857.65 0.14 3.35
7 (1b+2+3+4) 6631 2-Percent 11800 592 603.17 599.84 603.31 0.001293 1.91 4229.69 866.42 0.14 3.38
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Table 11: Flood Scenario 7 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

7 (1b+2+3+4) 6631 1-Percent 13600 592 603.71 600.03 603.85 0.00121 2.01 4697.71 868.63 0.14 3.34
7 (1b+2+3+4) 6631 0.2-Percent 18000 592 604.9 600.41 605.06 0.00105 2.26 5805.11 985.54 0.14 3.1
7 (1b+2+3+4) 6324 10-Percent 7990 590.5 601.1 598.13 601.22 0.001501 1.95 3042.26 669.99 0.14 3.74
7 (1b+2+3+4) 6324 2-Percent 11800 590.5 602.27 598.68 602.44 0.00153 2.21 3791.27 673.85 0.15 3.95
7 (1b+2+3+4) 6324 1-Percent 13600 590.5 602.85 598.91 603.03 0.001453 2.32 4180.66 676.2 0.15 3.94
7 (1b+2+3+4) 6324 0.2-Percent 18000 590.5 604.13 599.4 604.34 0.001309 2.53 5165.85 835.25 0.15 3.92
7 (1b+2+3+4) 6015 10-Percent 7990 588.7 599.95 600.11 0.00159 2.22 2641.85 532.92 0.16 3.34
7 (1b+2+3+4) 6015 2-Percent 11800 588.7 600.93 601.18 0.002015 2.58 3103.5 539.52 0.18 3.8
7 (1b+2+3+4) 6015 1-Percent 13600 588.7 601.58 601.85 0.001861 2.69 3458.37 543.93 0.18 3.79
7 (1b+2+3+4) 6015 0.2-Percent 18000 588.7 602.95 603.26 0.00171 2.95 4240.38 710.65 0.18 3.85
7 (1b+2+3+4) 5607 10-Percent 7990 587.3 599.49 594.29 599.56 0.000429 1.86 3731.62 527.81 0.11 2.04
7 (1b+2+3+4) 5607 2-Percent 11800 587.3 600.19 595.13 600.33 0.000749 2.32 4043.04 547.08 0.13 2.67
7 (1b+2+3+4) 5607 1-Percent 13600 587.3 600.86 595.39 601.02 0.000755 2.45 4413.35 571.55 0.14 2.71
7 (1b+2+3+4) 5607 0.2-Percent 18000 587.3 602.24 596 602.44 0.00079 2.72 5195.32 963.51 0.14 2.85
7 (1b+2+3+4) 5307 10-Percent 7990 585.8 599.29 599.35 0.000321 1.91 4081.23 560.25 0.1 1.78
7 (1b+2+3+4) 5307 2-Percent 11800 585.8 599.81 599.93 0.000663 2.43 4259.11 572.3 0.13 2.64
7 (1b+2+3+4) 5307 1-Percent 13600 585.8 600.48 600.62 0.000677 2.55 4636.86 587.03 0.13 2.71
7 (1b+2+3+4) 5307 0.2-Percent 18000 585.8 601.85 602.01 0.000713 2.8 5653.11 1137.24 0.14 2.87
7 (1b+2+3+4) 5051 10-Percent 7990 584.3 599 599.11 0.000681 2.4 3230.34 651.68 0.13 2.56
7 (1b+2+3+4) 5051 2-Percent 11800 584.3 599.11 599.38 0.001801 3.37 3156.02 668.63 0.19 3.47
7 (1b+2+3+4) 5051 1-Percent 13600 584.3 599.79 600.07 0.001727 3.47 3640.5 860.74 0.19 3.53
7 (1b+2+3+4) 5051 0.2-Percent 18000 584.3 601.16 601.46 0.001608 3.63 4892.46 954.68 0.19 3.69
7 (1b+2+3+4) 4786 10-Percent 7990 582.8 598.56 598.7 0.001172 2.99 3077.36 804.38 0.16 3.51
7 (1b+2+3+4) 4786 2-Percent 11800 582.8 598.5 598.78 0.000951 4.66 3374.24 798.05 0.23 1
7 (1b+2+3+4) 4786 1-Percent 13600 582.8 599.19 599.48 0.000946 4.84 3945.76 880.52 0.23 1
7 (1b+2+3+4) 4786 0.2-Percent 18000 582.8 600.58 600.89 0.000942 5.2 5334.81 1041.26 0.24 1
7 (1b+2+3+4) 4582 10-Percent 7990 582.7 597.85 598.03 0.002198 3.39 2724.71 765.01 0.2 4.44
7 (1b+2+3+4) 4582 2-Percent 11800 582.7 598.02 598.34 0.001133 4.98 3317.88 790.35 0.25 1
7 (1b+2+3+4) 4582 1-Percent 13600 582.7 598.71 599.04 0.001132 5.19 3913.63 951.19 0.25 1
7 (1b+2+3+4) 4582 0.2-Percent 18000 582.7 600.09 600.45 0.001137 5.61 5367.67 1091.71 0.26 1
7 (1b+2+3+4) 4363 10-Percent 7990 582.5 596.51 592.68 596.89 0.003643 3.53 1834.37 746.56 0.22 5.32
7 (1b+2+3+4) 4363 2-Percent 11800 582.5 597.61 590.78 597.91 0.000987 4.69 2878.57 1019.34 0.23 1
7 (1b+2+3+4) 4363 1-Percent 13600 582.5 598.36 591.3 598.62 0.000868 4.6 4629.13 1189.78 0.22 1
7 (1b+2+3+4) 4363 0.2-Percent 18000 582.5 599.75 592.39 600.03 0.000868 4.96 6317.67 1245 0.23 1
7 (1b+2+3+4) 4182 10-Percent 7990 582.4 596 590.03 596.36 0.002358 4.87 1718.14 457.62 0.27 1.93
7 (1b+2+3+4) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
7 (1b+2+3+4) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.5 895.16 0.31 1
7 (1b+2+3+4) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.8 0.001504 6.4 4713 1187.31 0.3 1
7 (1b+2+3+4) 3997 10-Percent 7990 582.3 595.54 589.59 595.91 0.002506 4.94 1669.43 282.39 0.27 2
7 (1b+2+3+4) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
7 (1b+2+3+4) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001815 6.49 2326.06 800.37 0.32 1
7 (1b+2+3+4) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001923 7.2 3968.22 1358.12 0.33 1
7 (1b+2+3+4) 3670 10-Percent 7990 582.1 595.25 595.3 0.00117 2.51 5653 1243.67 0.15 3.77
7 (1b+2+3+4) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 11: Flood Scenario 7 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

7 (1b+2+3+4) 3670 1-Percent 13600 582.1 597.4 597.46 0.001007 2.87 8503.65 1396.1 0.15 3.58
7 (1b+2+3+4) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000987 3 10643.85 1779.37 0.15 3.9
7 (1b+2+3+4) 2921 10-Percent 7990 576.6 593.85 594.11 0.002182 4.44 2559.64 954.79 0.23 3.08
7 (1b+2+3+4) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
7 (1b+2+3+4) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
7 (1b+2+3+4) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
7 (1b+2+3+4) 1922 10-Percent 7990 573.7 593.54 593.58 0.000196 2.09 8257.98 1344.43 0.09 1.45
7 (1b+2+3+4) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
7 (1b+2+3+4) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
7 (1b+2+3+4) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
7 (1b+2+3+4) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
7 (1b+2+3+4) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
7 (1b+2+3+4) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
7 (1b+2+3+4) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
7 (1b+2+3+4) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
7 (1b+2+3+4) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
7 (1b+2+3+4) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
7 (1b+2+3+4) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1

ATTACHMENT F/ 143



Flood Scenario #8 with Ice Cover

Flood Bench Configuration: 5 + 6

Plan: UPDATE-FB-5+6-UTILITY-UP+DOWN-LEFT-ICE
Geometry: UPDATE-FB-5+6-UTILITY-UP+DOWN-LEFT-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 36: Flood Scenario #8 (5+6) with Ice Cover Profile Plot
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Table 12: Flood Scenario 8 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

8 (5+6) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
8 (5+6) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
8 (5+6) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
8 (5+6) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
8 (5+6) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
8 (5+6) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
8 (5+6) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.27 441.9 0.59
8 (5+6) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.95 588.69 0.59
8 (5+6) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
8 (5+6) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
8 (5+6) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.65 525.82 0.44
8 (5+6) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.23 582.92 0.43
8 (5+6) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
8 (5+6) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
8 (5+6) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.03 526.03 0.49
8 (5+6) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001934 9.57 3631.61 561.2 0.49
8 (5+6) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
8 (5+6) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.82 352.78 0.52
8 (5+6) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 9 2082.04 364.34 0.51
8 (5+6) 15751 0.2-Percent 18000 612.8 625.57 626.72 0.00203 9.55 2727.98 378.09 0.5
8 (5+6) 14403 10-Percent 7990 610.3 619.62 620 0.001191 5.74 2433.54 541.73 0.36
8 (5+6) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.49 583.34 0.33
8 (5+6) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.09 638.01 0.32
8 (5+6) 14403 0.2-Percent 18000 610.3 624.76 625.08 0.000624 5.8 5656.48 746.87 0.28
8 (5+6) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.97 736.48 0.31
8 (5+6) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.22 922.39 0.28
8 (5+6) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.13 947.9 0.27
8 (5+6) 12986 0.2-Percent 18000 608.9 624.04 624.33 0.000438 5.3 7812.1 999.62 0.24
8 (5+6) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.69 135.15 0.37
8 (5+6) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.79 403.06 0.42
8 (5+6) 12162 1-Percent 13600 604.9 620.09 621.25 0.001345 8.91 2099.31 463.55 0.42
8 (5+6) 12162 0.2-Percent 18000 604.9 622.62 623.71 0.001117 9.06 3570.84 730.2 0.39
8 (5+6) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.36 116.61 0.37
8 (5+6) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.75 149.67 0.42
8 (5+6) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.56 162.36 0.44
8 (5+6) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001625 10.4 1775.05 330.92 0.47
8 (5+6) 11860 Union Rd Bridge
8 (5+6) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002925 7.85 1022.6 112.37 0.45 1
8 (5+6) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003605 9.76 1223.12 119.72 0.52 1
8 (5+6) 11789 1-Percent 13600 605.5 618.6 614.75 620.34 0.003944 10.61 1302.35 123.37 0.55 1
8 (5+6) 11789 0.2-Percent 18000 605.5 619.92 616.38 622.35 0.004796 12.56 1464.55 152.58 0.61 1
8 (5+6) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.39 130.41 0.32 1
8 (5+6) 11675 2-Percent 11800 602.4 617.88 618.79 0.002689 7.72 1568.9 139.64 0.38 1
8 (5+6) 11675 1-Percent 13600 602.4 618.53 619.63 0.002982 8.46 1663.85 150.51 0.41 1
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Table 12: Flood Scenario 8 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

8 (5+6) 11675 0.2-Percent 18000 602.4 619.88 621.43 0.003666 10.1 1940.6 306.07 0.46 1
8 (5+6) 10302 10-Percent 7990 603.2 612.45 613 0.003613 6.22 1616.88 503.71 0.39 1
8 (5+6) 10302 2-Percent 11800 603.2 613.64 614.32 0.003897 7.21 2289.06 591.18 0.42 1
8 (5+6) 10302 1-Percent 13600 603.2 614.12 614.83 0.003947 7.55 2572.51 601.91 0.43 1
8 (5+6) 10302 0.2-Percent 18000 603.2 615.15 615.95 0.003999 8.23 3211.26 623.52 0.44 1
8 (5+6) 9372 10-Percent 7990 599.6 610.32 610.63 0.001792 4.83 2027.94 598.16 0.28 1
8 (5+6) 9372 2-Percent 11800 599.6 611.55 611.9 0.001737 5.26 2779.32 616.31 0.29 1
8 (5+6) 9372 1-Percent 13600 599.6 612.06 612.41 0.001714 5.42 3092.11 640.46 0.29 1
8 (5+6) 9372 0.2-Percent 18000 599.6 613.28 613.64 0.001546 5.6 4005.58 964.84 0.29 1
8 (5+6) 8312 10-Percent 7990 595.5 608.59 608.64 0.001823 1.32 4572.48 805.09 0.11 8.31
8 (5+6) 8312 2-Percent 11800 595.5 609.23 609.33 0.003345 1.38 4759.71 805.48 0.13 10.15
8 (5+6) 8312 1-Percent 13600 595.5 609.63 609.76 0.003743 1.43 5001.93 811.23 0.14 10.61
8 (5+6) 8312 0.2-Percent 18000 595.5 611.11 611.25 0.003345 1.72 6196.75 833.18 0.14 10.73
8 (5+6) 8145 10-Percent 7990 592.1 607.68 602.98 608.07 0.006948 5 1597.42 459.93 0.3 6.4
8 (5+6) 8145 2-Percent 11800 592.1 608.47 600.89 608.85 0.002228 5 2358.42 477.6 0.25 2.84
8 (5+6) 8145 1-Percent 13600 592.1 609.02 600 609.41 0.001168 5 2717.85 489 0.23 1.35
8 (5+6) 8145 0.2-Percent 18000 592.1 610.37 600.82 610.92 0.001093 5.94 3032.36 511.03 0.26 1
8 (5+6) 8049 Railroad Bridge Bridge
8 (5+6) 7984 10-Percent 7990 592.1 607.42 602.06 607.79 0.003266 4.87 1643.53 535.35 0.28 2.73
8 (5+6) 7984 2-Percent 11800 592.1 608.09 601.79 608.62 0.001786 5.94 2027.46 565.94 0.3 1
8 (5+6) 7984 1-Percent 13600 592.1 608.49 602.37 609.15 0.002095 6.6 2103.02 572.55 0.33 1
8 (5+6) 7984 0.2-Percent 18000 592.1 609.4 603.63 610.39 0.002803 8.07 2275.15 599.17 0.39 1
8 (5+6) 7758 10-Percent 7990 595 606.69 603.12 606.81 0.00138 2.28 3085.09 978.74 0.15 3.95
8 (5+6) 7758 2-Percent 11800 595 607.57 604.75 607.73 0.001577 2.32 4018.38 1152.69 0.15 4.8
8 (5+6) 7758 1-Percent 13600 595 607.95 605.52 608.13 0.00164 2.23 4416.87 1309.28 0.15 5.43
8 (5+6) 7758 0.2-Percent 18000 595 608.99 606.34 609.18 0.001405 1.96 5647.38 1316.01 0.13 6.51
8 (5+6) 7564 10-Percent 7990 594.9 606.22 606.32 0.000999 2.24 3452.37 983.92 0.14 3.03
8 (5+6) 7564 2-Percent 11800 594.9 607.01 607.14 0.001235 2.54 4275.8 1266.4 0.15 3.36
8 (5+6) 7564 1-Percent 13600 594.9 607.38 607.52 0.001277 2.59 4752.69 1493.01 0.16 3.55
8 (5+6) 7564 0.2-Percent 18000 594.9 608.5 608.64 0.001131 2.63 6610.45 1770.01 0.15 3.71
8 (5+6) 7340 10-Percent 7990 594.8 605.87 605.96 0.000751 2.06 3761 1121.95 0.13 2.56
8 (5+6) 7340 2-Percent 11800 594.8 606.53 606.66 0.001089 2.34 4525.96 1410.51 0.15 3.19
8 (5+6) 7340 1-Percent 13600 594.8 606.89 607.03 0.001117 2.43 5044.8 1595.48 0.15 3.26
8 (5+6) 7340 0.2-Percent 18000 594.8 608.13 608.24 0.000818 2.44 7330.45 1925.71 0.14 2.99
8 (5+6) 7151 10-Percent 7990 594.7 605.45 605.54 0.001145 2.46 3859.95 1803.53 0.16 2.43
8 (5+6) 7151 2-Percent 11800 594.7 605.78 605.96 0.00238 2.93 4297.85 1966.93 0.2 3.55
8 (5+6) 7151 1-Percent 13600 594.7 606.2 606.36 0.002011 2.86 5157.65 2067.54 0.19 3.48
8 (5+6) 7151 0.2-Percent 18000 594.7 607.78 607.87 0.000806 2.41 8922.68 2522.8 0.14 2.79
8 (5+6) 6890 10-Percent 7990 593 605.22 600.46 605.25 0.000303 1.35 9226.05 2330.43 0.08 2.38
8 (5+6) 6890 2-Percent 11800 593 605.18 601.89 605.24 0.000824 1.7 8902.17 2327.34 0.11 3.71
8 (5+6) 6890 1-Percent 13600 593 605.67 602.14 605.73 0.000758 1.78 10065.08 2352.61 0.11 3.53
8 (5+6) 6890 0.2-Percent 18000 593 607.51 602.48 607.56 0.000427 1.78 14556.13 2402.24 0.1 2.93
8 (5+6) 6631 10-Percent 7990 592 604.74 600.7 604.89 0.001739 2.56 2812.03 865.2 0.17 3.7
8 (5+6) 6631 2-Percent 11800 592 604.19 599.84 604.54 0.001861 4.94 2557.61 636.46 0.29 1
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Table 12: Flood Scenario 8 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

8 (5+6) 6631 1-Percent 13600 592 604.81 600.23 605.11 0.001555 4.75 3385.36 891.8 0.27 1
8 (5+6) 6631 0.2-Percent 18000 592 606.84 603.31 607.08 0.002067 3.34 5207 1474.77 0.2 3.92
8 (5+6) 6324 10-Percent 7990 590.5 602.93 600.44 603.32 0.003961 2.8 1936.38 622.27 0.21 5.66
8 (5+6) 6324 2-Percent 11800 590.5 603.35 597.94 603.62 0.001179 4.38 2915.42 772.7 0.24 1
8 (5+6) 6324 1-Percent 13600 590.5 603.95 598.34 604.25 0.00124 4.69 3156.45 875.07 0.25 1
8 (5+6) 6324 0.2-Percent 18000 590.5 605.49 602.21 605.76 0.002217 2.99 4817.73 1548.42 0.18 5.39
8 (5+6) 6015 10-Percent 7990 588.7 601.09 601.31 0.001995 2.14 2411.39 571.9 0.16 4.85
8 (5+6) 6015 2-Percent 11800 588.7 601.95 602.34 0.002931 2.32 2765.54 608.13 0.17 6.05
8 (5+6) 6015 1-Percent 13600 588.7 602.58 602.98 0.002708 2.36 3126.38 636.41 0.17 6.25
8 (5+6) 6015 0.2-Percent 18000 588.7 603.92 604.25 0.001979 2.93 4453.01 1082.99 0.18 4.95
8 (5+6) 5607 10-Percent 7990 587.3 600.49 594.51 600.59 0.000572 2.09 3404.25 516.89 0.12 2.63
8 (5+6) 5607 2-Percent 11800 587.3 600.77 595.8 601.01 0.001234 2.74 3465.89 519.34 0.16 3.43
8 (5+6) 5607 1-Percent 13600 587.3 601.43 596.22 601.69 0.00124 2.88 3800.97 567.04 0.16 3.5
8 (5+6) 5607 0.2-Percent 18000 587.3 602.79 597.11 603.12 0.001329 3.15 4470.63 1030.43 0.17 3.86
8 (5+6) 5307 10-Percent 7990 585.8 600.2 600.29 0.000496 2.28 3664.93 503.59 0.12 2.34
8 (5+6) 5307 2-Percent 11800 585.8 600.01 600.25 0.001524 3.23 3410.96 497.29 0.18 3.51
8 (5+6) 5307 1-Percent 13600 585.8 600.65 600.91 0.001577 3.41 3723.69 525.9 0.19 3.62
8 (5+6) 5307 0.2-Percent 18000 585.8 601.99 602.29 0.001637 3.72 4781.78 1214.94 0.19 3.84
8 (5+6) 5051 10-Percent 7990 584.3 599.75 599.88 0.001382 3.13 2937.42 812.17 0.17 3.46
8 (5+6) 5051 2-Percent 11800 584.3 599.21 599.54 0.001187 4.87 2949.37 664.88 0.25 1
8 (5+6) 5051 1-Percent 13600 584.3 599.85 600.2 0.001188 5.08 3421.59 872.11 0.25 1
8 (5+6) 5051 0.2-Percent 18000 584.3 601.21 601.57 0.001159 5.44 4655.56 935.59 0.26 1
8 (5+6) 4786 10-Percent 7990 582.8 599.04 599.16 0.001698 3.17 3059.99 854.13 0.18 4.63
8 (5+6) 4786 2-Percent 11800 582.8 598.68 599.01 0.001074 5 3254.57 817.09 0.24 1
8 (5+6) 4786 1-Percent 13600 582.8 599.33 599.67 0.001074 5.19 3806.97 913.8 0.25 1
8 (5+6) 4786 0.2-Percent 18000 582.8 600.7 601.05 0.001047 5.52 5198.61 1042.58 0.25 1
8 (5+6) 4582 10-Percent 7990 582.7 597.9 598.1 0.004054 4.01 2412.09 756.36 0.24 5.39
8 (5+6) 4582 2-Percent 11800 582.7 598.14 598.51 0.001268 5.31 3182.46 816.12 0.26 1
8 (5+6) 4582 1-Percent 13600 582.7 598.78 599.17 0.001283 5.55 3751.86 977.87 0.27 1
8 (5+6) 4582 0.2-Percent 18000 582.7 600.15 600.56 0.001276 5.97 5199.14 1093.16 0.27 1
8 (5+6) 4363 10-Percent 7990 582.5 596.5 590.5 596.83 0.002491 4.75 1789.22 744.56 0.26 2.36
8 (5+6) 4363 2-Percent 11800 582.5 597.48 590.61 597.95 0.001487 5.72 2365.98 945.93 0.28 1
8 (5+6) 4363 1-Percent 13600 582.5 598.28 591.23 598.66 0.001234 5.46 4087.63 1174.9 0.26 1
8 (5+6) 4363 0.2-Percent 18000 582.5 599.68 592.56 600.06 0.001166 5.73 5787.95 1242.05 0.26 1
8 (5+6) 4182 10-Percent 7990 582.4 596.04 590.06 596.39 0.002346 4.85 1725.47 462.13 0.27 1.94
8 (5+6) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
8 (5+6) 4182 1-Percent 13600 582.4 597.78 591.12 598.37 0.001766 6.37 2369.5 895.16 0.31 1
8 (5+6) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.81 0.001504 6.4 4713.57 1187.32 0.3 1
8 (5+6) 3997 10-Percent 7990 582.3 595.56 589.64 595.93 0.002594 4.95 1664.4 282.96 0.27 2.08
8 (5+6) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
8 (5+6) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001815 6.49 2326.06 800.37 0.32 1
8 (5+6) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001922 7.2 3968.88 1358.2 0.33 1
8 (5+6) 3670 10-Percent 7990 582.1 595.26 595.31 0.001187 2.49 5655.65 1244.36 0.15 3.88
8 (5+6) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 12: Flood Scenario 8 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

8 (5+6) 3670 1-Percent 13600 582.1 597.4 597.46 0.001007 2.87 8503.65 1396.1 0.15 3.58
8 (5+6) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000988 3 10643.31 1779.55 0.15 3.9
8 (5+6) 2921 10-Percent 7990 576.6 593.85 594.11 0.002187 4.44 2559.96 955.18 0.23 3.09
8 (5+6) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
8 (5+6) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
8 (5+6) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
8 (5+6) 1922 10-Percent 7990 573.7 593.54 593.58 0.000197 2.08 8257.55 1344.43 0.09 1.46
8 (5+6) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
8 (5+6) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
8 (5+6) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
8 (5+6) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
8 (5+6) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
8 (5+6) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
8 (5+6) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
8 (5+6) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
8 (5+6) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
8 (5+6) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
8 (5+6) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Flood Scenario #9 with Ice Cover

Flood Bench Configuration: 1b + 2 + 3 + 4 + 5 + 6

Plan: UPDATE-FB-1b+2+3+4+5+6-FULL-SUITE-ICE
Geometry: UPDATE-FB-1b+2+3+4+5+6-FULL-SUITE-ICE
Steady Flow Data: USGS BF,10,2,1,0.2-PERCENT-UPDATE-BC
Date: December 2022
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Figure 37: Flood Scenario #9 (1b+2+3+4+5+6) with Ice Cover Profile Plot
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Table 13: Flood Scenario 9 with Ice Cover HEC-RAS Output

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

9 (1b+2+3+4+5+6) 20483 10-Percent 7990 621.4 631.44 632.23 0.00152 7.14 1149.93 159.75 0.42
9 (1b+2+3+4+5+6) 20483 2-Percent 11800 621.4 633.13 634.27 0.001801 8.71 1502.7 283.71 0.47
9 (1b+2+3+4+5+6) 20483 1-Percent 13600 621.4 633.75 635.03 0.001907 9.3 1683.2 292.19 0.49
9 (1b+2+3+4+5+6) 20483 0.2-Percent 18000 621.4 635.05 636.62 0.002117 10.53 2068.77 300.59 0.52
9 (1b+2+3+4+5+6) 19313 10-Percent 7990 620.4 628.71 629.8 0.002908 8.44 1044.14 306.61 0.56
9 (1b+2+3+4+5+6) 19313 2-Percent 11800 620.4 630.2 631.56 0.003003 9.73 1584.78 383.6 0.58
9 (1b+2+3+4+5+6) 19313 1-Percent 13600 620.4 630.82 632.26 0.00298 10.15 1839.24 441.9 0.59
9 (1b+2+3+4+5+6) 19313 0.2-Percent 18000 620.4 632.19 630.62 633.75 0.002869 10.92 2526.99 588.7 0.59
9 (1b+2+3+4+5+6) 18244 10-Percent 7990 617.6 626.65 627.29 0.001757 6.95 1777.22 467.86 0.44
9 (1b+2+3+4+5+6) 18244 2-Percent 11800 617.6 628.34 629.05 0.001639 7.65 2591.04 496.46 0.44
9 (1b+2+3+4+5+6) 18244 1-Percent 13600 617.6 629.04 629.77 0.001595 7.91 2943.68 525.83 0.44
9 (1b+2+3+4+5+6) 18244 0.2-Percent 18000 617.6 630.58 631.36 0.001502 8.43 3818.33 582.92 0.43
9 (1b+2+3+4+5+6) 17053 10-Percent 7990 615.5 624.35 625.09 0.001916 7.31 1642.13 449.92 0.46
9 (1b+2+3+4+5+6) 17053 2-Percent 11800 615.5 625.99 626.9 0.001962 8.38 2446.6 516.1 0.48
9 (1b+2+3+4+5+6) 17053 1-Percent 13600 615.5 626.66 627.64 0.001967 8.79 2801.06 526.03 0.49
9 (1b+2+3+4+5+6) 17053 0.2-Percent 18000 615.5 628.2 629.3 0.001933 9.57 3631.88 561.22 0.49
9 (1b+2+3+4+5+6) 15751 10-Percent 7990 612.8 621.5 622.32 0.002353 7.63 1281.07 298.43 0.5
9 (1b+2+3+4+5+6) 15751 2-Percent 11800 612.8 623.1 624.11 0.002331 8.68 1817.82 352.78 0.52
9 (1b+2+3+4+5+6) 15751 1-Percent 13600 612.8 623.84 624.9 0.00225 8.99 2082.15 364.34 0.51
9 (1b+2+3+4+5+6) 15751 0.2-Percent 18000 612.8 625.58 626.72 0.002028 9.55 2728.88 378.1 0.5
9 (1b+2+3+4+5+6) 14403 10-Percent 7990 610.3 619.62 620 0.001192 5.74 2433.48 541.73 0.36
9 (1b+2+3+4+5+6) 14403 2-Percent 11800 610.3 621.69 622.05 0.000914 5.87 3595.49 583.34 0.33
9 (1b+2+3+4+5+6) 14403 1-Percent 13600 610.3 622.61 622.96 0.000824 5.91 4153.48 638.03 0.32
9 (1b+2+3+4+5+6) 14403 0.2-Percent 18000 610.3 624.77 625.08 0.000624 5.8 5659.35 747.1 0.28
9 (1b+2+3+4+5+6) 12986 10-Percent 7990 608.9 618.23 618.6 0.000827 5.21 2427.79 736.39 0.31
9 (1b+2+3+4+5+6) 12986 2-Percent 11800 608.9 620.65 620.99 0.000619 5.29 4558.28 922.39 0.28
9 (1b+2+3+4+5+6) 12986 1-Percent 13600 608.9 621.69 622.01 0.00055 5.29 5527.99 947.91 0.27
9 (1b+2+3+4+5+6) 12986 0.2-Percent 18000 608.9 624.05 624.34 0.000437 5.3 7816.98 999.76 0.24
9 (1b+2+3+4+5+6) 12162 10-Percent 7990 604.9 617.03 617.77 0.001141 6.98 1207.64 135.14 0.37
9 (1b+2+3+4+5+6) 12162 2-Percent 11800 604.9 619.08 620.18 0.001369 8.55 1649.84 403.11 0.42
9 (1b+2+3+4+5+6) 12162 1-Percent 13600 604.9 620.09 621.25 0.001344 8.9 2100.01 463.57 0.42
9 (1b+2+3+4+5+6) 12162 0.2-Percent 18000 604.9 622.63 623.71 0.001115 9.05 3576.64 731.48 0.39
9 (1b+2+3+4+5+6) 11955 10-Percent 7990 605.5 616.8 611.72 617.53 0.001175 6.85 1177.32 116.61 0.37
9 (1b+2+3+4+5+6) 11955 2-Percent 11800 605.5 618.78 613.35 619.89 0.001432 8.48 1413.78 149.67 0.42
9 (1b+2+3+4+5+6) 11955 1-Percent 13600 605.5 619.66 614.06 620.94 0.001509 9.11 1521.75 162.38 0.44
9 (1b+2+3+4+5+6) 11955 0.2-Percent 18000 605.5 621.72 615.65 623.38 0.001622 10.39 1776.04 332.33 0.47
9 (1b+2+3+4+5+6) 11860 Union Rd Bridge
9 (1b+2+3+4+5+6) 11789 10-Percent 7990 605.5 616.22 612.39 617.18 0.002926 7.85 1022.56 112.37 0.45 1
9 (1b+2+3+4+5+6) 11789 2-Percent 11800 605.5 617.95 614.02 619.43 0.003604 9.76 1223.15 119.72 0.52 1
9 (1b+2+3+4+5+6) 11789 1-Percent 13600 605.5 618.61 614.75 620.34 0.003941 10.61 1302.58 123.38 0.55 1
9 (1b+2+3+4+5+6) 11789 0.2-Percent 18000 605.5 619.93 616.38 622.35 0.004781 12.54 1465.96 153.38 0.61 1
9 (1b+2+3+4+5+6) 11675 10-Percent 7990 602.4 616.13 616.7 0.00209 6.08 1336.33 130.41 0.32 1
9 (1b+2+3+4+5+6) 11675 2-Percent 11800 602.4 617.88 618.8 0.002688 7.72 1568.93 139.64 0.38 1
9 (1b+2+3+4+5+6) 11675 1-Percent 13600 602.4 618.54 619.63 0.00298 8.46 1664.14 150.55 0.41 1
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Table 13: Flood Scenario 9 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

9 (1b+2+3+4+5+6) 11675 0.2-Percent 18000 602.4 619.89 621.44 0.003654 10.09 1944.41 306.6 0.46 1
9 (1b+2+3+4+5+6) 10302 10-Percent 7990 603.2 612.45 613 0.0036 6.21 1619.86 503.92 0.39 1
9 (1b+2+3+4+5+6) 10302 2-Percent 11800 603.2 613.64 614.32 0.003895 7.21 2289.5 591.19 0.42 1
9 (1b+2+3+4+5+6) 10302 1-Percent 13600 603.2 614.11 614.83 0.003959 7.55 2569.24 601.69 0.43 1
9 (1b+2+3+4+5+6) 10302 0.2-Percent 18000 603.2 615.12 615.93 0.004071 8.28 3189.57 623.17 0.45 1
9 (1b+2+3+4+5+6) 9372 10-Percent 7990 599.6 610.22 610.55 0.001922 4.96 1967.46 595.74 0.29 1
9 (1b+2+3+4+5+6) 9372 2-Percent 11800 599.6 611.38 611.75 0.001936 5.48 2671.21 613.29 0.3 1
9 (1b+2+3+4+5+6) 9372 1-Percent 13600 599.6 611.88 612.27 0.001895 5.63 2983.35 628.58 0.31 1
9 (1b+2+3+4+5+6) 9372 0.2-Percent 18000 599.6 613 613.41 0.001783 5.9 3755.36 798.91 0.3 1
9 (1b+2+3+4+5+6) 8312 10-Percent 7990 595.5 607.02 607.15 0.006074 0.56 2916.93 739.56 0.1 10.98
9 (1b+2+3+4+5+6) 8312 2-Percent 11800 595.5 607.84 608.03 0.007861 0.97 3492.62 757.34 0.14 11.24
9 (1b+2+3+4+5+6) 8312 1-Percent 13600 595.5 608.37 608.59 0.007963 0.63 3719.41 760.5 0.11 12.43
9 (1b+2+3+4+5+6) 8312 0.2-Percent 18000 595.5 609.84 610.08 0.006626 1.04 4785.52 788.96 0.13 12.93
9 (1b+2+3+4+5+6) 8145 10-Percent 7990 592.1 605.77 601.11 606.16 0.005447 5.01 1596.39 336.88 0.3 4.32
9 (1b+2+3+4+5+6) 8145 2-Percent 11800 592.1 607.14 599.56 607.53 0.001501 5.01 2357.6 446.8 0.25 1.39
9 (1b+2+3+4+5+6) 8145 1-Percent 13600 592.1 607.71 599.7 608.16 0.001183 5.37 2532.26 460.41 0.26 1
9 (1b+2+3+4+5+6) 8145 0.2-Percent 18000 592.1 608.91 600.82 609.57 0.00153 6.53 2758.53 486.95 0.3 1
9 (1b+2+3+4+5+6) 8049 Railroad Bridge Bridge
9 (1b+2+3+4+5+6) 7984 10-Percent 7990 592.1 605.44 600.46 605.87 0.002085 5.26 1540.39 370.68 0.31 1
9 (1b+2+3+4+5+6) 7984 2-Percent 11800 592.1 606.48 601.79 607.22 0.003057 6.93 1729.89 497.76 0.38 1
9 (1b+2+3+4+5+6) 7984 1-Percent 13600 592.1 606.9 602.37 607.8 0.003507 7.66 1806.13 521.08 0.41 1
9 (1b+2+3+4+5+6) 7984 0.2-Percent 18000 592.1 607.72 603.63 609.06 0.004668 9.37 1959.48 557.73 0.49 1
9 (1b+2+3+4+5+6) 7758 10-Percent 7990 595 604.87 602.55 604.98 0.001464 1.74 3219.26 868.24 0.13 4.2
9 (1b+2+3+4+5+6) 7758 2-Percent 11800 595 605.85 603.2 606.01 0.001654 1.57 3872.45 950.48 0.13 5.69
9 (1b+2+3+4+5+6) 7758 1-Percent 13600 595 606.26 603.51 606.45 0.001711 1.49 4143.07 965.99 0.12 6.34
9 (1b+2+3+4+5+6) 7758 0.2-Percent 18000 595 607.16 604.08 607.39 0.001713 1.33 4951.6 1009.33 0.11 7.63
9 (1b+2+3+4+5+6) 7564 10-Percent 7990 594.9 604.29 604.38 0.001375 2.04 3296.58 888.89 0.15 3.12
9 (1b+2+3+4+5+6) 7564 2-Percent 11800 594.9 605.21 605.35 0.001486 2.18 4069.69 924.97 0.15 3.56
9 (1b+2+3+4+5+6) 7564 1-Percent 13600 594.9 605.61 605.76 0.001511 2.22 4423.96 971.04 0.15 3.77
9 (1b+2+3+4+5+6) 7564 0.2-Percent 18000 594.9 606.52 606.71 0.0015 2.34 5296.73 1036.09 0.15 4.05
9 (1b+2+3+4+5+6) 7340 10-Percent 7990 594.8 603.72 603.81 0.001367 1.95 3410.44 1034.3 0.15 2.94
9 (1b+2+3+4+5+6) 7340 2-Percent 11800 594.8 604.64 604.76 0.001349 2.12 4355.69 1074.17 0.15 3.12
9 (1b+2+3+4+5+6) 7340 1-Percent 13600 594.8 605.04 605.17 0.001321 2.18 4783.64 1082.18 0.15 3.18
9 (1b+2+3+4+5+6) 7340 0.2-Percent 18000 594.8 605.99 606.14 0.001229 2.33 5816.23 1163.91 0.15 3.23
9 (1b+2+3+4+5+6) 7151 10-Percent 7990 594.7 603.05 603.14 0.001657 1.81 3364.35 1087.35 0.15 3.07
9 (1b+2+3+4+5+6) 7151 2-Percent 11800 594.7 604 604.12 0.001489 1.98 4404.77 1127.68 0.15 3.14
9 (1b+2+3+4+5+6) 7151 1-Percent 13600 594.7 604.43 604.56 0.001404 2.05 4894.6 1142.47 0.15 3.13
9 (1b+2+3+4+5+6) 7151 0.2-Percent 18000 594.7 605.46 605.59 0.00119 2.19 6314.89 1809.19 0.15 3.07
9 (1b+2+3+4+5+6) 6890 10-Percent 7990 593 602.41 599.9 602.47 0.00099 1.38 4021.85 2088.64 0.11 3.19
9 (1b+2+3+4+5+6) 6890 2-Percent 11800 593 603.43 600.27 603.51 0.000908 1.55 5209.99 2141.33 0.12 3.23
9 (1b+2+3+4+5+6) 6890 1-Percent 13600 593 603.89 600.43 603.98 0.00086 1.62 5764.76 2181.87 0.12 3.21
9 (1b+2+3+4+5+6) 6890 0.2-Percent 18000 593 604.99 600.76 605.09 0.000756 1.78 7077.94 2315.63 0.12 3.12
9 (1b+2+3+4+5+6) 6631 10-Percent 7990 592 601.65 599.25 601.76 0.001609 1.66 3193.05 859.51 0.14 3.36
9 (1b+2+3+4+5+6) 6631 2-Percent 11800 592 602.7 599.75 602.85 0.001524 1.9 4077.56 864.27 0.15 3.47
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Table 13: Flood Scenario 9 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

9 (1b+2+3+4+5+6) 6631 1-Percent 13600 592 603.2 599.93 603.36 0.001438 2 4511.24 866.54 0.15 3.45
9 (1b+2+3+4+5+6) 6631 0.2-Percent 18000 592 604.36 600.34 604.54 0.001265 2.2 5526.92 871.31 0.15 3.4
9 (1b+2+3+4+5+6) 6324 10-Percent 7990 590.5 600.66 598 600.78 0.00159 1.9 3102.98 753.04 0.15 3.68
9 (1b+2+3+4+5+6) 6324 2-Percent 11800 590.5 601.71 598.52 601.87 0.00166 2.14 3842 756.78 0.15 3.94
9 (1b+2+3+4+5+6) 6324 1-Percent 13600 590.5 602.27 598.73 602.44 0.001529 2.23 4276.31 758.79 0.15 3.9
9 (1b+2+3+4+5+6) 6324 0.2-Percent 18000 590.5 603.54 599.17 603.74 0.001327 2.43 5253.53 861.26 0.15 3.85
9 (1b+2+3+4+5+6) 6015 10-Percent 7990 588.7 599.73 599.84 0.001086 1.91 3145.45 633.23 0.14 3.01
9 (1b+2+3+4+5+6) 6015 2-Percent 11800 588.7 600.56 600.74 0.001484 2.27 3611.56 635.8 0.16 3.45
9 (1b+2+3+4+5+6) 6015 1-Percent 13600 588.7 601.22 601.41 0.001346 2.37 4041.32 637.85 0.15 3.39
9 (1b+2+3+4+5+6) 6015 0.2-Percent 18000 588.7 602.61 602.83 0.001203 2.59 4934.22 669.27 0.15 3.37
9 (1b+2+3+4+5+6) 5607 10-Percent 7990 587.3 599.39 594.03 599.45 0.000318 1.72 4233.25 594.97 0.1 1.7
9 (1b+2+3+4+5+6) 5607 2-Percent 11800 587.3 600 594.7 600.11 0.000567 2.15 4538.23 596.4 0.12 2.25
9 (1b+2+3+4+5+6) 5607 1-Percent 13600 587.3 600.68 594.93 600.81 0.000565 2.27 4945.23 598.01 0.13 2.26
9 (1b+2+3+4+5+6) 5607 0.2-Percent 18000 587.3 602.08 595.46 602.23 0.000593 2.53 5770.32 921.46 0.13 2.36
9 (1b+2+3+4+5+6) 5307 10-Percent 7990 585.8 599.24 599.29 0.000235 1.72 4609.51 569.17 0.09 1.54
9 (1b+2+3+4+5+6) 5307 2-Percent 11800 585.8 599.72 599.81 0.000485 2.2 4779.33 570.68 0.12 2.27
9 (1b+2+3+4+5+6) 5307 1-Percent 13600 585.8 600.4 600.51 0.000499 2.32 5162.66 586.26 0.12 2.34
9 (1b+2+3+4+5+6) 5307 0.2-Percent 18000 585.8 601.78 601.91 0.000543 2.58 6146.64 1092.5 0.13 2.52
9 (1b+2+3+4+5+6) 5051 10-Percent 7990 584.3 598.99 599.09 0.000657 2.42 3244.01 650.51 0.13 2.41
9 (1b+2+3+4+5+6) 5051 2-Percent 11800 584.3 599.11 599.37 0.001693 3.41 3194.45 668.42 0.19 3.23
9 (1b+2+3+4+5+6) 5051 1-Percent 13600 584.3 599.79 600.06 0.001647 3.5 3673.75 860.37 0.19 3.32
9 (1b+2+3+4+5+6) 5051 0.2-Percent 18000 584.3 601.16 601.45 0.001548 3.67 4925.24 954.51 0.19 3.49
9 (1b+2+3+4+5+6) 4786 10-Percent 7990 582.8 598.55 598.69 0.001162 2.99 3078.42 803.68 0.16 3.46
9 (1b+2+3+4+5+6) 4786 2-Percent 11800 582.8 598.5 598.78 0.000951 4.66 3374.24 798.05 0.23 1
9 (1b+2+3+4+5+6) 4786 1-Percent 13600 582.8 599.19 599.48 0.000946 4.83 3947.05 880.79 0.23 1
9 (1b+2+3+4+5+6) 4786 0.2-Percent 18000 582.8 600.58 600.89 0.000942 5.2 5335.13 1041.26 0.24 1
9 (1b+2+3+4+5+6) 4582 10-Percent 7990 582.7 597.85 598.03 0.002194 3.39 2724.43 764.86 0.2 4.43
9 (1b+2+3+4+5+6) 4582 2-Percent 11800 582.7 598.02 598.34 0.001133 4.98 3317.88 790.35 0.25 1
9 (1b+2+3+4+5+6) 4582 1-Percent 13600 582.7 598.71 599.04 0.001131 5.19 3915.43 951.61 0.25 1
9 (1b+2+3+4+5+6) 4582 0.2-Percent 18000 582.7 600.09 600.45 0.001136 5.61 5368.01 1091.71 0.26 1
9 (1b+2+3+4+5+6) 4363 10-Percent 7990 582.5 596.51 592.67 596.89 0.003638 3.53 1835.06 746.56 0.22 5.31
9 (1b+2+3+4+5+6) 4363 2-Percent 11800 582.5 597.61 590.78 597.91 0.000987 4.69 2878.57 1019.34 0.23 1
9 (1b+2+3+4+5+6) 4363 1-Percent 13600 582.5 598.36 591.3 598.63 0.000867 4.6 4631.81 1189.86 0.22 1
9 (1b+2+3+4+5+6) 4363 0.2-Percent 18000 582.5 599.75 592.39 600.03 0.000868 4.96 6318.13 1245.01 0.23 1
9 (1b+2+3+4+5+6) 4182 10-Percent 7990 582.4 596 590.04 596.36 0.002358 4.87 1718.18 457.62 0.27 1.93
9 (1b+2+3+4+5+6) 4182 2-Percent 11800 582.4 597.14 590.55 597.66 0.001656 5.93 2176.92 640.15 0.3 1
9 (1b+2+3+4+5+6) 4182 1-Percent 13600 582.4 597.79 591.12 598.38 0.001764 6.37 2370.28 896.17 0.31 1
9 (1b+2+3+4+5+6) 4182 0.2-Percent 18000 582.4 599.29 592.48 599.81 0.001504 6.4 4713.57 1187.32 0.3 1
9 (1b+2+3+4+5+6) 3997 10-Percent 7990 582.3 595.54 589.59 595.91 0.002506 4.94 1669.43 282.39 0.27 2
9 (1b+2+3+4+5+6) 3997 2-Percent 11800 582.3 596.82 590.02 597.36 0.001639 5.95 2153.86 525.73 0.3 1
9 (1b+2+3+4+5+6) 3997 1-Percent 13600 582.3 597.41 590.59 598.04 0.001814 6.48 2326.93 803.2 0.32 1
9 (1b+2+3+4+5+6) 3997 0.2-Percent 18000 582.3 598.75 591.89 599.47 0.001922 7.2 3968.88 1358.2 0.33 1
9 (1b+2+3+4+5+6) 3670 10-Percent 7990 582.1 595.25 595.3 0.00117 2.51 5653 1243.67 0.15 3.77
9 (1b+2+3+4+5+6) 3670 2-Percent 11800 582.1 596.76 596.82 0.001013 2.8 7649.98 1351.92 0.15 3.45
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Table 13: Flood Scenario 9 with Ice Cover HEC-RAS Output (continued)

Scenario River.Sta Profile Q.Total Min.Ch.El W.S..Elev Crit.W.S. E.G..Elev E.G..Slope Vel.Chnl Flow.Area Top.Width Froude...Chl Ice.Thick.Chan

9 (1b+2+3+4+5+6) 3670 1-Percent 13600 582.1 597.4 597.46 0.001011 2.86 8502.22 1396.39 0.15 3.61
9 (1b+2+3+4+5+6) 3670 0.2-Percent 18000 582.1 598.79 598.86 0.000988 3 10643.31 1779.55 0.15 3.9
9 (1b+2+3+4+5+6) 2921 10-Percent 7990 576.6 593.85 594.11 0.002182 4.44 2559.64 954.79 0.23 3.08
9 (1b+2+3+4+5+6) 2921 2-Percent 11800 576.6 595.76 595.96 0.001287 4.2 5111.49 1428.92 0.2 2.55
9 (1b+2+3+4+5+6) 2921 1-Percent 13600 576.6 596.51 596.67 0.001055 4.08 6201.24 1444.71 0.19 2.39
9 (1b+2+3+4+5+6) 2921 0.2-Percent 18000 576.6 598.06 598.19 0.000785 3.94 8928.85 2136.62 0.17 2.19
9 (1b+2+3+4+5+6) 1922 10-Percent 7990 573.7 593.54 593.58 0.000196 2.09 8257.98 1344.43 0.09 1.45
9 (1b+2+3+4+5+6) 1922 2-Percent 11800 573.7 595.49 595.52 0.000184 2.27 10949.93 1463.03 0.1 1.38
9 (1b+2+3+4+5+6) 1922 1-Percent 13600 573.7 596.23 596.27 0.000186 2.36 12141.66 1693.19 0.1 1.39
9 (1b+2+3+4+5+6) 1922 0.2-Percent 18000 573.7 597.78 597.82 0.000192 2.53 14988.84 1884.17 0.1 1.42
9 (1b+2+3+4+5+6) 833 10-Percent 7990 571.5 593.39 593.42 0.000106 2.01 7051.55 1516.47 0.08 1
9 (1b+2+3+4+5+6) 833 2-Percent 11800 571.5 595.34 595.38 0.000099 2.1 10374.31 1805.97 0.08 1
9 (1b+2+3+4+5+6) 833 1-Percent 13600 571.5 596.09 596.12 0.000098 2.14 11779.88 2068.75 0.08 1
9 (1b+2+3+4+5+6) 833 0.2-Percent 18000 571.5 597.64 597.68 0.000096 2.24 15564.63 2543.58 0.08 1
9 (1b+2+3+4+5+6) 279 10-Percent 7990 571 593.27 581.03 593.33 0.00012 2.35 5948.74 1083.92 0.1 1
9 (1b+2+3+4+5+6) 279 2-Percent 11800 571 595.23 582.78 595.29 0.00012 2.53 8758.64 2173.18 0.1 1
9 (1b+2+3+4+5+6) 279 1-Percent 13600 571 595.98 583.49 596.04 0.00012 2.6 10421.48 2286.34 0.1 1
9 (1b+2+3+4+5+6) 279 0.2-Percent 18000 571 597.53 585.08 597.59 0.00012 2.73 14338.36 2771.69 0.11 1
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Attachment G 
Bank and Channel Stabilization Strategies  



Vegetated Coir Logs
Vegetative plugs placed in densely-packed coconut fiber rolls (Figure 1)

Figure 1. Vegetated coir logs (NRCS 1996). 

Issue Solution Addresses

Vegetated coir logs prevent erosion by reinforcing the streambank and acting as a natural retaining wall
against water velocity. The vegetated rolls are flexible and can mold to the existing curvature of the 
streambank.  They are also highly effective in developing stream channel banks by trapping sediment 
behind the fiber rolls and improving conditions for vegetation establishment on the water's edge.  

Ideal Location

Coir logs are suitable in low energy environments and work best in areas with minimal ice build-up. High 
energy environmental can dislodge the logs or cause the logs to break down before rooting the 
vegetative plugs. Gradual slopes less than 1V:2H (vertical:horizontal) are preferred.  
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Design and Construction Considerations 

Site-Specific Conditions: Vegetated coir logs are suitable in water velocities of 8 ft/s or less. 

Materials: Pre-constructed coir logs, coir netting (optional), vegetated plugs (pre-rooted is 
preferred), rot-resistant wooden stakes, and erosion control blanket (optional). Erosion control 
blankets and coir netting are recommended and can reduce the need for maintenance long-
term.  
Construction: The density of vegetated plugs depends on the fiber roll diameter (Table 1). The 
root system shall be placed below the water level. The stakes shall be placed on both sides of 
the roll every 2-4 ft, depending on anticipated water velocity.  

Table 1. Vegetated Plug Density 

Log Diameter (inch) Vegetated Plug Density (plug/linear foot)
8 1
12 2
16 3
20 5

Spacing: If the shoreline is greater than 10 ft, the coir logs shall be laced together in a 
continuous line with no gapping between rolls.  
Placement: Install the first row of the coir logs parallel to the streambank such that the top two 
inches of the log are visible at mean water elevation. Additional vertical tiers can be added on 
the bank slope for further stabilization (Table 2).  

Table 2. Interval Spacing 

Slope (V:H) Interval Spacing (ft) 

1:1 5-10
1:2 > Slope > 1:1 10-20 
1:4 > Slope > 1:2 20-40 

Maintenance: Replacement of the rolls may be required if the log begins to break apart due to 
elevated water velocity or ice damage. For the first year, it is encouraged to inspect the 
structure after the first few floods (~ 3 visits). Monitoring can reduce to once a year after that. 
Over time, sediment will cover the coir logs, and vegetation will establish. 

Other design considerations include installation schedule (i.e., time of year), bank preparation, 
trench excavation methods, backfilling, compaction and drainage. 

Permitting and Regulatory Considerations 

The extent of permit requirements will depend on the location and final design of the project. Consult 
with your local municipality, NYSDEC, and USACE before beginning any stabilization activities.  

Rough Order of Magnitude Cost 

The total cost is approximately $1,000/20 linear ft. This price includes materials, transportation, and 
installation. Costs vary with design, site access, installation timeframe, supplier, and labor rates.  

Applications and Effectiveness 

Protect slopes and encourage deposition of sediment 
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Coir logs expedite vegetative cover by providing stabilized medium 
Molds to existing curvature of streambank 
Minimal disturbance of streambank 
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Brush Mattresses
Living ground cover of layered branch cuttings (Figure 2)

Figure 2. Brush mattresses (NRCS 1996). 

Issue Solution Addresses

Brush mattresses slow water velocities along the streambank and reduce erosion. The open space 
between the woody material allows for sediment deposition and water drainage. The build-up of 
sediment enhances the colonization of native plants.   
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Ideal Location 

Brush mattresses are best suited for perennial streams with low to medium water velocities. Constant 
water flow and sunny conditions will encourage the growth of the wood cuttings. Brush mattresses can 
be installed on slopes 1V:2H or flatter. 

Design and Construction Considerations 

Site-Specific Conditions: Brush mattresses are suitable in water velocities of 5 ft/s. Brush 
mattresses are commonly implemented with other shoreline stabilization methods to ensure 
proper protection. Rock bolsters provide toe stabilization against high water velocities and shear 
stress, Table 3. Note, shoreline protection is dependent on vegetation establishment. 

Table 2. Brush Mattresses Configuration 

Brush Mattress Type Water Velocity (ft/sec) Shear (lb/ft2) 

Staked only without rock bolster at toe
Initial Planting:    < 4.0 0.4 – 3 

Established Vegetation:  < 5.0 4.0 – 7.0 

Staked with rock bolster at toe 
Initial Planting:    < 5 0.8 – 4.1 

Established Vegetation:  < 12 4.0 – 8.0 

Materials: Live branch cuttings of a native growing species (e.g., willow) approximately 6 to 9 ft 
in length, biodegradable untreated twine, dead stout stakes (minimum length of 2.5 ft), 12 
gauge galvanized wire, and live fascines. Additional materials may include rock bolster and 
geotextile fabric for toe stabilization.   
Placement: First, install the live fascines in a trench (8 to 10 inches deep and wide) at the 
streambank base. Place the live branches into the fascines so that the basal end (where the 
roots grow) faces the riverbed. Drive dead stout stakes into the brush mattress approximately 
12 to 18 inches apart. Lastly, wrap metal wire around each stake and pull tightly across the live 
branches.  
Maintenance: Repair of the nature-based structure may be required dependent on stream 
velocity, flood frequency, sediment load, and timing. For the first year, inspect the structure for 
loose branches or live fascines after the first few floods (~ 3 visits). Add additional stakes as 
needed. For the first two dry seasons, water the branches every two weeks if a soaking rain does 
not occur during a three-week timeframe. 

Other design considerations include installation schedule (i.e., time of year), bank preparation, stock 
type, trench excavation methods, backfilling, compaction and drainage. 

Permitting and Regulatory Considerations 

The extent of permit requirements will depend on the location and final design of the project. Consult 
with your local municipality, NYSDEC, and USACE before beginning any stabilization activities.  

Rough Order of Magnitude Cost 

Total cost ranges from $38 to $84/10 ft2. This price includes materials, transportation, and installation. 
Costs vary with design, site access, installation timeframe, supplier and labor rates.  
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Applications and Effectiveness 

Applicable for steep fast-flowing streams 
Captures sediment and encourages vegetation establishment 
Requires good soil to stem contact and moist conditions for branches to grow 
Encourages conditions for colonization of native vegetation 
Immediate protection of streambank after installation  
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Type of Treatment
Allowable 

Shear
lb/sq ft

Velocity 
ft/sec

Brush Mattresses1

Staked only w/ rock riprap toe (initial) 0.8 - 4.1 5
Staked only w/ rock riprap toe (grown) 4.0 - 8.0 12

Coir Geotextile Roll2

Roll with coir rope mesh staked only without rock 
riprap toe

0.2 - 0.8 < 5

Roll with Polypropylene rope mesh staked only 
without rock riprap toe

0.8 - 3.0 < 8

Roll with Polypropylene rope mesh staked and 
with rock riprap toe

3.0 - 4.0 < 12

Live Fascine3

LF Bundle  w/ rock riprap toe 2.0 - 3.1 8 

Soils4

Fine colloidal sand 0.02-0.03 1.5
Sandy loam (noncolloidal) 0.03-0.04 1.75

Alluvial silt (noncolloidal) 0.045-0.05 2 

Silty loam (noncolloidal) 0.045-0.05 1.75-2.25
Firm loam 0.075 2.5
Fine gravels 0.075 2.5
Stiff clay 0.26 3-4.5
Alluvial silt (colloidal) 0.26 3.75
Graded loam to cobbles 0.38 3.75
Graded silts to cobbles 0.43 4 
Shales and hardpan 0.67 6 

Gravel/Cobble4

1-inch 0.33 2.5-5
2-inch 0.67 3-6
6-inch 2 4-7.5
12-inch 4 5.5-12

Vegetation4

Class A turf (ret class) 3.7 6-8
Class B turf (ret class) 2.1 4-7
Class C turf (ret class) 1 3.5
Retardance Class D 0.6 Design of roadside 

channels HEC-15Retardance Class E 0.35
Long native grasses 1.2-1.7 4-6
Short native and bunch grass 0.7-0.95 3-4
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Type of Treatment
Allowable 

Shear
lb/sq ft

Velocity 
ft/sec

Soil Bioengineering4

Wattles 0.2-1.0 3 
Reed fascine 0.6-1.25 5 
Coir roll 3-5 8 
Vegetated coir mat 4-8 9.5
Live brush mattress (initial) 0.4-4.1 4 
Live brush mattress (grown) 3.90-8.2 12
Brush layering (initial/grown) 0.4-6.25 12
Live fascine 1.25-3.10 6-8
Live willow stakes 2.10-3.10 3-10

Hard Surfacing4

Gabions 10 14-19
Concrete 12.5 >18

Boulder Clusters5

Boulder
Very large (>80-inch diameter) 37.4 25
Large ( >40-in diameter) 18.7 19
Medium (>20-inch diameter) 9.3 14
Small (>10-inch diameter) 4.7 10

Cobble
Large (>5-inch diameter) 2.3 7 
Small (>2.5-inch diameter) 1.1 5 

Gravel
Very Course (>1.25-inch diameter) 0.54 3
Course (>.63-inch diameter) 0.25 2.5

1 Brush mattresses (ERDC TN EMRRP-SR-23):  http://el.erdc.usace.army.mil/emrrp/pdf/sr23.pdf. 
2 Coir Geotextile roll (ERDC TN EMRRP-SR-04):  http://el.erdc.usace.army.mil/emrrp/pdf/sr04.pdf. 
3 Live Fascine (ERDC TN EMRRP-SR-31):  http://el.erdc.usace.army.mil/emrrp/pdf/sr31.pdf. 
4 Stream Restoration Materials (ERDC TN EMRRP-SR-29):  http://el.erdc.usace.army.mil/emrrp/pdf/sr29.pdf. 
5 Boulder Clusters (ERDC TN EMRRP-SR-11):  http://el.erdc.usace.army.mil/emrrp/pdf/sr11.pdf. 

Additional Sources:

Wisconsin Department of Transportation, Erosion Control - Product Acceptability List (PAL):
http://www.dot.wisconsin.gov/library/research/docs/finalreports/tau-finalreports/erosion.pdf

Texas Department of Transportation, Approved Products List: 
http://www.dot.state.tx.us/mnt/erosion/contents.htm
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Attachment H 
Project Cost Estimate 



Project: Buffalo Creek Floodplain Reconnection
Owner: Buffalo Niagara Waterkeepers
County: Erie
Municipality: Town of West Seneca

Qty Units Unit Cost Amount

Formation of flood bench 2,931,000$            

    Excavation and Material Disposal 76,000 CY 25$                            1,900,000$             

    Clearing/Grubbing 9 AC 20,000$                    180,000$                 

    Seeding and/or planting 1 LS 614,000$                  614,000$                 

    Temporary sediment and erosion control 2,700 LF 88$                            237,000$                 

Land acquisition 24 AC $3,500 83,000$                  

Walking Trail Restoration 109,000$                

     Earth Excavation 1500 CY 35.00$                      53,000$                   

    Compacted Granular Fill 900 CY 42.00$                      38,000$                   

    Fine Grading & Compacting 3,600 SY 5.00$                        18,000$                   

Bank Stabilization Features 2,700 LF $100 270,000$                

Allowance for utility owner requirement  50,000$                  

Construction Cost Subtotal 3,443,000$             

General Conditions / Project Management 10% $345,000
Contractor OH&P 15% $569,000
Construction Contingency 30% $1,308,000

Total Construction Cost $5,665,000

Summary
Construction Costs $5,665,000
Engineering (Not including additional modeling & ice jam analysis) 10% $567,000
Construction Management 10% $567,000

Total $6,799,000

 PROJECT COST ESTIMATE

Item/Description
Flood Benches

https://ramboll.sharepoint.com/sites/BuffaloCreekFloodplainStudy/Shared Documents/General/Docs/30% Design Package/Section 4 (Cost Estimate)/Buffalo Creek Floodplain Restoration/Buffalo Creek Floodplain Restoration.xlsx
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