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STORMWATER CONCEPTS
Pennsylvania Surveyors Conference 2023

Rational Method, Pipe Sizing, and Conveyance
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TOPICS COVERED

◆ Rational formula for peak runoff flows

◆ Manning’s equation for pipe sizing 

◆ Manning’s Equation for swale design for overland flow



CONVEYANCE WORKSHOP OUTCOMES

◆ Estimate peak flow rates using the Rational Equation

◆ Size a channel using Manning’s Equation

◆ Use Manning’s equation to analyze and size channels and pipes flowing partially 
full

◆ Use the hydraulic elements chart for circular pipes to determine flow area, 
depth and velocity design conditions



REVIEW BASIC CONCEPTS

◆ Water flows down hill

◆ We look at the effects of stormwater and development at certain points of 
interest

◆ Evaluate the effects using different methodologies and software

◆ Try to develop a reliable answer using consistent and correct application of the 
appropriate method

◆ There is no one right answer, but there are wrong answers

◆ Concepts need to be understood.  Application needs to be practiced.



REVIEW BASIC CONCEPTS

◆ Criteria to needed to analyze stormwater runoff

❖ Precipitation (rainfall) Event

❖ Area

❖ Cover

❖ Intensity 

 Response of the land

 Time of Concentration



REVIEW BASIC CONCEPTS

◆ Precipitation (rainfall) Event

❖ What design storm(s)?

❖ What region of the state or country are we in?

◆ Area

❖ Determine point(s) of interest (POI)

 Where are we interested in looking?

 Determine in pre not post



REVIEW BASIC CONCEPTS

◆ Cover

❖ Identify the cover types in combination with the hydrologic soil type

❖ Calculate the cover coefficient

◆ Intensity (Response)

❖ Determine the time of concentration

❖ What is the longest amount of time any one drop of water in the drainage area will 
take to get to the POI

❖ Longest hydraulic length



RATIONAL
FORMULA



RATIONAL FORMULA

◆ The equation

❖ q = peak flow in ft3/s

❖ C = runoff coefficient varying from 0 to 1

❖ i = rainfall intensity in in/hr

❖ A = watershed area in acres.

Oldest & most common method for peak flow calculation

q CiA=



ASSUMPTIONS/LIMITATIONS

◆ Uniform rainfall intensity over the watershed occurs.

◆ Uniform rainfall intensity for the entire duration of the storm also occurs.

◆ The duration of the rainfall intensity (storm) is equal to the watershed time of 
concentration.

◆ The return period of peak flow is equal to return period of rainfall intensity
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3

acre-in

hr

acre-in in ft hr 43,560ft
acres

hr hr 12in 3600sec acres

acre-in ft
1.008

hr sec

q CiA= =

=    

=

EQUATION UNITS

◆ Units are not homogeneous, but the units still work out as follows:

Essentially the same–close enough for hydrology!



▪ Standard C chart

▪Wide variation in values

▪ Judgment needed

RUNOFF COEFFICIENTS



RUNOFF COEFFICIENTS BY RAWLS



ECHO VALLEY WATERSHED

◆ Watershed from Part 1 
workshop to illustrate the 
application of the Rational 
method



RUNOFF COEFFICIENTS - LAND USE/COVER FROM GOOGLE



Land Use
Forest:   60.3 ac

Open space:   29.8 ac

Residential (1 A lots):     6.5 ac

Residential (1/3 A lots):   13.2 ac

Residential (1/4 A lots):   50.7 ac

Municipal Park: 8.5 ac

Total: 169.0 ac

LAND USE FROM GOOGLE AND FIELD SURVEY



◆ For watersheds with multiple land uses

i i
w

i

C A
C

A


=



RUNOFF COEFFICIENT WEIGHTING

drainage area of each individual land use=Ai

runoff coefficient of each individual land use=Ci

Weighted runoff coefficient=Cw

drainage area of each individual land use=Ai

runoff coefficient of each individual land use=Ci

Weighted runoff coefficient=Cw



◆ Compute the weighted runoff coefficient Cw and 10-yr peak flow for the Echo 
Valley Watershed knowing that the soils are Type C, and slopes are 6+%. 

Land use C A C x A

Forest 60.3

Open space 29.8

Residential 1 acre 6.5

Residential 1/3 acre 13.2

Residential 1/4 acre 50.7

Municipal Park 8.5

169.0

........... ...........
weightedC = =

WORKSHOP PRACTICE 1:



◆ Cw for Echo Valley Watershed

❖ C soils, S = 6+%, 10 yr. event

Land use C A C x A

Forest 0.16 60.3   

Open space 0.24 29.8

Residential 1 acre 0.31 6.5

Residential 1/3 acre 0.34 13.2

Residential 1/4 acre 0.36 50.7

Municipal Park 0.24 8.5

169.0

........... ...........
weightedC = =

WORKSHOP PRACTICE 1:



◆ Cw for Echo Valley Watershed

❖ C soils, S = 6+%, 10 yr. event

........... ...........
weightedC = =

WORKSHOP PRACTICE 1:



◆ Cw for Echo Valley Watershed

❖ C soils, S = 6+%, 10 yr. event

WORKSHOP PRACTICE 1:

43.60
0.26

169.0
C = =



◆ Three flow types

❖ Sheet – kinematic wave

❖ Concentrated overland – “average velocity” method 

❖ Channel – Manning’s equation

TIME OF CONCENTRATION - NRCS SEGMENTAL METHOD



◆ Compute time of concentration for 
the Echo Valley watershed with the 
data provided on the following pages.

WORKSHOP PRACTICE 2: 



1. Sheet

2. Concentrated #1

3. Pipe

4. Concentrated #2

5. Channel

ECHO VALLEY WATERSHED – FIVE FLOW SEGMENTS



ECHO VALLEY WATERSHED

0.8

0.5 0.5

2

0.42 nL
T

P S

 
=  

 

n = 0.24 (Table 3.1 TR-55)

Tt = 11.3 minutes



ECHO VALLEY WATERSHED

Tt = 11.1 minutes

woodland 0.5302

L
T

S
=



ECHO VALLEY WATERSHED

Tt = 1.1 minutes

0.67 0.589.2 h

nL
T

R S
=

Manning’s channel flow

circ. pipe 0.67 0.535.4

nL
T

D S
=



ECHO VALLEY WATERSHED

Tt = 5.8 minutes

grassed waterway 0.5968

L
T

S
=



ECHO VALLEY WATERSHED

Tt = 5.4 minutes

0.67 0.589.2

nL
T

R S
=



◆ Echo Valley Watershed

❖ Tc = T1  + T2 + T3 + T4 + T5

❖ Tc = 11.3 + 11.1 + 1.1 + 5.8 + 5.4 

❖ Tc = 34.7 minutes

NRCS SEGMENTAL METHOD



RAINFALL INTENSITY

◆ Storm duration equals watershed time of concentration

◆ Select an appropriate data source

◆ PennDOT Pub. 584 or Atlas 14 are good choices for Pennsylvania



◆ Estimate the 10-yr rainfall intensity for Echo Valley Watershed using PennDOT 
Pub. 584

WORKSHOP PRACTICE 3: 



◆ Estimate the 10-yr rainfall intensity for Echo Valley Watershed using PennDOT Pub. 584

Region 2 for the 10-yr. event

WORKSHOP PRACTICE 3: 



REGION 2 IDF CURVE (INTENSITY)



◆ Required input data:

◆ C = 0.26 (weighted C value)

◆ i = 2.3 in/hr. (storm duration of 34.9 minutes)

◆ A = 169 acres

q = 101 ft3/s

APPLICATION OF RATIONAL FOR ECHO VALLEY WATERSHED

q CiA=



WORKSHOP PRACTICE: RATIONAL FORMULA

◆ Watershed Description

❖ A watershed containing 182 acres located in Bradford, PA (McKean County)

❖ Rain gage location: Bradford City Hall

❖ Land use, soils data and timing information is provided

❖ Use the Rational formula to compute the 25-yr peak flow



BRADFORD WS LAND USE AND SOILS



BRADFORD WS LAND USE & SOILS



........... ...........
weightedC = =

WEIGHTED C WORKSHEET



BRADFORD WS  TRAVEL TIME DATA



BRADFORD WS TRAVEL TIME DATA



TRAVEL TIME WORKSHEET



ATLAS 14: BRADFORD CITY HALL



25-YR PEAK FLOW

◆ C = 

◆ i (in/hr) = 

◆ A (acres) = 

◆ q (ft3/s) = 



........... ...........
weightedC = =

WEIGHTED C WORKSHEET

55.65
182.3

0.305



TRAVEL TIME WORKSHEET



◆ From Atlas 14: at 30 minutes i = 2.98 in/hr

◆ at 60 minutes i = 1.93 in/hr

◆ Interpolate between these two intensities to get i for tc = 35.2 minutes. 

25-YR RAINFALL INTENSITY

( )
( )35.2

(35.2 30)
2.98 2.98 1.93 2.80 in/hr

60 30
i

−
= − − =

−



25-YR PEAK FLOW

◆ C = 0.305 

◆ i (in/hr) = 2.80 in/hr

◆ A (acres) = 182.3 acres

◆ q (ft3/s) = 155.7 ft3/s



MANNING’S
EQUATION FOR
SWALE DESIGN



◆ Velocity Form

❖ Flow velocity in an open channel with a uniform section geometry and steady flow 
condition is

2 1
3 2

1.49
hv R S

n
=

v = channel velocity (ft/s)

n = channel roughness (flow resistance) factor

Rh = hydraulic radius

S = channel bottom slope in units of ft/ft

MANNING’S EQUATION



CONCRETE LINED OPEN CHANNEL USED IN IRRIGATION



ROUGHNESS VALUES, n

◆ For open Channels



ROUGHNESS VALUES, n

◆ For closed conduits (open channel flow)



ROUGHNESS VALUES, n

Other sources for Manning’s n values:

◆ AISI, Modern Sewer Design, 4th Edition, 1999.

◆ ASCE, Design and Construction of Urban Stormwater Management Systems, 
1992.

◆ Chow, V. T. Handbook of Hydraulics, McGraw-Hill, 1959.

◆ Seybert, T. A. Stormwater Management for Land Development, 2nd Edition, 
Amazon, 2018.



2 1
3 2

1.49
hv R S

n
=

flow area

wetted perimeter of flow area
h

A
R

P
= =

A

P

water surface

HYDRAULIC RADIUS



TYPICAL SECTION GEOMETRIES FOR OPEN CHANNELS
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ANALYZING CHANNEL FLOW CAPACITY

◆ Use the flow rate form of the equation

◆ The most commonly used form

If flow rate is 

then Manning’s can be rewritten as …

2 1
3 2

1.49
hq A R S

n
=

q vA=



◆ Compute the flow in a rectangular concrete channel (float finish) having 
bottom width of 8 ft, flow depth of 1.5 ft, and bed slope of 1 ft in 130 ft.

EXAMPLE 1:



◆ Roughness, n:   float finish concrete is about 0.015 

◆ Flow area: 

◆ Wetted perimeter: 

◆ Hydraulic Radius: 

A by=

h

A
R

P
=

2P b y= +

59

EXAMPLE 1: TO START, SELECT n; COMPUTE FLOW AREA, WETTED
PERIMETER AND HYDRAULIC RADIUS.

2(8 ft)(1.5 ft) 12 ft= =

8 2(1.5) 11 ft= + =

212 ft
1.091 ft

11 ft
= =



◆ Slope:

◆ Flow rate:

ΔElev
S

L
=

2 1
3 2

1.49
hq A R S

n
=

( )( ) ( )
2 1

2 3 2
1.49

12 ft 1.091 ft 0.00769 ft/ft
0.015

q =

3110.8 ft /sq =

EXAMPLE 1: CONTINUE; COMPUTE SLOPE AND FLOW RATE

1 ft
0.00769 ft/ft

130 ft
= =



◆ Compute the flow in a grassy trapezoidal channel having bottom width of 4 ft, 
side slopes of 3H:1V, flow depth of 0.75 ft, and bed slope of 1 ft in 90 ft.

EXAMPLE 2:



◆ Compute the flow area and wetted perimeter using basic geometry. Remember 
that n = 0.030

❖ Flow area: 

❖ Wetted Perimeter:

( ) 21
(4)(0.75) 2 (3) 0.75) (0.75 4.69 ft

2
A

 
= +  = 

 

( )
224 2 0.75 3 0.75 8.74 ftP = + +  =

EXAMPLE 2:



◆ Hydraulic Radius: 

◆ Slope:

◆ Flow Rate:

4.69
0.537 ft

8.74
h

A
R

P
= = =

EXAMPLE 2: COMPUTE THE HYDRAULIC RADIUS, SLOPE AND FLOW RATE

Δ 1
0.0111 ft/ft

90

Elev
S

L
= = =

2 1
3 2

1.49
hq A R S

n
=

( )( ) ( )
2 1

2 3 2
1.49

4.69 ft 0.537 ft 0.0111 ft/ft
0.030

q =

316.22 ft /sq =



◆ Compute the flow in a rock rip-rap lined trapezoidal channel (n = 0.035) having 
bottom width of    6 ft, side slopes of 5H:1V, on the left, 2H:1V on the right, 
flow depth of 1.2 ft and bed slope of 1 ft in 75 ft.

EXAMPLE 3:

( ) ( ) 21 1
(5) 1.2)(1.2 (6)(1.2) (2) 1.2)(1.2 12.24 ft

2 2
A

   
= + + =   
   

( ) ( )
2 22 21.2 5 1.2 6 1.2 2 1.2 14.80 ftP = +  + + +  =



◆ Compute the hydraulic radius, slope and flow rate. Note roughness n = 0.035

❖ Hydraulic Radius: 

❖ Slope:

❖ Flow rate:

12.24
0.827 ft

14.80
h

A
R

P
= = =

EXAMPLE 3:

Δ 1
0.01333 ft/ft

75

Elev
S

L
= = =

2 1
3 2

1.49
hq A R S

n
=

( )( ) ( )
2 1

2 3 2
1.49

12.24 ft 0.827 ft 0.01333 ft/ft
0.035

q =

353.0 ft /sq =



◆ Compute the flow in a v-shaped gravel bed channel having side slopes of 
5H:1V, center-line flow depth of 15 inches, length of 1200 ft and elevation 
drop of 25 ft.

( )
2

A z y=

( )
222P y zy= +

WORKSHOP PRACTICE 4:

Roughness n for gravel bed channel = 0.035



◆ Solution

❖ Flow area: 

❖ Wetted perimeter:

❖ Hydraulic Radius:

( ) ( )
2 2 25 1.25 7.81 ftA z y= = =

7.81
0.613 ft

12.75
h

A
R

P
= = =

( )
222 1.25 5 1.25 12.75 ftP = +  =

( )
222P y zy= +

WORKSHOP PRACTICE 4:



❖ Slope: 

❖ Flow rate:

Δ 25
0.0208 ft/ft

1200

Elev
S

L
= = =

2 1
3 2

1.49
hq A R S

n
=

( )( ) ( )
2 1

2 3 2
1.49

7.81 ft 0.613 ft 0.0208 ft/ft
0.035

q =

334.6 ft /sq =

WORKSHOP PRACTICE 4: CONTINUED …



◆ Compute the flow in a concrete lined channel (n = 0.015) having bottom width 
of 4 ft, side slopes of 1H:1V, flow depth of 1.25 ft, and bed slope of 0.00375 
ft/ft.

69

WORKSHOP PRACTICE 5:



◆ Compute the flow in a concrete lined channel (n = 0.015) having bottom width 
of 5 ft, vertical wall on the left side and side slope of 1H:1V on the right side, 
flow depth of 2.0 ft, and bed slope of 0.00682 ft/ft.

70

WORKSHOP PRACTICE 6:



◆ Determine the flow of a concrete street and curb gutter as shown in the figure. 
The flow-line slope is 0.0225 ft/ft.

71

WORKSHOP PRACTICE 7:



◆ Practice 5

◆ Practice 6

◆ Practice 7

WORKSHOP PRACTICE



❖ Flow capacity known

❖ Channel dimensions needed

❖ Manning’s equation is applied

❖ Solve equation for dimension related parameters

❖ Typically, a trial-and-error solution

2 1
3 2

1.49
hq A R S

n
=

2
3

1
21.49

h

q n
A R

S
=

SIZE A CHANNEL FOR RUNOFF CONVEYANCE

ARh
2/3 is known as conveyance



◆ Determine the section dimensions of a trapezoidal channel that must carry 24 
ft3/s on a bed slope of 0.0150 ft/ft, grass lining (n = 0.030), and maximum top 
width of 15 ft. The channel bottom must not be less than 2 ft, and the side 
slopes must not be steeper than 4 to 1.

❖ Required conveyance is right side of : 2
3

1
21.49

h

q n
A R

S
=

( )( )

( )

3

1 1
2 2

24 ft /s 0.030
3.95

1.49 0.015 ft/ft1.49

q n

S
= =

EXAMPLE 4:



◆ Select 5 to 1 side slopes, 2 ft wide bottom width to start. Express A and P in 
terms of flow depth y.

❖ Flow area: 

❖ Wetted perimeter: 

75

EXAMPLE 5:

( ) 21
(2)( ) 2 )(5 2 5

2
A y y y y y

 
= + = + 

 

( ) ( )
2 2 22 2 5 2 2 26P y y y= + + = +



◆ Trial 1: Try 1 ft flow depth to see if it will provide 3.95 conveyance. Check top 
width first (must be less than 15 ft)

◆ Trial conveyance based upon trial dimensions is:

( )( )
2 2

3 37 0.574 4.83hA R = =

( )( ) ( )
22 22 5 2 ft 1 ft 5 1 ft 7 ftA y y= + = + =

( )
222 2 26 2 ft 2 26 1 ft 12.20 ftP y= + = + =

7
0.574 ft

12.20
hR = =

( )( )2 ft 2 5 1 ft 12 ft  (OK)T = + =

EXAMPLE 5: CONTINUED…



◆ Compare required conveyance to trial conveyance:

❖ Actual (4.83) is higher than required (3.95) so channel dimensions are adequate. 
However, a lower depth is possible.

◆ Trial 2: Try y = 0.70 ft

( ) ( )
2 22 0.7 5 0.7 3.85 ftA = + =

( )
222 2 26 2 2 26 0.7 9.13 ftP y= + = + =

3.85
0.421 ft

9.13
hR = =

( )( )
2 2

3 33.84 0.421 2.16hA R = =

( )( )2 2 5 0.7 9.00 ft  (OK)T = + =

77

EXAMPLE 5: CONTINUED…



◆ Actual conveyance (2.16) is less than required (3.95) so actual depth is between 
0.7 and 1.0 ft.

◆ Trial 3: Try y = 0.9 ft (top width still OK)

( ) ( )
2 22 0.9 5 0.9 5.85 ftA = + =

( )
222 2 26 2 2 26 0.9  11.18 ftP y= + = + =

5.85
0.523 ft

11.18
hR = =

( )( )
2 2

3 35.85 0.523 3.80 (low)hA R = =

EXAMPLE 5: CONTINUED…

( )( )2 2 5 0.9 11.0 ft  (OK)T = + =



◆ Actual (3.80) is short of the required (3.95) so need to increase depth. Try 0.92 ft 
with results in a summary table.

EXAMPLE 5:



◆ Actual (3.99) is just above (3.95) so it is good!

❖ Final Sizing: Grass lined trapezoidal channel

 y = 0.92 ft 

 T = 11.2 ft 

 b = 2.0 ft

 SS = 5:1 symmetrical

 S = 0.015 ft/ft

 v = 3.95 ft/s

◆ There are several other possible designs.

EXAMPLE 5:



◆ Determine the section dimensions of a trapezoidal channel that must carry 45 ft3/s 
on a bed slope of 0.0107 ft/ft, grass lining, and maximum top width of 25 ft. The 
channel bottom must not be less than 4 ft, and the side slopes must not be steeper 
than 3 to 1.

◆ Final Possible Designs:

EXAMPLE 6:



MANNING’S
EQUATION FOR
PIPE SIZING



◆ Pipes flowing partially full are circular open channels.

◆ Manning’s equation is applied.

◆ Preliminary sizing assumes full-barrel gravity flow. 

◆ Pipe selection automatically creates a design with pipe flowing partially full 
(desired result)

2 1
3 2

1.49
hq AR S

n
=

SIZING A PIPE FOR RUNOFF CONVEYANCE



◆ Hydraulic radius can be simplified for a pipe flowing full….

2

4

D
A


= P D=

2 1

4 4
h

D D
R

D




=  =

SIZING A PIPE FOR RUNOFF CONVEYANCE



◆ Algebraic substitution of A and Rh into Manning’s…

2
2 3 1

2
1.49

4 4

D D
q S

n

  
=  

 

8 1
3 2

0.46
q D S

n
=

SIZING A PIPE FOR RUNOFF CONVEYANCE



◆ Algebraic manipulation, solve for D…

3
8

1
2

(inches) 16
q n

D
S

 
=  

 

3
8

1
2

(feet) 1.33
q n

D
S

 
=  

 

SIZING A PIPE FOR RUNOFF CONVEYANCE



◆ Determine the pipe size necessary to carry 17.5 ft3/sec of flow if the pipe 
material is smooth reinforced concrete and pipe slope is 0.0185 ft/ft.

❖ Roughness for concrete pipe: 0.013

❖ Minimum diameter: 

❖ Manufactured diameters: 18, 24, 30, etc.

3 3
8 8

min 1 1
2 2

17.5 0.013
16 16

0.0185

q n
D

S

   
= =   

   

min 19.40 inchesD =

Use 24” diameter concrete pipe at 1.85%

EXAMPLE 7:



◆ Determine the pipe size necessary to carry 21.8 ft3/s of flow if the pipe material 
is corrugated metal and pipe slope is 0.0220 ft/ft.

❖ Roughness for CMP: 0.024 (typical)

❖ Minimum diameter: 
3 3

8 8

min 1 1
2 2

21.8 0.024
16 16

0.0220

q n
D

S

   
= =   

   

min 25.7 inchesD =

Use 30” diameter CMP (n=0.024) at 2.20%

EXAMPLE 8:



◆ Given a three-pipe network with q, n, S

◆ Determine pipe diameters for each pipe

WORKSHOP PRACTICE 8:

3
8

min 1
2

16
q n

D
S

 
=  

 

Pipe q (ft3/s) n S (ft/ft) Dmin (in) D (in)

1 17 0.011 0.0375

2 33 0.024 0.0282

3 50 0.013 0.0143



◆ Given a three-pipe network with q, n, S

◆ Determine pipe diameters for each pipe

90

WORKSHOP PRACTICE 8 ANSWERS:

Pipe q (ft3/s) n S (ft/ft) Dmin (in) D (in)

1 17 0.011 0.0375 15.79 18

2 33 0.024 0.0282 28.6 30

3 50 0.013 0.0143 30.2 36

3
8

min 1
2

16
q n

D
S

 
=  

 



◆ A tool used to evaluate partial depth 
flow in circular pipes

◆ Works on parameters of flow, flow area, 
flow depth, hydraulic radius and velocity

◆ Use illustrated by example

HYDRAULIC ELEMENTS CHART FOR CIRCULAR PIPES





◆ For the pipe sized in Example 7, determine the full flow capacity of the pipe and 
the design flow depth, y. 

❖ Design flow:  17.5 ft3/s

❖ Design slope:  0.0185 ft/ft

❖ Design diameter:  24” (2 ft)

❖ Roughness for concrete pipe:  0.013

❖ Compute pipe full flow capacity using Manning’s from slide 77 …

EXAMPLE 9:

( ) ( )
8 81 1

3 2 3 2
full

0.46 0.46
2.0 ft 0.0185 ft/ft

0.013
q D S

n
= =

3

full 30.6 ft /sq =



◆ Compute the ratio qdesign to qfull :

EXAMPLE 9: CONTINUED... 

design

3

full

17.5
0.57

30.6 ft /s

q

q
= =

From chart read:     

y/D = 0.53

Thus:

( )0.53 24 iny =

12.72 iny =



◆ For the pipe sized in Example 8, determine the full flow capacity of the pipe qf, 
the design flow depth y and the design velocity, v.

❖ Design flow:  21.8 ft3/s

❖ Design slope:  0.0220 ft/ft

❖ Design diameter:  30” (2.5 ft)

❖ Roughness for corrugated metal pipe:  0.024

❖ Compute pipe full flow using Manning’s from slide 78 …

EXAMPLE 10:

( ) ( )
8 81 1

3 2 3 2
f

0.46 0.46
2.5 ft 0.0220 ft/ft

0.024
q D S

n
= =

3

f 32.7 ft /sq =



EXAMPLE 10: CONTINUED...

◆ Compute pipe full velocity…

( )
22

2

f

2.5
4.91 ft

4 4

D
A


= = =

3

f
f 2

f

32.7 ft /s
6.66 ft/s

4.91 ft

q
v

A
= = =



◆ Compute the ratio q to qf :

EXAMPLE 10: CONTINUED... 

3

f

21.8
0.67

32.7 ft /s

q

q
= =

From chart read:     
y/D = 0.59

Thus:

( )0.59 30 iny =

17.7 iny =



◆ From the chart with y/d = 0.59 read the ratio of v/vf = 1.07

EXAMPLE 10: CONTINUED... 

f

1.07
v

v
=

Thus:

f1.07v v=

( )1.07 6.66 ft/sv =

7.13 ft/sv =



◆ Given a three-pipe network with q, n, S and D
Determine qf, y and v

WORKSHOP PRACTICE 9:

8 1
3 2

f

0.46
q D S

n
=

q
v

A
=

2

f
4

D
A


=



◆ Given a three-pipe network with q, n, S and D
Determine qf, y and v

WORKSHOP PRACTICE 9: ANSWERS

8 1
3 2

f

0.46
q D S

n
=

q
v

A
=

2

f
4

D
A


=



◆ Topics 

❖ Rational formula for peak runoff 
flows

❖ Manning’s equation for pipe 
sizing 

❖ Manning’s Equation for swale 
design for overland flow

◆ Outcomes

❖ Estimate peak flow rates using the 
Rational Equation

❖ Size a channel using Manning’s 
Equation

❖ Use Manning’s equation to analyze 
and size channels and pipes flowing 
partially full

❖ Use the hydraulic elements chart for 
circular pipes to determine flow 
area, depth and velocity design 
conditions

CONVEYANCE WORKSHOP SUMMARY


