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North Channel

2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr 2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr
47452.3 9 21 32 58 73 89 9 21 32 58 73 89
47079.4 15 37 57 110 140 170 15 37 57 110 140 170
45564.8 24 59 89 170 210 260 24 59 89 170 210 260
42418.0 43 110 170 310 390 480 43 110 170 310 390 480
40018.0 67 160 250 470 600 740 68 160 250 480 610 730
36496.2 84 190 300 570 740 910 85 190 300 570 730 920
34399.0 90 210 320 600 760 930 99 210 320 600 760 960
31149.0 0 15 130 420 590 770 100 220 330 620 800 1000
27507.0 14 32 150 470 670 880 110 230 360 690 890 1200
24630.0 21 50 170 510 720 950 85 210 390 780 950 1100
21713.0 50 93 180 540 760 1000 130 270 420 810 1100 1400
19803.0 65 120 186 548 769 1017 128 272 423 813 1054 1398
18554.8 14 46 97 508 727 972 83 235 385 773 1013 1347
17784.0 26 54 86 410 670 890 83 200 380 770 940 1100
17399.7 47 92 130 420 690 910 86 210 390 790 970 1100
14577.8 49 97 130 430 690 910 86 210 390 790 970 1100
13268.4 120 230 370 730 1000 1300 160 420 640 1100 1400 1700
10574.0 120 250 370 740 1000 1300 160 410 630 1100 1400 1700
8227.4 146 295 440 870 1170 1510 198 479 730 1290 1630 1980
5544.6 160 320 520 1000 1400 1900 210 530 820 1400 2000 2400
5379.9 190 400 600 1200 1500 1900 230 560 860 1500 2000 2500

2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr 2‐yr 5‐yr 10‐yr 25‐yr 50‐yr 100‐yr
15477.3 1 11 25 62 120 160 1 11 25 62 120 160
14907.6 9 32 58 124 190 259 31 70 108 202 280 360
9628.6 61 180 280 510 630 760 150 350 490 800 980 1200
6738.8 65 180 289 514 644 776 151 360 495 813 991 1184

Falcon DBPS
Steady Flow Data

West Tributary

Middle Tributary

Existing Peak Flows (cfs) Future Peak Flows (cfs)
HEC‐RAS Section

HEC‐RAS Section
Existing Peak Flows (cfs) Future Peak Flows (cfs)

1.0
0

Adjusted Velocity = Va (fps) * 15.5 6.8 11.2 7.4 1.0
D50 (in) ** 12 2 6 3 0

* Equation 8-10 from MHFD USDCM Chapter 8 for Evaluation of Erosion at Channel Bends
** Equation 8-11 from MHFD USDCM Chapter 8 for Riprap on Mild Slope Conditions

7.3 Evaluation of Erosion at Channel Bends 

Special erosion control measures are often needed at bends.  Riprap sizing should be based on locally 
higher velocities at the outside of a bend.  An estimate of velocity along the outside of the bend can to be 
made using the following equation.    

V
T
rV c

a )176.2147.0( +−=            Equation 8-10 

Where: 

Va = adjusted channel velocity for riprap sizing along the outside of channel bends (ft/sec) 

V = mean channel velocity for the peak flow of the major design flow (ft/sec) 

rc = channel centerline radius (ft) 

T = Top width of water during the major design flow (ft) 

n of Erosion at Channel Bends
n Mild Slope Conditions

8.1.1 Mild Slope Conditions 

When subcritical flow conditions occur and/or slopes are mild (less than 2 percent), UDFCD recommends 
the following equation (Hughes, et al, 1983): 
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VSd             Equation 8-11 

Where: 

V = mean channel velocity (ft/sec) 

S = longitudinal channel slope (ft/ft) 

d50 = mean rock size (ft) 

Gs = specific gravity of stone (minimum = 2.50, typically 2.5 to 2.7), Note:  In this equation (Gs -1) 
considers the buoyancy of the water, in that the specific gravity of water is subtracted from the 
specific gravity of the rock. 

Note that Equation 8-11 is applicable for sizing riprap for channel lining with a longitudinal slope of no 
more than 2%.  This equation is not intended for use in sizing riprap for steep slopes (typically in excess 
of 2 percent), rundowns, or protection downstream of culverts.  Information on rundowns is provided in 
Section 7.0 of the Hydraulic Structures chapter of the USDCM, and protection downstream of culverts is 
discussed in the Culverts and Bridges chapter.  For channel slopes greater than 2% use one of the 
methods presented in 8.1.2. 

1000 300 250 200 150
72.97 74.7 76.86 105.73 162.09
0.61 0.37 0.30 0.10 0.10
6.11 5.73 5.31 6.44 5.35

1.0 9.1 9.0 12.2 10.9
0 4 4 5 4

nnel Bends
tions

Is this verified by
the model?

tions for Outter Bank

C1 C2 C3
Offsite 5+54.98 6+26.74 3
5072 4402 4302
130 500 160

50.28 74.13 72.66

North Channel



Subject: Text Box
Page Index: 39
Date: 4/29/2022 11:45:15 AM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

South Channel

Subject: Callout
Page Index: 39
Date: 4/29/2022 1:01:14 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

6.06?

Subject: Callout
Page Index: 39
Date: 4/29/2022 12:58:41 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

6.9?

Subject: 
Page Index: 39
Date: 4/29/2022 12:59:34 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

72.97

Subject: 
Page Index: 39
Date: 4/29/2022 1:01:53 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

9.1

Subject: 
Page Index: 39
Date: 4/29/2022 1:09:56 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

12 2 6 3 0 4 4 5 4

Banks of Channel Bends

C3 C4 C5 C6 C7 C8 C9
26.74 3+24.69 4+71.46 8+76.24 13+12.21 22+49.81 23+63.16
302 3684 3580 3193 2725 1700 1600

160 500 1000 300 250 200 150
2.66 71.62 72.97 74.7 76.86 105.73 162.09

0.30 0.61 0.61 0.37 0.30 0.10 0.10
6.06 6.45 6.11 5.73 5.31 6.44 5.35

11.2 7.4 1.0 9.1 9.0 12.2 10.9

South Channel

 Banks of Channel Bends

C3 C4 C5 C6 C7 C8 C9
+26.74 3+24.69 4+71.46 8+76.24 13+12.21 22+49.81 23+63.16
4302 3684 3580 3193 2725 1700 1600
160 500 1000 300 250 200 150

72.66 71.62 72.97 74.7 76.86 105.73 162.09
0.30 0.61 0.61 0.37 0.30 0.10 0.10
6.06 6.45 6.11 5.73 5.31 6.44 5.35

11.2 7.4 1.0 9.1 9.0 12.2 10.9

6.06?

ns for Outter Banks of Channel Bends

C1 C2 C3 C4 C5 C6 C7
Offsite 5+54.98 6+26.74 3+24.69 4+71.46 8+76.24 13+12.21 22
5072 4402 4302 3684 3580 3193 2725
130 500 160 500 1000 300 250

50.28 74.13 72.66 71.62 72.97 74.7 76.86 1
0.35 0.30 0.30 0.61 0.61 0.37 0.30
8.64 5.73 6.06 6.45 6.11 5.73 5.31

15.5 6.8 11.2 7.4 1.0 9.1 9.0

6.9?

1000
72.97
0.61

9.1
4

alculations for Outter Banks of Channel Bends

rol Plan) C1 C2 C3 C4 C5 C6 C7 C8 C9
Offsite 5+54.98 6+26.74 3+24.69 4+71.46 8+76.24 13+12.21 22+49.81 23+63.16
5072 4402 4302 3684 3580 3193 2725 1700 1600

ft) 130 500 160 500 1000 300 250 200 150
50.28 74.13 72.66 71.62 72.97 74.7 76.86 105.73 162.09
0.35 0.30 0.30 0.61 0.61 0.37 0.30 0.10 0.10

) 8.64 5.73 6.06 6.45 6.11 5.73 5.31 6.44 5.35

= Va (fps) * 15.5 6.8 11.2 7.4 1.0 9.1 9.0 12.2 10.9
12 2 6 3 0 4 4 5 4

m MHFD USDCM Chapter 8 for Evaluation of Erosion at Channel Bends
om MHFD USDCM Chapter 8 for Riprap on Mild Slope Conditions



Subject: Callout
Page Index: 39
Date: 4/29/2022 1:10:32 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

Verify equation

Subject: Callout
Page Index: 39
Date: 4/29/2022 4:10:09 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 39

Add freeboard calculations around curves here or
separately; ensure that they are met

Subject: Text Box
Page Index: 49
Date: 4/29/2022 11:22:04 AM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 49

Duplicate page

49 (1)

Subject: Highlight
Page Index: 53
Date: 4/29/2022 11:22:39 AM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 53

53 (1)

Subject: 
Page Index: 136
Date: 4/29/2022 1:22:11 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 136

0.91

136 (4)

Subject: 
Page Index: 136
Date: 4/29/2022 1:23:07 PM
Author: dsdrice
Color: 
Layer: 
Space: 
Page Label: 136

8.14

0.10
5.35

10.9
4

Verify
equation

Riprap Calculations for Outter B

Curve Number
(From Survey Control Plan) C1 C2 C
US Station Offsite 5+54.98 6+26
HEC-RAS Section 5072 4402 43
Centerline Radius (ft) 130 500 16
Top Width (ft) 50.28 74.13 72.
Channel Slope (%) 0.35 0.30 0.3
Mean Velocity (fps) 8.64 5.73 6.0

Adjusted Velocity = Va (fps) * 15.5 6.8 11
D50 (in) ** 12 2 6

Add freeboard calculations around
curves here or separately; ensure
that they are met
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6.85
7.76
7.18

7.76
7.18
6.95

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)
 Stat 1000 PF 1 1482.00 6883.33 6888.64 6888.64 6890.60 0.012887 11.22 132.13 34.10 1.00

ject.

Table 1: Channel Design Parameters

Design Parameter Design Value
Maximum 100-year Depth 5 ft
Maximum Velocity* 7 ft/s
Maximum Froude, 100-year* 0.8
Maximum Shear Stress, 100-year* 1.2 lb/sf
Maximum Longitudinal Slope* 0.61%
Side Slope 4:1

Adjust the design
to meet these.

(areas highlighted on previous page)


