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Module 12

Channel Evaluation

Plan Reviewer for Erosion and Sediment Control
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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

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

Slope

Representative cross-
sectional area

Channel lining roughness

Downstream restrictions




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

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

Flattened vegetation in
direction of flow

Soil types

Other obvious indicators of
frequent flow levels




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

* 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

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



Maximum Permissible Velocity
Method

Both channel capacity and
velocity of flow are
functions of:

Channel lining

Capacity Cross-sectional area
/ / - Slope
\_/
Erodibility

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



Maximum Permissible Velocity
Method

Manning's Equation Two main equations:
V = X R( ) L VIS Manning’s Equation
1 Continuity 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)

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




The Inputs

Area (A)
Wetted Perimeter (P)
Hydraulic Radius R=A/P

Channel Geometry
(Cross-sectional)

Channel slope (s)
(Gradient)

Channel Lining

(Manning’s n)

12a. | CHANNEL ANALYSIS AND INPUTS |



Maximum Permissible Velocity
Method

Manning's Equation The Inputs:
1 49 Channel Geometry

V — R(2/3) ><\/7 Area (A)

Wetted Perimeter (P)
Hydraulic Radius (R=A/P)

Channel slope (S)

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)

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

Channel Lining
(Manning’s n)




Maximum Permissible Velocity
Method

The Inputs:

Area (A):
Cross-sectional area

Note: . Wetted Perimeter (P)
Area (A) is actually cross-sectional

area of flow within channel

Hydraulic Radius (r)
=A/P

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 6-1



Maximum Permissible Velocity

Method

Calculate A, P and R for each:

A=1x3=3 A=2x3=6
P=1+3+1=5 P=2+3+2=7
R=A/P R=A/P
=3/5=0.6 =6/7 =0.86

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

The Inputs:

Area (A):
Cross-sectional area

Wetted Perimeter (P)

Hydraulic Radius (r)
=A/P




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

Wetted

Hydraulic

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

A Top Width
Section red Perimeter Radius °p 1
A P r=A/P T
bd + zd?
bd + zd? b+2dJz2+1 | b+2dvzz+1 b+ 2zd
S -
bd
dT bd b+ 2d b
b+ 2d
< >
b
\\""_i‘ _____ / a2 N ) zd -




Table 12-2: Equations for Channel Cross-Sections

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



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. I



Input: Channel Lining

* Susceptibility to erosion estimated using
roughness coefficient

4 o

— 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. I



Table 12-3

2. | Pg 12



Table 12-4: Manning’s “n”

Values for Pipes, Canals,
and Ditches

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. I3



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

WAWISAA) WIS WSAIMASS LWNSLANR) AwSAs

stage, no rifts or deep pools

2. Same as #1, but some weeds
and stones

3.  Winding, some pools and
shoals, clean

4. Same as #3, lower stages,
more ineffective slope and
sections

5. Same as #3, some weeds and

stones

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 14
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un” Va|ueS fOI’ Select SELECTED CHANNEL LINING MATERIALS

Channel Lining Materials Material Range of '0" Valued
Concrete
- Formed 0.013 - 0.017
- Trowel Finish 0.012 - 0.014
- Float Finish 0.013 - 0.015
- Gunite 0.016 - 0.022
Gravel Bed, Formed Concrete Sides 0.017 - 0.020
Asphalt Concrete
- Smooth 0.013
- Rough 0.016
Corrugated Metal
- 2-2/3" x 1/2" Corrugations 0.024
- 6" x 2" Corrugations 0.032
Concrete Pipe 0.011 - 0.013

12a. | CHANNEL ANALYSIS AND INPUTS | Pg. I5



Q&A: The Inputs

Area (A)
Wetted Perimeter (P)
Hydraulic Radius R=A/P

Channel Geometry
(Cross-sectional)

Channel slope (s)
(Gradient)

Channel Lining

(Manning’s n)

12a. | CHANNEL ANALYSIS AND INPUTS |



Veritying Permissible Velocity

V _ 149 . R(2/3) )(\/g
N

e 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



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

2. | Pg. IT



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

2. | Pg. 18



STRAIGHT CHANNELS



Table 12-9 Reduction In CURVED CHANNELS

Permissible Velocity
Based on Sinuosity

22. | Pg. 19



Q&A

Verifying Permissible
Velocities

v =149 rem /5| Manning’s Velocity
Equation

Channel Sinuosity

12a. | CHANNEL ANALYSIS AND INPUTS |
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Exercise

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7

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

C
2520 0 1.5

B o - Between A and C,

00 6+00 12500 18500 24400 30400 36400 e I evat | on d ecreases frO m

Stream Profile

Horizontal Scale: 1" = 600' 140 feet tO 120 feet

Vertical Scale: 1" = 20'

© Indicates points wh -secti lotted 20f d i I i
indicates polnts where cross;sections yere plotted to (20 foot drop in elevation

verage Cross-Section Average Cross-Section

Reach A-B , Reach B-C

|-— 24 »|

Y —— mﬂ!!manag@?\L T Aﬂﬁmﬂﬂggzg
1 5!

5 — o —

I1a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20



Exercise

STREAM PROFILE ANC SECT1UnS TCR=SYAMPLE 5.7

Channel has 2 reaches

Reach AB analyzed at 3
cross-sections each 600
feet apart

Sta 0+00

C
520" 0 1.5

B

00 6+00 12+00 18+00 24400 30+00 36+00

Stream Profile Sta 6+OO

Horizontal Scale: 1" = 600'

Vertical Scale: 1" = 20' Sta 12+OO)

® Indicates points where cross-sections were plotted to
Reach BC analyzed at 4

cross-sections each 600

A — ¥ Pus
WE“ g‘@\nl__ ;__ﬂ”w feet apart

verage Cross-Section Average Cross-Section
Reach A-B , Reach B-C
|-— 24

I1a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20



Exercise

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Ave ra ge CrOSS_SeCtiOn for
each reach shown in

cross-sectional diagrames.

C
520" 0 1.5

00 6+00 12+00 18+00 24400 30+00 36+00
Stream Profile

Horizontal Scale: 1" = 600'

Vertical Scale: 1" = 20'
T YoMt CIts where mmace-cantinne wmna nladdnd 4n
determine ave ‘age cross section of each reach

verage Cross-Section Average Cross-Section
Reach A-B , Reach B-C
|- 24 »|
95— ¥ L=
. 5t
»{4.5 f= fe— 14—

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



Exercise (1)

STREAM PROFILE Ar;n SECTIONS FOR EXAMPLE 5-7 ASSU me b ankfu” ﬂOW,
earth bottom and rubble
. .,
AB = 1580 ft ., sides, and I\/Iann!n.g S
slope = 1.8% Roughness coefficient (n)
EJO 6+i)0 1251'00 18i00 24100 30i00 36-:*00 Of 0'03'

Stream Profile

Horizontal Scale: 1" = 600' What iS the VQIOCity fOr

Vertical Scale: 1" = 20'

C
2520 0 1.5

© daateates o et B and th loci
e B OIS Jere Flotted t0 reach AB and the velocity
veraggegcr;g_i:lsaection Aviraggegzgsg:gection fOr reach BC?
|~— 24 >/
e U «
TR,y )

N N—i—*

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



Exercise - AB Hydraulic Radius

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 FO r Z .

b=4.5 d=2.5
2.5 ft 4.5 ft 25ft =9.5ft

C
2520 0 1.5

AB = 1680 ft
slope = 1.8%

00 6+00 12+00 18+00 24+00 30+00 36+00
Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

© Indicates points where cross-sections were plotted to
determine average cross-section of each reach

(9.5 ft — 4.5 ft)/2

verage Cross-Section Average Cross-Section
Reach A-B e gy RGBT N =2.5ft
s —, I N

. 5t
»{4.5' = f—— 14—

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



Exercise - AB Hydraulic Radius

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Use formula from Table 12-2, P. 8,
“ And b=4.5 d=2.5 z=1

C
520" 0 1.5

AB = 1680 ft

° (bd + Zdz)
slope = 1.8% R =

(b +2dVZZ + 1)

00 6+00 12+00 18+00 24400 30+00 36+00
Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

_ (45x25+1x25%)

® Indicates points where cross-sections were plotted to R -
determine average cross-section of each reach - \/2—

verage Cross-Section Average Cross-Section (4‘.5 + 2 X 2.5 1 + 1)

Reach A-B , Reach B-C

|-— 24 >

TS —— M% ¥ =
1 5!
T B I 17 5

+{4.5'}= f— 14— y 15

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



Exercise - AB velocity

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Manning's Equation’ p 4’
n=0.03 R=1.5 s=0.018 ft/ft

B

C
520" 0 1.5

AB = 1680 ft

slope = 1.8% V- 149><R2/3><\/_

: : ¢ b : + -
00 6+00 12+00 18+00 24+00 30+00 36+00 n
Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

® Indicates points where cross-sections were plotted to 1 49
determine average cross-section of each reach X 1 5 2/3 X O O 1 8
n

verage Cross-Section Average Cross-Section O O 3

Reach A-B , Reach B-C

) |- 24 »|

95" — L) il
1 5!

4.5}« f— 14—

V =8.7 ft/sec

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



Exercise - BC Hydraulic Radius

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Use formula from Table 12-2, P. 8,

A | 8 BC = 2520 fi And b=14 ft d=5 ft z=1
: . slope =1.6%

520" 0 1.5

00 6+00 12+00 18+00 24400 30+00 36+00

_ (bd +zd?)
C (b+2dVZZ F 1)

Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

(14 x5+ 1 x 5%)

® Indicates points where cross-sections were plotted to R — N —
determine average cross-section of each reach - \/2—

verage Cross-Section Average Cross-Section (14‘ + 2 X 5 1 + 1)

Reach A-B , Reach B-C

- |~— 24 >

TS —— M% ¥ =
b 5!
TR, y=" .. . d 95

45 — 15—

3.4

= 2_8 —
12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21



Exercise - BC velocity

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 M ann | ng's Eq uat|0 n’ p 4’

: - . BC = 2520 ft
° slope = 1.6% n=0.03 R=3.4 s=0.016 ft/ft

1.49
V=——XR?*3x+[s

00 6+00 12+00 18+00 24+00 30+00 36+00 /4)

Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

® Indicates points where cross-sections were plotted to 1 49
determine average cross-section of each reach X 3 42/3 X O O 1 6
n

verage Cross-Section Average Cross-Section O O 3

Reach A-B , Reach B-C

|- 24 »|

95" — L) i
. 5!

4.5}« f— 14—

V =14.2 ft/sec

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



Exercise - (2) Permissible Velocity

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 If Channel ||n|ng equ|va|ent to
coarse gravel, what is
permissible velocity?

C
520" 0 1.5

00 6+00 12+00 18+00 24400 30+00 36+00
Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

® Indicates points where cross-sections were plotted to
determine average cross-section of each reach o Sec

verage Cross-Section Average Cross-Section
Reach A-B , Reach B-C
) |-— 24 ¥ >
A — =
TED, ST %‘% : d Table 12-8, p. 18
qost — 1 —

Table C-ECM-15-3, VSWHB

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



Exercise - (3) Channel Stability

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Would the Channel erOde
under bankfull conditions?

C
520" 0 1.5

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

00 6+00 12+00 18+00 24400 30+00 36+00
Stream Profile

Horizontal Scale: 1" = 600'
Vertical Scale: 1" = 20'

® Indicates points where cross-sections were plotted to
determine average cross-section of each reach o Sec

verage Cross-Section Average Cross-Section
Reach A-B Reach B-C
o |- 24 = »>|
s — =
T, . s %ﬂ > d Table 12-8, p. 168
4.5 e fe—— 14—

Table C-ECM-15-3, VSWHB

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



Exercise - (4) Adjust for 2-yr depth

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 2_ye =18 d e pth :
AB d=1.75 feet

%520" 0 1.5

BC d=3.5 feet

00 6+00 12+00 18+00 24400 30+00 36+00
Stream Profile

Horizontal Scale: 1" =
Vertical Scale: 1" =

® Indicates points where cross-sections were plotted to
determine average cross-section of each reach

verage Cross-Section Average Cross-Section
Reach A-B , Reach B-C
|- 24 »|
95" ——v T 0
. 5t
»{4.5 = fe—— 14—

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



Exercise - (4) Adjusted AB
Hydraulic Radius

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Use formula from Table 12-2, P. 8,
And b=4.5 ft d=1.75ft z=1

C
%520" 0 1.5

AB = 1680 ft o bd d>2
slope = 1.8% R = Wi )

(b +2dVZZ + 1)

00 6+00 12+00 18+00 24400 30+00 36+00

(45X 17541 x 1.75%)

© Indicates poi t were plotted to R -
determine averag t f h reach ,—
ge Cross-Section Average Cross-Section (4'5 + 2 X 1'75 1 + 1)
Reach A-B Reach B-C
|-— 24 >

T U .
T > =il D g =

»{4.5' = f—— 14— . 10.9 .

1.2

= o7 =
12a. | CHANNEL ANALYSIS AND INPUTS | Pg. 20-21




Exercise - (4) Adjusted AB velocity

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Manning's Equation’ p 4’
n=0.03 R=1.2 s=0.018 ft/ft

C
520" 0 1.5

AB = 1680 ft

slope = 1.8% V- 149><R2/3><\/_

00 6+00 12+00 18+00 24+00 30+00 36+00 n

Stream Profile
ontal Scale: 1" = 600'
S 1

Hor1izont
Vertical Scale: 1" =20
® Indicates points where cross-sections were plotted to 1 49
determine average cross-section of each reach X 1 2 2/3 X O O 1 8
n
verage Cross-Section Average Cross-Section O O 3
Reach A-B , Reach B-C
) |- 24 »|
95" — L) =
. 5
4.5}« f— 14—

V=75ft/sec >6.0ft/sec

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



Exercise - (4) Adjusted BC
Hydraulic Radius

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Use formula from Table 11-2, P. 8,

L TEASEAC AN /\nd b=14 ft d=3.5 ft z=1
. . slope =1.6%

520" 0 1.5

00 6+00 12+00 18+00 24400 30+00 36+00

(bd + zd?)

(b +2dVZZ + 1)

~ (14 x35+1x3.5%

@ Indicates poi t were plotted to R -
determine averag t f h reach — \/2—
ge Cross-Section Average Cross-Section (14 + 2 X 3'5 1 + 1)
Reach A-B Reach B-C
|~— 24 >/

b 5!
Ty, g n : U 61

a5 — 1 — _

2.5

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



Exercise - (4) Adjusted BC velocity

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7 Manning's Equation’ p 4’
n=0.03 R=2.5 s=0.016 ft/ft

\ . g BC = 2520 ft
° slope = 1.6%
—

1.49
V=——XR?*3x.[s

00 6+00 12+00 18+00 24+00 30+00 36+00 n

Stream Profile
ontal Scale: 1" = 600'
S 1

Hor1izont
Vertical Scale: 1" =20
® Indicates points where cross-sections were plotted to 1 49
determine average cross-section of each reach X 2 5 2/3 X O O 1 6
n
verage Cross-Section Average Cross-Section O O 3
Reach A-B , Reach B-C
) |- 24 »|
95" — L) =
. 5
4.5}« f— 14—

V =11.6 ft/sec >6.0 ft/sec

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



Continuity Equation
(Evaluating Capacity)

Continuity Equation used to
evaluate channel capacity

Q=VxA

Q = flow rate (cfs)

V = velocity

(from Manning’s, fps)

A = Cross-sectional area (ft?)

cfs = fps * ft?

12b. | CONTINUITY EQUATION | Pg. 22




Continuity Equation
(Evaluating Capacity)

Discharge Equation Continuity Equation simplifies
to Discharge Equation.

Q=(1.49/n)*S1/2*R23"A

Q = flow rate (cfs)

V = velocity

(from Manning’s, fps)

A = Cross-sectional area (ft?)

cfs = fps * ft?

12b. | CONTINUITY EQUATION | Pg. 22




Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the
channel accommodate?

Q=VxA
Remember under
Q = flow rate (cfs) bankfull conditions:
V = velocity AB velocity = 8.7 ft/sec
(from Manning’s, fps) BC velocity = 14.2 if/sec

A = Cross-sectional area (ft?)

cfs = fps * ft?

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




Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the
channel accommodate?

Q=VxA
Remember under
Q = flow rate (cfs) bankfull conditions:
V = velocity AB velocity = 8.7 ft/sec
(from Manning’s, fps) BC velocity = 14.2 if/sec

A = Cross-sectional area (ft?)

A = (bd + zd?)
AAB — 175, ABC= 95

cfs = fps * ft?

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




Continuity Equation Exercise (5)

Using previous exercise,

what flow rate can the
channel accommodate?

Q=VXxA
Remember under
Q,g = 8.7 ft/sec x 17.5 sf bankfull conditions:
= 152 cfs AB velocity = 8.7 ft/sec

BC velocity = 14.2 ft/sec

Qg = 14.2 ft/sec x 95 sf
= 1,349 cfs

A = (bd + zd?)
AAB — 175, ABC= 95

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



Continuity Equation Exercise (5)

Is there a problem? AB reach
Pre-dev. Q,, = 95 cfs
Q=VxA Post-dev. Q,, =170 cfs

Q,g = 8.7 ft/sec x 17.5 sf BC reach
=152 cls Pre-dev. Q; = 500 cfs

Post-dev. Q;, = 585 cfs
Q. = 14.2 ft/sec x 95 sf

= 1,349 cfs

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



Continuity Equation Exercise (5)

Is there a problem? AB reach
Pre-dev. Q,, = 95 cfs
Q=VxA Post-dev. Q,, =170 cfs

BC reach

Q,, = 8.7 ft/sec x 17.5 sf BL reacn
Qup = 152 cfs Pre-dev. Q,, = 500 cfs

Post-dev. Q;, = 585 cfs

Q. = 14.2 ft/sec x 95 sf
Qg = 1349 cfs

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



Continuit

YES!

Equation Exercise (5)

Post-development discharge

AB reach

Pre-dev. Q,, = 95 cfs
Post-dev. Q;, = 170 cfs

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

Q=VxA

Q,, = 8.7 ft/sec x 17.5 sf BC reach
Qup = 152 cfs Pre-dev. Q,, = 500 cfs

Post-dev. Q;, = 585 cfs
Q. = 14.2 ft/sec x 95 sf

Qg = 1349 cfs

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



Q&A - Exercise (1) - (5)

STREAM PROFILE AND SECTIONS FOR EXAMPLE 5-7

Channel Stability

Channel Capacity

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



Module 12c.

Channel Computations Summary



Channel Computations Summary

* Review pages 24-30

12¢. | 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)

12¢. | CHANNEL COMPUTATIONS SUMMARY | Pg. 24



Channel Computations Summary

12¢. | CHANNEL COMPUTATIONS SUMMARY | Pg. 26
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IIOWTI W2 (CTS) = ZLO.DD Top Width (ft) =
EGL (ft) = 127

(Sta, El, Nn)(Sta, EI, n)...
{ 0.00, 30.00)-(€.00, 29.00, 0.022){7.S0. 28.00, 0.022)(14.00. 28.00. 0.022)(15.00. 29.00. 0.022)(18.00. 29.75, 0.022)

Depth (ft)

Elev (O Section
3.00

31.00 = i I i T I x :




Module 12d.

Reviewing Channel Design



Reviewing Channel Design

 VSWHB C-ECM-09/ Applicable P-BMP

e 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’

e Qutlet protection (C-ECM-15)

* Appropriate channel lining (stable under runoff velocity)
e Grass-lined stabilized by perm. seeding and/or sod spec.
* Erosion netting

e Riprap use Std & Specs (C-ECM-13)

12d. | REVIEWING CHANNEL DESIGN | Pg. 3|



C-ECM-09 Stormwater Conveyance
Channel T'YPICAL WATERWAY

CROSS—SECTIONS

COMPACTED SOIL

s e

L3

===

=

TYPICAL CONCRETE LINED DITCH
TYPICAL VEE CROSS-SECTIONS

TYPICAL GRASS LINED DITCH

.

fe T

L
D

I}

PARABOLIC WATERWAY CROSS—SECTION

TYPICAL RIRRAP CHANNEL

O

& o
(KEY IN CLOTH)

-

MEI=EE]

FILTER CLOTH NOTE: ALTHOUGH FILTER CLOTH IS
PREFERED, A GRANULAR FILTER MAY BE SUBSTITUTED FOR
FILTER CLOTH. ( FOR PHYSICAL REQUIREMENTS, SEE STD. &

SPEC. 3.19, RIPRAP)

TYPICAL CONCRETE CHANNEL

EXPANSION JOINT
(80" SPACING) , <] |

#4—18" DOWEL A 1‘
LOCATED AT JOINTS

6X6 WELDED WIRE FABRIC
AS REQUIRED

s _ . e 3" DIA. WEEP
BELHER IR : 5 HOLE. 8" o.c.
9s-039%3303:033 2822

SECTION A-A

TRAPEZOIDAL WATERWAY CROSS-SECTIONS



Module 12 Problems

* Review problems on your own

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



Questions?
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