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Q Total W.S. Elev E.G. Elev Vel Chnl Froude # Chl W.S. Elev E.G. Elev Vel Chnl Froude # Chl W.S. Elev E.G. Elev Vel Chnl Froude # Chl

CFS FT FT FT/Sec - FT FT FT/Sec - FT FT FT/Sec -

51171 2 1424 4666.79 4666.92 3.11 0.27 4666.79 4666.92 3.11 0.27 0.00 0.00 0.00 0.00

51171 5 2734 4668.63 4668.79 3.51 0.26 4668.63 4668.79 3.50 0.26 0.00 0.00 -0.01 0.00

51171 10 3651 4669.66 4669.83 3.76 0.26 4669.66 4669.83 3.75 0.26 0.00 0.00 -0.01 0.00

51171 25 4793 4670.73 4670.92 4.04 0.26 4670.73 4670.92 4.03 0.26 0.00 0.00 -0.01 0.00

51171 50 5608 4671.31 4671.52 4.26 0.26 4671.31 4671.52 4.26 0.26 0.00 0.00 0.00 0.00

51171 100 (FIS) 11700 4671.05 4672.07 9.32 0.58 4671.03 4672.06 9.32 0.58 -0.02 -0.01 0.00 0.00

51151 2 1424 4666.76 4666.90 3.13 0.27 4666.76 4666.90 3.13 0.27 0.00 0.00 0.00 0.00

51151 5 2734 4668.61 4668.76 3.53 0.26 4668.61 4668.76 3.54 0.26 0.00 0.00 0.01 0.00

51151 10 3651 4669.63 4669.81 3.77 0.26 4669.63 4669.81 3.77 0.26 0.00 0.00 0.00 0.00

51151 25 4793 4670.71 4670.90 4.03 0.26 4670.71 4670.90 3.99 0.25 0.00 0.00 -0.04 -0.01

51151 50 5608 4671.29 4671.50 4.25 0.26 4671.29 4671.50 4.20 0.26 0.00 0.00 -0.05 0.00

51151 100 (FIS) 11700 4670.91 4671.97 9.49 0.60 4670.92 4671.95 9.37 0.59 0.01 -0.02 -0.12 -0.01

51101 2 1424 4666.68 4666.83 3.21 0.28 4666.68 4666.83 3.21 0.28 0.00 0.00 0.00 0.00

51101 5 2734 4668.54 4668.71 3.57 0.27 4668.55 4668.71 3.56 0.27 0.01 0.00 -0.01 0.00

51101 10 3651 4669.58 4669.75 3.80 0.26 4669.58 4669.75 3.78 0.26 0.00 0.00 -0.02 0.00

51101 25 4793 4670.65 4670.85 4.06 0.26 4670.66 4670.85 4.00 0.26 0.01 0.00 -0.06 0.00

51101 50 5608 4671.24 4671.45 4.27 0.26 4671.24 4671.45 4.21 0.26 0.00 0.00 -0.06 0.00

51101 100 (FIS) 11700 4670.26 4671.63 10.66 0.70 4670.35 4671.63 10.38 0.68 0.09 0.00 -0.28 -0.02

51081 2 1424 4666.66 4666.80 3.20 0.28 4666.66 4666.80 3.20 0.28 0.00 0.00 0.00 0.00

51081 5 2734 4668.52 4668.68 3.58 0.27 4668.52 4668.68 3.58 0.27 0.00 0.00 0.00 0.00

51081 10 3651 4669.55 4669.73 3.82 0.26 4669.55 4669.73 3.82 0.26 0.00 0.00 0.00 0.00

51081 25 4793 4670.62 4670.83 4.14 0.26 4670.63 4670.83 4.09 0.26 0.01 0.00 -0.05 0.00

51081 50 5608 4671.21 4671.43 4.35 0.27 4671.21 4671.43 4.32 0.27 0.00 0.00 -0.03 0.00

51081 100 (FIS) 11700 4669.16 4671.35 13.25 0.94 4669.16 4671.35 13.25 0.94 0.00 0.00 0.00 0.00

*All Elevations listed in the NAVD 88 Datum

**A positive value in the Proposed minus Existing columns indicates that the proposed condition value is higher; conversely, a negative value indicates that the proposed condition value is lower

Note: Yellow highlight indicates that the model results include levees

Note: No highlight indicates that the model results do not include levees in compliance with FEMA floodplain standards.

Existing Condition

River Sta Profile

Attachment A1: Main Channel HEC-RAS Model Results

Proposed Condition Proposed minus Existing**



Spillway Width,  b 50 ft

Crest Breadth (L) 30 ft

Crest Invert 4669.5

HW Elev. 4670.5

Total Head, H 2.5 ft

Discharge Coefficient, Cd 0.93833

Gravitational Acceleration 32.2 ft/s
2

Where:

Approach 

Velocity (ft/s)

Velocity Coefficient, 

Cv

Discharge Coefficient, 

Cd

Discharge, Q (cfs)

10.50 1.41 0.938 808.66

11.00 1.45 0.938 829.67

11.50 1.49 0.938 851.37

12.00 1.52 0.938 873.73

12.50 1.56 0.938 896.74

13.00 1.61 0.938 920.36

13.25 1.63 0.938 932.40

13.50 1.65 0.938 944.59

14.00 1.69 0.938 969.40

14.50 1.74 0.938 994.76

15.00 1.78 0.938 1020.68

15.50 1.83 0.938 1047.11

16.00 1.87 0.938 1074.06

Note: Equation assumes rectangular, broad-crested weir

Appendix 2: Approach Velocity Sensitivity Analysis
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.106

Channel Slope 0.15000 ft/ft

Left Side Slope 20.00 ft/ft (H:V)

Right Side Slope 20.00 ft/ft (H:V)

Bottom Width 50.00 ft

Discharge 933.00 ft³/s

Results

Normal Depth 1.75 ft

Flow Area 148.93 ft²

Wetted Perimeter 120.15 ft

Hydraulic Radius 1.24 ft

Top Width 120.06 ft

Critical Depth 1.74 ft

Critical Slope 0.15272 ft/ft

Velocity 6.26 ft/s

Velocity Head 0.61 ft

Specific Energy 2.36 ft

Froude Number 0.99

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.75 ft

Critical Depth 1.74 ft

Channel Slope 0.15000 ft/ft

Spillway Structure - Grouted Riprap

03-Apr-18 9:22:32 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page

Attachment A3: Grouted Riprap Portion Hydraulics



Spillway Structure - Grouted Riprap

GVF Output Data

Critical Slope 0.15272 ft/ft

03-Apr-18 9:22:32 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.120

Channel Slope 0.20000 ft/ft

Left Side Slope 20.00 ft/ft (H:V)

Right Side Slope 20.00 ft/ft (H:V)

Bottom Width 50.00 ft

Discharge 933.00 ft³/s

Results

Normal Depth 1.73 ft

Flow Area 146.85 ft²

Wetted Perimeter 119.45 ft

Hydraulic Radius 1.23 ft

Top Width 119.36 ft

Critical Depth 1.74 ft

Critical Slope 0.19573 ft/ft

Velocity 6.35 ft/s

Velocity Head 0.63 ft

Specific Energy 2.36 ft

Froude Number 1.01

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 1.73 ft

Critical Depth 1.74 ft

Channel Slope 0.20000 ft/ft

Spillway Structure - Graded Riprap

03-Apr-18 9:26:00 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page

Attachment A4: Graded Riprap Portion Hydraulics



Spillway Structure - Graded Riprap

GVF Output Data

Critical Slope 0.19573 ft/ft

03-Apr-18 9:26:00 AM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



Bottom Width 

(ft)

Discharge, Q 

(cfs)

Flow Area

 (ft
2
)

Hydraulic Radius 

(ft)

Normal Depth 

(ft)

Velocity in Chute 

(ft/s)

Froude Shear Stress

 (psf)

5 933.00 142.12 1.33 2.54 6.56 1 12.45

10 933.00 142.32 1.33 2.43 6.56 1 12.45

15 933.00 142.72 1.32 2.32 6.54 1 12.36

20 933.00 143.26 1.31 2.22 6.51 1 12.26

25 933.00 143.88 1.3 2.13 6.48 1 12.17

30 933.00 144.69 1.29 2.04 6.45 1 12.07

35 933.00 145.6 1.28 1.96 6.41 1 11.98

40 933.00 146.60 1.27 1.89 6.36 1 11.89

45 933.00 147.75 1.25 1.82 6.31 0.99 11.70

50 933.00 148.93 1.24 1.75 6.26 0.99 11.61

Side Slopes of Spillway 20:1 ft/ft (H:V)

Manning's "n" 0.106

Slope of Spillway 0.15 ft/ft

Unit Weight, γ 62.4 lb/ft
3

Gravitational Acceleration 32.2 ft/s
2

Attachment A5: Hydraulics for Variable Bottom Widths
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COMPANION DOCUMENT 580-10 

EFH Notice 210-WI-119 
February 2009 

ALLOWABLE VELOCITY AND MAXIMUM SHEAR STRESS 
Streambank and Shoreland Protection Code 580 

 
 

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-15 Retardance Class E 0.35 
Long native grasses 1.2-1.7 4-6 
Short native and bunch grass 0.7-0.95 3-4 



COMPANION DOCUMENT 580-10 

EFH Notice 210-WI-119 
February 2009 

 

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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