
 

 

 

 

 

Alternative Hydraulic Analysis 

Gandy Dancer State Trail 

over Little Balsam Creek 

 

April 2023 

WDOA Division Project No. 181N 

Town of Summit 

Douglas County, WI 

Cedar Corporation 

604 Wilson Avenue  

Menomonie, Wisconsin 54751 



Alternative Hydraulic Analysis for 

WDOA Division Project No. 181N 

Town of Summit, WI 

 

Gandy Dancer State Trail Over Little Balsam Creek  

Douglas County 

 

 

 

 

April 2023 

 

 

Prepared for: 

Wisconsin Department of Administration & Wisconsin Department of Natural Resources 

 

 

 

Prepared by: Cedar Corporation 

604 Wilson Avenue  

Menomonie, Wisconsin 54751 



Alternative Hydraulic Analysis – Gandy Dancer State Trail \ April 2023  2 

Table of Contents 

Table of Contents ................................................................................................................... 2 

1 Introduction ........................................................................................................................ 3 

1.1 Executive Summary ................................................................................................ 3 

The Wisconsin Department of Administration (WDOA) and the Wisconsin 

Department of Natural Resources (WDNR) have proposed a bridge replacement 

project for the Gandy Dancer State Trail.  The proposed project scope is to remove 

and replace an existing box culvert with a prestressed girder bridge. ..................... 3 

1.2 Purpose and Intent ................................................................................................. 3 

The purpose and intent of this report is to document the modifications necessary to 

eliminate the downstream water surface increase. This report will outline the 

hydraulic calculations used in determining the impact of the floodplain as a result 

of the modifications to the proposed structure. ...................................................... 3 

1.3 Location .................................................................................................................. 3 

2 Existing Data ........................................................................................................................ 4 

2.1 Existing Structure and Approaches ......................................................................... 4 

2.2 Flood Insurance Study (FIS) and Flood Insurance Rate Map (FIRM) ........................ 4 

2.3 Existing Data ........................................................................................................... 4 

2.4 LiDAR 4 

3 Hydraulic Analysis ............................................................................................................... 5 

3.1 Topographic Survey ................................................................................................ 5 

3.2 Model Notes ........................................................................................................... 5 

4 Alternative Hydraulic Analysis ............................................................................................ 6 

4.1 Stream Realignment Profile .................................................................................... 6 

4.2 Bench ...................................................................................................................... 7 

4.3 Proposed Stream Realignment Profile and Bench .................................................. 8 

5 Conclusions ......................................................................................................................... 9 

List of Appendices ................................................................................................................ 10 

Appendix A: Location Map .......................................................................................... 11 

Appendix B: Firmette .................................................................................................. 12 

Appendix C: Alternative Hydraulic Analysis (Modified Profile) ................................... 13 

Appendix D: Alternative Hydraulic Analysis (Bench) ................................................... 14 

Appendix E: Alternative Hydraulic Analysis (Bench & Modified Profile) ..................... 15 

 

  



Alternative Hydraulic Analysis – Gandy Dancer State Trail \ April 2023  3 

1 Introduction 

1.1 Executive Summary 

The Wisconsin Department of Administration (WDOA) and the Wisconsin Department of 

Natural Resources (WDNR) have proposed a bridge replacement project for the Gandy 

Dancer State Trail.  The proposed project scope is to remove and replace an existing box 

culvert with a prestressed girder bridge.  

A hydraulic study was previously completed and submitted to the WDNR on January 31, 

2023. The results of the proposed model demonstrated an increase in water surface 

elevation downstream of the structure for the 100-year storm event.  

1.2 Purpose and Intent 

The purpose and intent of this report is to document the modifications necessary to 

eliminate the downstream water surface increase. This report will outline the hydraulic 

calculations used in determining the impact of the floodplain as a result of the 

modifications to the proposed structure.  

1.3 Location 

The project site is located on the Gandy Dancer State Trail over Little Balsam Creek 

(WBIC 2841700) and is located in North West Douglas County, in North Western 

Wisconsin.  More specifically, the project site is located in the Town of Summit in the 

North East ¼ of the North West ¼ of section 10, T46N, R15W.  The location is identified 

in the following figure below.  An expanded location map and contour map can be found 

in Appendix A. 

Project Location 

 

 

  

 

 

 

Figure 1.1: Gandy Dancer State Trail General Location 
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2 Existing Data 

2.1 Existing Structure and Approaches 

The existing structure is a 12-feet wide by 8-feet high box culvert. Photos of the existing 

box culvert and surrounding area can be found in Appendix A. A survey was conducted 

at the site to verify field conditions however original design was not available as the 

structure is not in the Wisconsin Department of Transportation - Highway Structure 

Index (HSI) database.   

2.2 Flood Insurance Study (FIS) and Flood Insurance Rate Map (FIRM) 

The current effective FEMA Flood Insurance Study (FIS) for Douglas County and 

Incorporated Areas dated February 2, 2012 did not study Little Balsam Creek  

The Flood Insurance Rate Map (FIRM) for this area, map no 55031C0405D, is dated 

February 2, 2012.  The shaded area of Little Balsam Creek is classified as Zone A. Zone A 

is an area of special flood hazard without base flood elevations. A copy of the FIRMette 

for this area can be found in Appendix B of this report. 

2.3 Existing Data 

A hydraulic model of the watershed was obtained from the WDNR.  The hydraulic model 

however does not meet the requirements of NR116 therefore the floodplain of Little 

Balsam Creek is considered unstudied, Zone A.  A site-specific hydraulic model is 

therefore required to determine the impact of project on the floodplain.   

The 100-year storm event flow in the hydraulic model is 713 CFS.  It was determined by 

others that this flow meets the criteria of NR116 and therefore can be used in the site-

specific flood study. 

2.4 LiDAR 

LiDAR data was obtained from the WisconsinView database website. The LiDAR data, 2-

foot contour lines, were used in the existing surface to supplement topographic survey 

data.  
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3 Hydraulic Analysis 

3.1 Topographic Survey 

A detailed topographic survey of the project site was completed with stream bank cross 

sections upstream and downstream. A surface model was created in AutoCAD Civil 3D using 

County LiDAR data with edits made based on the topographical data collected. It is important to 

note that the river channel between data collection points was approximated using survey data 

and aerial photography. 

3.2 Model Notes 

A previously submitted hydraulic model was created using the US Army Corp of Engineer’s 

Hydrologic Engineering Center’s River Analysis System release 6.2 also known as HEC-RAS 6.2. 

HEC-RAS is a hydraulic modeling software used to perform one-dimensional hydraulic 

calculations to determine water surface profiles.  

The purpose of this model was to compare the backwater between the existing structure and 

the proposed structure. The goal was to verify that there is not an increase in the base flood 

elevation as a result of the new structure.  

The existing structure is perpendicular to Gandy Dancer Trail whereas the Little Balsam Creek 

approaches and leaves the proposed structure at a skew. Therefore, the streambed will be 

reestablished as part of the project. The purpose of the streambed reestablishment is to 

provide a more natural flow path under the bridge. The centerline of the proposed stream 

reestablishment was used as the river alignment and cross sections were adjusted accordingly.  

Seventeen cross sections (eight upstream and nine downstream) normal to the centerline flow 

the Little Balsam Creek Reestablishment were extracted from the surface model and modeled 

in HEC-RAS. Both the existing and proposed surface models were projected onto the hydraulic 

cross sections.  

Boundary conditions are needed in the hydraulic model to establish a starting water surface at 

the end of the river system. The boundary conditions in the modeling were set to normal depth 

based on water surface shots 400 feet upstream and 550 feet downstream. Ineffective flow 

areas were calculated based on the constrictions of the existing or proposed structures. 

The hydraulic analysis studied two different conditions; Existing conditions (existing box 

culvert), and alternate proposed conditions (proposed structure). The hydraulic analysis used 

the 100-year storm event flow from the watershed WDNR hydraulic model (713 CFS).  
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4 Alternative Hydraulic Analysis 

A copy of the previous proposed model was used for this analysis and modified to determine 

the changes necessary to reduce the increase in downstream water surface elevation.  

4.1 Stream Realignment Profile 

The first modification evaluated to eliminate the downstream increase was a grade break in the 

proposed stream realignment profile at station 52+15 (station 7+87 for HEC-RAS alignment 

stationing). The slope of the stream was increased to 6-percent from station 52+15 to station 

52+50 to lower the stream (station 7+52 to 7+87 for HEC-RAS alignment stationing). This 

decrease in grade provides a better transition from the proposed stream realignment to the 

existing stream. The proposed stream profile cannot be lowered any further upstream without 

the slopes of the overbanks surpassing a 2:1 slope.  

A plan and profile of the stream depicting the changes to the profile can be found in Appendix 

C. The results of the model with the profile modification are summarized in Table 3.1: Summary 

of Hydraulic Data – Alternate Proposed Model (Modified Profile). A downstream increase still 

exists as shown in the summary below.  

Table 3.1. Summary of Hydraulic Data – Alternate Proposed Model (Modified Profile) 

River Station 
Existing 100-Year 

W.S. Elevation 

Proposed (Modified Profile) 

100-Year W.S. Elevation 
Difference 

1400 966.93 966.93 0.00 

1360 965.66 965.66 0.00 

1300 965.42 965.42 0.00 

1255 963.98 963.98 0.00 

1200 962.55 962.47 -0.08 

1150 963.16 961.40 -1.76 

1120 961.82 961.67 -0.15 

1110 961.84 961.68 -0.16 

1000 Bridge/Box Culvert 

880 954.69 955.36 0.67 

865 954.28 955.17 0.89 

850 954.15 954.56 0.41 

750 952.21 951.81 -0.40 

715 951.23 951.12 -0.11 

625 948.26 948.26 0.00 

575 947.98 947.98 0.00 

550 947.36 947.36 0.00 

500 946.62 946.62 0.00 
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4.2 Bench 

The second modification evaluated to eliminate the downstream increase was a bench on the 

north side of the proposed stream from station 51+00 to 52+50 (7+52 to 9+02 for HEC-RAS 

alignment stationing). This benched area provides greater storage capacity and reduces water 

surface elevation.  

HEC-RAS cross sections comparing the alternate proposed models (modified stream profile, and 

the addition of a bench) can be found in Appendix D. The results of the model with the bench 

included are summarized in Table 3.2: Summary of Hydraulic Data – Alternate Proposed Model 

(Bench). A downstream increase still exists as shown in the summary below. 

Table 3.2. Summary of Hydraulic Data – Alternate Proposed Model (Bench) 

River Station 
Existing 100-Year 

W.S. Elevation 

Proposed (Bench) 100-Year 

W.S. Elevation 
Difference 

1400 966.93 966.93 0.00 

1360 965.66 965.66 0.00 

1300 965.42 965.42 0.00 

1255 963.98 963.98 0.00 

1200 962.55 962.47 -0.08 

1150 963.16 961.4 -1.76 

1120 961.82 961.67 -0.15 

1110 961.84 961.68 -0.16 

1000 Bridge/Box Culvert 

880 954.69 954.49 -0.20 

865 954.28 954.41 0.13 

850 954.15 954.39 0.24 

750 952.21 952.58 0.37 

715 951.23 951.78 0.55 

625 948.26 948.26 0.00 

575 947.98 947.98 0.00 

550 947.36 947.36 0.00 

500 946.62 946.62 0.00 
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4.3 Proposed Stream Realignment Profile and Bench 

The third modification evaluated to eliminate the downstream increase was a combination of 

the two previous modifications: the grade break in the stream realignment profile and the 

streambank bench. 

The results of the alternate proposed model, including a diagram showing the location of the 

cross sections, can be found in Appendix E. The results of the model, including the profile 

modification and bench, are also summarized in Table 3.3: Summary of Hydraulic Data – 

Alternate Proposed Model. The floodplain increase no longer exists as shown in the summary 

below.  

Table 3.2. Summary of Hydraulic Data – Alternate Proposed Model 

River Station 
Existing 100-Year 

W.S. Elevation 

Proposed (Bench) 100-Year 

W.S. Elevation 
Difference 

1400 966.93 966.93 0.00 

1360 965.66 965.66 0.00 

1300 965.42 965.42 0.00 

1255 963.98 963.98 0.00 

1200 962.55 962.47 -0.08 

1150 963.16 961.4 -1.76 

1120 961.82 961.67 -0.15 

1110 961.84 961.68 -0.16 

1000 Bridge/Box Culvert 

880 954.69 954.49 -0.20 

865 954.28 953.9 -0.38 

850 954.15 953.6 -0.55 

750 952.21 951.81 -0.40 

715 951.23 951.12 -0.11 

625 948.26 948.26 0.00 

575 947.98 947.98 0.00 

550 947.36 947.36 0.00 

500 946.62 946.62 0.00 

A map of the 100-Year floodplain for the alternate proposed model can be found in Appendix E. 
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5 Conclusions 

The alternate hydraulic analysis shows that in order to eliminate the downstream water surface 

increase, the following modifications would be required: 

1. A decrease in the profile of the proposed stream near the end of the channel 

realignment.  

2. Include a bench on the north side of the proposed channel on the downstream side of 

the structure.  

These two modifications would decrease the 100-year base flood elevation below existing 

conditions and meet the requirements of NR116. 

 



 

Alternative Hydraulic Analysis – Gandy Dancer State Trail \ April 2023  10 

List of Appendices 

The following appendices are referenced in this report and are included in this section, as 

follow:  

• Appendix A: Location Map 

• Appendix B: FIRMette  

• Appendix C: Alternative Hydraulic Analysis (Modified Profile) 

• Appendix D: Alternative Hydraulic Analysis (Bench) 

• Appendix E: Alternative Hydraulic Analysis (Bench & Modified Profile) 
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Appendix A: Location Map 
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Appendix B: Firmette 
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Appendix C: Alternative Hydraulic Analysis (Modified Profile) 

Data and calculations referenced in this report follow:   

1. Plan and Profile – Stream Realignment 

2. HEC-RAS Output Summary – Modified Stream Profile vs Existing Conditions 
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HEC-RAS   River: Little Balsam Cr   Reach: Little Balsam Cr    Profile: 100-Year

Reach River Sta Profile Plan 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

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Little Balsam Cr 1400    100-Year Existing Conditions 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1400    100-Year Prop Conditions (Modified Profile) 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1360    100-Year Existing Conditions 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1360    100-Year Prop Conditions (Modified Profile) 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1300    100-Year Existing Conditions 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1300    100-Year Prop Conditions (Modified Profile) 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1255    100-Year Existing Conditions 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1255    100-Year Prop Conditions (Modified Profile) 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1200    100-Year Existing Conditions 713.00 958.00 962.55 962.55 964.43 0.010530 11.42 78.64 24.86 0.96

Little Balsam Cr 1200    100-Year Prop Conditions (Modified Profile) 713.00 958.50 962.47 962.47 963.82 0.011335 9.62 90.75 40.58 0.96

Little Balsam Cr 1150    100-Year Existing Conditions 713.00 955.77 963.16 959.29 963.35 0.000612 3.76 250.37 48.06 0.25

Little Balsam Cr 1150    100-Year Prop Conditions (Modified Profile) 713.00 957.50 961.40 961.38 962.75 0.011085 9.58 90.21 39.66 0.95

Little Balsam Cr 1120    100-Year Existing Conditions 713.00 954.55 961.82 960.21 963.20 0.005100 9.54 88.59 19.96 0.64

Little Balsam Cr 1120    100-Year Prop Conditions (Modified Profile) 713.00 956.50 961.67 962.36 0.004206 7.01 137.60 50.40 0.61

Little Balsam Cr 1110    100-Year Existing Conditions 713.00 954.24 961.84 959.67 963.08 0.004881 9.00 85.92 14.23 0.58

Little Balsam Cr 1110    100-Year Prop Conditions (Modified Profile) 713.00 956.50 961.68 960.48 962.28 0.003475 6.60 148.61 52.31 0.56

Little Balsam Cr 1000    Culvert

Little Balsam Cr 880     100-Year Existing Conditions 713.00 950.00 954.69 954.69 956.96 0.011048 12.10 59.16 37.87 1.00

Little Balsam Cr 880     100-Year Prop Conditions (Modified Profile) 713.00 951.50 955.36 955.36 956.47 0.010406 9.09 114.29 61.81 0.91

Little Balsam Cr 865     100-Year Existing Conditions 713.00 949.76 954.28 954.25 955.84 0.012298 11.44 92.22 45.21 1.03

Little Balsam Cr 865     100-Year Prop Conditions (Modified Profile) 713.00 951.00 955.17 955.61 0.005000 6.50 197.28 89.80 0.64

Little Balsam Cr 850     100-Year Existing Conditions 713.00 949.50 954.15 954.15 955.62 0.010201 10.81 104.79 47.33 0.94

Little Balsam Cr 850     100-Year Prop Conditions (Modified Profile) 713.00 950.76 954.56 954.56 955.47 0.009831 8.58 139.27 83.04 0.88

Little Balsam Cr 750     100-Year Existing Conditions 713.00 947.04 952.21 951.20 953.15 0.004689 8.26 118.13 35.27 0.66

Little Balsam Cr 750     100-Year Prop Conditions (Modified Profile) 713.00 947.47 951.81 951.28 952.78 0.006844 8.22 107.50 39.18 0.76

Little Balsam Cr 715     100-Year Existing Conditions 713.00 946.74 951.23 951.23 952.85 0.010454 11.30 98.53 35.80 0.97

Little Balsam Cr 715     100-Year Prop Conditions (Modified Profile) 713.00 947.16 951.12 951.12 952.44 0.011694 9.46 88.45 38.50 0.96

Little Balsam Cr 625     100-Year Existing Conditions 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 625     100-Year Prop Conditions (Modified Profile) 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 575     100-Year Existing Conditions 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 575     100-Year Prop Conditions (Modified Profile) 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 550     100-Year Existing Conditions 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 550     100-Year Prop Conditions (Modified Profile) 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 500     100-Year Existing Conditions 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92

Little Balsam Cr 500     100-Year Prop Conditions (Modified Profile) 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92
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Appendix D: Alternative Hydraulic Analysis (Bench) 

Data and calculations referenced in this report follow:   

1. HEC-RAS Cross Sections – Bench vs Modified Stream Profile 

2. HEC-RAS Output Summary – Bench vs Existing Conditions 
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HEC-RAS   River: Little Balsam Cr   Reach: Little Balsam Cr    Profile: 100-Year

Reach River Sta Profile Plan 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

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Little Balsam Cr 1400    100-Year Existing Conditions 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1400    100-Year Prop Conditions (Bench) 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1360    100-Year Existing Conditions 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1360    100-Year Prop Conditions (Bench) 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1300    100-Year Existing Conditions 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1300    100-Year Prop Conditions (Bench) 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1255    100-Year Existing Conditions 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1255    100-Year Prop Conditions (Bench) 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1200    100-Year Existing Conditions 713.00 958.00 962.55 962.55 964.43 0.010530 11.42 78.64 24.86 0.96

Little Balsam Cr 1200    100-Year Prop Conditions (Bench) 713.00 958.50 962.47 962.47 963.82 0.011335 9.62 90.75 40.58 0.96

Little Balsam Cr 1150    100-Year Existing Conditions 713.00 955.77 963.16 959.29 963.35 0.000612 3.76 250.37 48.06 0.25

Little Balsam Cr 1150    100-Year Prop Conditions (Bench) 713.00 957.50 961.40 961.38 962.75 0.011085 9.58 90.21 39.66 0.95

Little Balsam Cr 1120    100-Year Existing Conditions 713.00 954.55 961.82 960.21 963.20 0.005100 9.54 88.59 19.96 0.64

Little Balsam Cr 1120    100-Year Prop Conditions (Bench) 713.00 956.50 961.67 962.36 0.004206 7.01 137.60 50.40 0.61

Little Balsam Cr 1110    100-Year Existing Conditions 713.00 954.24 961.84 959.67 963.08 0.004881 9.00 85.92 14.23 0.58

Little Balsam Cr 1110    100-Year Prop Conditions (Bench) 713.00 956.50 961.68 960.48 962.28 0.003475 6.60 148.61 52.31 0.56

Little Balsam Cr 1000    Culvert

Little Balsam Cr 880     100-Year Existing Conditions 713.00 950.00 954.69 954.69 956.96 0.011048 12.10 59.16 37.87 1.00

Little Balsam Cr 880     100-Year Prop Conditions (Bench) 713.00 951.58 954.49 954.49 955.34 0.015215 8.58 128.56 75.61 1.04

Little Balsam Cr 865     100-Year Existing Conditions 713.00 949.76 954.28 954.25 955.84 0.012298 11.44 92.22 45.21 1.03

Little Balsam Cr 865     100-Year Prop Conditions (Bench) 713.00 951.25 954.41 954.88 0.006904 6.45 174.69 85.59 0.72

Little Balsam Cr 850     100-Year Existing Conditions 713.00 949.50 954.15 954.15 955.62 0.010201 10.81 104.79 47.33 0.94

Little Balsam Cr 850     100-Year Prop Conditions (Bench) 713.00 950.92 954.39 954.77 0.004878 5.75 188.09 83.15 0.61

Little Balsam Cr 750     100-Year Existing Conditions 713.00 947.04 952.21 951.20 953.15 0.004689 8.26 118.13 35.27 0.66

Little Balsam Cr 750     100-Year Prop Conditions (Bench) 713.00 948.39 952.58 952.58 953.96 0.011373 9.67 87.27 36.94 0.96

Little Balsam Cr 715     100-Year Existing Conditions 713.00 946.74 951.23 951.23 952.85 0.010454 11.30 98.53 35.80 0.97

Little Balsam Cr 715     100-Year Prop Conditions (Bench) 713.00 947.30 951.78 951.78 953.16 0.011399 9.66 87.33 37.21 0.96

Little Balsam Cr 625     100-Year Existing Conditions 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 625     100-Year Prop Conditions (Bench) 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 575     100-Year Existing Conditions 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 575     100-Year Prop Conditions (Bench) 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 550     100-Year Existing Conditions 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 550     100-Year Prop Conditions (Bench) 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 500     100-Year Existing Conditions 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92

Little Balsam Cr 500     100-Year Prop Conditions (Bench) 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92
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Appendix E: Alternative Hydraulic Analysis (Bench & Modified Profile) 

Data and calculations referenced in this report follow:   

1. Hydraulic Cross Sections Layout 

2. HEC-RAS Cross Sections – Alternate Hydraulic Analysis vs Existing Conditions 

3. HEC-RAS Output Summary – Alternate Hydraulic Analysis 

4. Alternate Hydraulic Analysis – 100-Year Floodplain 
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HEC-RAS   River: Little Balsam Cr   Reach: Little Balsam Cr    Profile: 100-Year

Reach River Sta Profile Plan 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

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Little Balsam Cr 1400    100-Year Existing Conditions 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1400    100-Year Prop Conditions (Bench & Profile) 713.00 961.95 966.93 966.93 968.43 0.010005 11.53 114.48 43.77 0.95

Little Balsam Cr 1360    100-Year Existing Conditions 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1360    100-Year Prop Conditions (Bench & Profile) 713.00 961.66 965.66 965.66 967.28 0.011180 10.55 82.61 29.92 0.97

Little Balsam Cr 1300    100-Year Existing Conditions 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1300    100-Year Prop Conditions (Bench & Profile) 713.00 960.27 965.42 965.85 0.002648 6.38 212.68 68.93 0.50

Little Balsam Cr 1255    100-Year Existing Conditions 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1255    100-Year Prop Conditions (Bench & Profile) 713.00 959.59 963.98 963.98 965.52 0.010338 11.31 107.99 42.41 0.96

Little Balsam Cr 1200    100-Year Existing Conditions 713.00 958.00 962.55 962.55 964.43 0.010530 11.42 78.64 24.86 0.96

Little Balsam Cr 1200    100-Year Prop Conditions (Bench & Profile) 713.00 958.50 962.47 962.47 963.82 0.011335 9.62 90.75 40.58 0.96

Little Balsam Cr 1150    100-Year Existing Conditions 713.00 955.77 963.16 959.29 963.35 0.000612 3.76 250.37 48.06 0.25

Little Balsam Cr 1150    100-Year Prop Conditions (Bench & Profile) 713.00 957.50 961.40 961.38 962.75 0.011085 9.58 90.21 39.66 0.95

Little Balsam Cr 1120    100-Year Existing Conditions 713.00 954.55 961.82 960.21 963.20 0.005100 9.54 88.59 19.96 0.64

Little Balsam Cr 1120    100-Year Prop Conditions (Bench & Profile) 713.00 956.50 961.67 962.36 0.004206 7.01 137.60 50.40 0.61

Little Balsam Cr 1110    100-Year Existing Conditions 713.00 954.24 961.84 959.67 963.08 0.004881 9.00 85.92 14.23 0.58

Little Balsam Cr 1110    100-Year Prop Conditions (Bench & Profile) 713.00 956.50 961.68 960.48 962.28 0.003475 6.60 148.61 52.31 0.56

Little Balsam Cr 1000    Culvert

Little Balsam Cr 880     100-Year Existing Conditions 713.00 950.00 954.69 954.69 956.96 0.011048 12.10 59.16 37.87 1.00

Little Balsam Cr 880     100-Year Prop Conditions (Bench & Profile) 713.00 951.58 954.49 954.49 955.34 0.015215 8.58 128.56 75.61 1.04

Little Balsam Cr 865     100-Year Existing Conditions 713.00 949.76 954.28 954.25 955.84 0.012298 11.44 92.22 45.21 1.03

Little Balsam Cr 865     100-Year Prop Conditions (Bench & Profile) 713.00 951.25 953.90 953.90 954.72 0.016080 8.44 131.46 82.49 1.06

Little Balsam Cr 850     100-Year Existing Conditions 713.00 949.50 954.15 954.15 955.62 0.010201 10.81 104.79 47.33 0.94

Little Balsam Cr 850     100-Year Prop Conditions (Bench & Profile) 713.00 950.92 953.60 953.60 954.45 0.016422 8.41 125.12 77.37 1.07

Little Balsam Cr 750     100-Year Existing Conditions 713.00 947.04 952.21 951.20 953.15 0.004689 8.26 118.13 35.27 0.66

Little Balsam Cr 750     100-Year Prop Conditions (Bench & Profile) 713.00 947.47 951.81 951.28 952.78 0.006844 8.22 107.50 39.18 0.76

Little Balsam Cr 715     100-Year Existing Conditions 713.00 946.74 951.23 951.23 952.85 0.010454 11.30 98.53 35.80 0.97

Little Balsam Cr 715     100-Year Prop Conditions (Bench & Profile) 713.00 947.16 951.12 951.12 952.44 0.011694 9.46 88.45 38.50 0.96

Little Balsam Cr 625     100-Year Existing Conditions 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 625     100-Year Prop Conditions (Bench & Profile) 713.00 944.83 948.26 948.26 949.32 0.010565 9.01 118.66 63.16 0.92

Little Balsam Cr 575     100-Year Existing Conditions 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 575     100-Year Prop Conditions (Bench & Profile) 713.00 943.37 947.98 948.50 0.003914 7.04 183.70 61.56 0.59

Little Balsam Cr 550     100-Year Existing Conditions 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 550     100-Year Prop Conditions (Bench & Profile) 713.00 943.00 947.36 946.97 948.32 0.007378 9.14 135.06 53.05 0.80

Little Balsam Cr 500     100-Year Existing Conditions 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92

Little Balsam Cr 500     100-Year Prop Conditions (Bench & Profile) 713.00 942.44 946.62 946.62 947.87 0.009690 10.16 120.36 54.43 0.92
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