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Module 12a. 
Channel Analysis and Inputs



Channel Analysis and Inputs

• Compliance verifications 
may also be required:

– Channel improvements

– Restored channels 

– Natural channels (if required 
by VESMP authority)

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 3



Channel Survey

• Divide channel into fairly 
uniform segments where 
we can assume constant:

– Flow depth

– Cross-sectional area 

– Runoff velocity

– Peak flow

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 3



Channel Survey

• Evaluate each channel 
segment for channel 
characteristics

– Slope

– Representative cross-
sectional area

– Channel lining roughness

– Downstream restrictions

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 3



Channel Survey

• VSWHB recommends at 
the very minimum:

– Three cross-sections 
minimum 50’ apart from 
discharge point

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 4



Channel Survey

• Channel top of bank should 
be well defined and 
identifiable

– Flattening or change in bank 
slope

– Flattened vegetation in 
direction of flow

– Soil types

– Other obvious indicators of 
frequent flow levels

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 4



Channel Survey

• When top of bank not 
obvious:

• Hydrologic analysis of 
contributing drainage area 
for 2-year pre-developed 
peak discharge flow

• Manning’s equation used 
to define cross-sectional 
flow

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 4



Permissible Tractive Force Method

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 4-5

• An alternative method for demonstrating channel 
protection also known as Permissible Shear Method

• Considers physical factors of bed material, channel 
geometry, depth, and velocity of flow

• Formulas for average tractive force as well as for shear 
stress in bends

• More information included in Chapter 7 of the VDOT 
Drainage Manual



Maximum Permissible Velocity 
Method

• Both channel capacity and 
velocity of flow are 
functions of:

– Channel lining

– Cross-sectional area

– Slope

Capacity

Erodibility

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 6



Maximum Permissible Velocity 
Method

Two main equations:

Manning’s Equation 

Continuity Equation

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 6

Manning’s Equation

V = velocity (fps)

n = Manning’s roughness coefficient 

R = hydraulic radius  (A/P)

A = wetted cross-sectional area

P = wetted perimeter(ft)

s = slope (in ft/ft - NOT percent slope)

sR
n

V  )3/2(49.1



The Inputs

12a. | CHANNEL ANALYSIS AND INPUTS |

Channel Geometry 
(Cross-sectional)

Channel slope (s)

(Gradient)

Channel Lining

(Manning’s n)

Area (A)

Wetted Perimeter (P)

Hydraulic Radius R=A/P



Maximum Permissible Velocity 
Method

The Inputs:

• Channel Geometry
– Area (A)

– Wetted Perimeter (P)

– Hydraulic Radius (R=A/P)

• Channel slope (S)

• Channel Lining 
(Manning’s n)

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 6

Manning’s Equation

V = velocity (fps)

n = Manning’s roughness coefficient 

R = hydraulic radius  (A/P)

A = wetted cross-sectional area

P = wetted perimeter(ft)

s = slope (in ft/ft - NOT percent slope)

sR
n

V  )3/2(49.1



Maximum Permissible Velocity 
Method

The Inputs:

Area (A):

Cross-sectional area 

Wetted Perimeter (P)

Hydraulic Radius (r) 

= A/P

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 6-7

Note:
Area (A) is actually cross-sectional 
area of flow within channel



Maximum Permissible Velocity 
Method

The Inputs:

Area (A):

Cross-sectional area 

Wetted Perimeter (P)

Hydraulic Radius (r) 

= A/P

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 7-8

3

2

A = 2x3 = 6
P = 2+3+2 = 7
R = A/P 
= 6/7 = 0.86

1

3

A = 1x3 = 3
P = 1+3+1 = 5
R = A/P 
= 3/5 = 0.6

Calculate A, P and R for each:



Table 12-1: Equations for Primary Channel Cross-Sections

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 8



12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 10

Table 12-2: Equations for Channel Cross-Sections



Channel Side Slopes

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 9



Input: Channel Slope (Longitudinal)

• Rise/Run

• Elevation change (feet)/Channel Length (feet)

• Channel slope – take along channel length at 

cross-sections for average longitudinal slope

• Energy slope - hydraulic grade line calculation 

should accompany analysis of existing or 

proposed pipe system (verify capacity for 10-

year storm)

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 11



Input: Channel Lining 

• Susceptibility to erosion estimated using 
roughness coefficient 

– Manning’s “n” or Manning’s Roughness 
Coefficient

– Some Manning’s n tables on pages 12-15

– Available in many publications including the VDOT 
Drainage Manual

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 11



Table 12-3

12a. | Pg. 12



Table 12-4: Manning’s “n” 
Values for Pipes, Canals, 
and Ditches

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 13



Table 12-5 Manning’s “n” 
Values for Natural 
Stream Channels

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 14



Table 12-6: Manning’s 
“n” Values for Select 
Channel Lining Materials

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 15



Q&A:  The Inputs

12a. | CHANNEL ANALYSIS AND INPUTS |

Channel Geometry 
(Cross-sectional)

Channel slope (s)

(Gradient)

Channel Lining

(Manning’s n)

Area (A)

Wetted Perimeter (P)

Hydraulic Radius R=A/P



Verifying Permissible Velocity

• Calculate velocity

• Compare to permissible velocity of lining

• Permissible velocities (C-ECM-15 Outlet 

Protection, VSWHB) or in manufacturer’s 

specifications

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 16

sR
n

V  )3/2(49.1



Table 12-7: Permissible Velocities for Grass-Lined Channels, Table C-ECM-15-2, 
VSWHB

12a. | Pg. 17



Table 12-8: Permissible Velocities for Unlined Earthen Channels, Table C-ECM-
15-3, VSWHB

12a. | Pg. 18



STRAIGHT CHANNELS



Table 12-9 Reduction in 
Permissible Velocity 
Based on Sinuosity

CURVED CHANNELS

12a. | Pg. 19



Q&A

12a. | CHANNEL ANALYSIS AND INPUTS |

Verifying Permissible 
Velocities

Manning’s Velocity 
Equation

Channel Sinuosity

sR
n

V  )3/2(49.1



12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20



Exercise

• Entire reach of channel 
analyzed (A to C) is 4,200 
feet long

• Between A and C, 
elevation decreases from 
140 feet to 120 feet       
(20 foot drop in elevation)

11a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20

A

B
C



Exercise

• Channel has 2 reaches

• Reach AB analyzed at 3 
cross-sections each 600 
feet apart 
– Sta 0+00

– Sta 6+00

– Sta 12+00)

• Reach BC analyzed at 4 
cross-sections each 600 
feet apart

11a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20

A

B
C



Exercise

• Average cross-section for 
each reach shown in 
cross-sectional diagrams.

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20
AB BC



Exercise (1)

• Assume bankfull flow, 
earth bottom and rubble 
sides, and Manning’s 
Roughness coefficient (n) 
of 0.03. 

• What is the velocity for 
reach AB and the velocity 
for reach BC? 

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%



Exercise – AB Hydraulic Radius

For z:

b=4.5  d=2.5  

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%

9.5 ft

2.5 ft

4.5 ft

(9.5 ft – 4.5 ft)/2
= 2.5 ft

z = 2.5/2.5
= 1

2.5 ft 2.5 ft4.5 ft = 9.5 ft



Exercise – AB Hydraulic Radius

Use formula from Table 12-2, p. 8,

And b=4.5  d=2.5  z=1

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%



Exercise – AB velocity

Manning’s Equation, p. 4,

n=0.03  R=1.5  s=0.018 ft/ft

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%



Exercise – BC Hydraulic Radius

Use formula from Table 12-2, p. 8,

And b=14 ft d=5 ft z=1

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

BC = 2520 ft
slope = 1.6%



Exercise – BC velocity

Manning’s Equation, p. 4,

n=0.03  R=3.4  s=0.016 ft/ft

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

BC = 2520 ft
slope = 1.6%



Exercise – (2) Permissible Velocity

If channel lining equivalent to 
coarse gravel, what is 
permissible velocity?

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

Table 12-8, p. 18

Table C-ECM-15-3, VSWHB

6.0 ft/sec



Exercise – (3) Channel Stability

Would the channel erode  
under bankfull conditions?

AB  velocity = 8.7 ft/sec

BC velocity = 14.2 ft/sec

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

Table 12-8, p. 168

Table C-ECM-15-3, VSWHB

6.0 ft/sec



Exercise – (4) Adjust for 2-yr depth

2-year depth:

AB  d=1.75 feet

BC  d=3.5 feet

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21



Exercise – (4) Adjusted AB 
Hydraulic Radius

Use formula from Table 12-2, p. 8,

And b=4.5 ft d=1.75 ft z=1

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%



Exercise – (4) Adjusted AB velocity

Manning’s Equation, p. 4,

n=0.03  R=1.2  s=0.018 ft/ft

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

AB = 1680 ft
slope = 1.8%

>6.0 ft/sec



Exercise – (4) Adjusted BC 
Hydraulic Radius

Use formula from Table 11-2, p. 8,

And b=14 ft d=3.5 ft z=1

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 18-19

BC = 2520 ft
slope = 1.6%



Exercise – (4) Adjusted BC velocity

Manning’s Equation, p. 4,

n=0.03  R=2.5  s=0.016 ft/ft

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21

BC = 2520 ft
slope = 1.6%

>6.0 ft/sec



Continuity Equation
(Evaluating Capacity)

Continuity Equation used to 
evaluate channel capacity

12b. | CONTINUITY EQUATION| Pg. 22

Q = V x A

Q = flow rate (cfs)

V = velocity 

(from Manning’s, fps)

A = Cross-sectional area (ft2)

cfs = fps * ft2



Continuity Equation
(Evaluating Capacity)

Continuity Equation simplifies 
to Discharge Equation.

12b. | CONTINUITY EQUATION| Pg. 22

Discharge Equation

Q = (1.49/n) * S 1/2 * R 2/3 * A

Q = flow rate (cfs) 

V = velocity 

(from Manning’s, fps)

A = Cross-sectional area (ft2)

cfs = fps * ft2



Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the 
channel accommodate?

12b. | CONTINUITY EQUATION| Pg. 22-23

Q = V x A

Q = flow rate (cfs)

V = velocity 

(from Manning’s, fps)

A = Cross-sectional area (ft2)

cfs = fps * ft2

Remember under 
bankfull conditions: 

AB  velocity = 8.7 ft/sec
BC velocity = 14.2 ft/sec



Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the 
channel accommodate?

12b. | CONTINUITY EQUATION| Pg. 22-23

Q = V x A

Q = flow rate (cfs)

V = velocity 

(from Manning’s, fps)

A = Cross-sectional area (ft2)

cfs = fps * ft2

Remember under 
bankfull conditions: 

AB  velocity = 8.7 ft/sec
BC velocity = 14.2 ft/sec



Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the 
channel accommodate?

12b. | CONTINUITY EQUATION| Pg. 22-23

Q = V x A

QAB = 8.7 ft/sec x 17.5 sf

= 152 cfs

QBC = 14.2 ft/sec x 95 sf

= 1,349 cfs

Remember under 
bankfull conditions: 

AB  velocity = 8.7 ft/sec
BC velocity = 14.2 ft/sec

QAB =

QBC =



Continuity Equation Exercise (5)

AB reach

Pre-dev. Q10 = 95 cfs

Post-dev. Q10 = 170 cfs

BC reach

Pre-dev. Q10 = 500 cfs

Post-dev. Q10 = 585 cfs

12b. | CONTINUITY EQUATION| Pg. 22-23

Is there a problem?

Q = V x A

QAB = 8.7 ft/sec x 17.5 sf

= 152 cfs

QBC = 14.2 ft/sec x 95 sf

= 1,349 cfs



Continuity Equation Exercise (5)

AB reach

Pre-dev. Q10 = 95 cfs

Post-dev. Q10 = 170 cfs

BC reach

Pre-dev. Q10 = 500 cfs

Post-dev. Q10 = 585 cfs

12b. | CONTINUITY EQUATION| Pg. 22-23

QAB = 8.7 ft/sec x 17.5 sf

QAB = 152 cfs

QBC = 14.2 ft/sec x 95 sf

QBC = 1349 cfs

Is there a problem?

Q = V x A



Continuity Equation Exercise (5)

AB reach

Pre-dev. Q10 = 95 cfs

Post-dev. Q10 = 170 cfs

BC reach

Pre-dev. Q10 = 500 cfs

Post-dev. Q10 = 585 cfs

12b. | CONTINUITY EQUATION| Pg. 22-23

Q = V x A

QAB = 8.7 ft/sec x 17.5 sf

QAB = 152 cfs

QBC = 14.2 ft/sec x 95 sf

QBC = 1349 cfs

YES!

Post-development discharge 
will exceed channel capacity 
and cause flooding during the 
10-year storm



Q&A – Exercise (1) – (5)

12a-b | CHANNEL ANALYSIS AND INPUTS and CONTINUITY EQUATION |

Channel Stability

Channel Capacity



Module 12c. 
Channel Computations Summary



Channel Computations Summary

• Review pages 24-30

12c. | CHANNEL COMPUTATIONS SUMMARY| Pg. 24



Channel Computations Summary

More information on how to perform and evaluate channel analyses can be 
found in these references:

DEQ Certification Course Participant Guide: Stormwater Management for 
Plan Reviewers

VSWHB 

Construction BMP Specification C-ECM-09 (Stormwater Conveyance 
Channels)

12c. | CHANNEL COMPUTATIONS SUMMARY| Pg. 24



Channel Computations Summary

12c. | CHANNEL COMPUTATIONS SUMMARY| Pg. 26









Module 12d. 
Reviewing Channel Design



Reviewing Channel Design

• VSWHB C-ECM-09/ Applicable P-BMP

• Most common: v-shaped, parabolic, trapezoidal

– Top width of parabolic and v-shaped channels not to exceed 30’

– Bottom width of trapezoid and grass lined not to exceed 15’

• Outlet protection (C-ECM-15)

• Appropriate channel lining (stable under runoff velocity)

• Grass-lined stabilized by perm. seeding and/or sod spec.

• Erosion netting

• Riprap use Std & Specs (C-ECM-13)

12d. | REVIEWING CHANNEL DESIGN | Pg. 31



C-ECM-09 Stormwater Conveyance 
Channel



Module 12 Problems

12. | MODULE 12 PROBLEMS| Pg. 35-41

• Review problems on your own



Questions?
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