DAY 2 Work Problems

e QOutlet Protection

e Open Channel Flow

e Manning’s Equation

e Time of Concentration

e Rational Formula

e Graphic Peak Design Method (TR55)



OUTLET PROTECTION CALCULATIONS ESCH I111-154-165

1. Given a discharge of 20 cfs from a 15 inch pipe into water depth less than half
the pipe diameter (Minimum Tailwater Condition), what is the apron length,
La (feet); median stone size of riprap, d(50); upstream apron width, Wu (feet);
and downstream apron width, Wd (feet), required for outlet protection?

From ESCH 111-164, Plate 3.18-3 (Minimum Tailwater Condition)

On the bottom horizontal axis, select the given Discharge, Q = ( ) cfs
Read up to bottom chart to given Pipe Diameter, D = ( ) inches
Read over to right for median size riprap stone, d(50) = ( ) feet
From Discharge, Q = ( ) cfs, read up to top chart to Pipe Diameter, D = ( ) inches
Read to left for Minimum Apron Length, La = ( ) feet
Wu=3xD

Wau (Upstream Apron Width, feet) = 3 x D (Pipe Diameter, feet)
Wu =3 X ( ) feet = ( ) feet
Wd =D + La
Wd (Downstream Apron Width, feet) = D (Pipe Diameter feet) + La (Apron Length feet)

wWd = ( ) feet + ( ) feet = ( ) feet






2. From a 24 inch pipe flows 50 cfs into water depth greater than half the pipe
diameter (Maximum Tailwater Condition), what is the apron length, LA (feet);
median stone size, d(50); upstream apron width, Wu (feet); and downstream
apron width, Wd (feet), required for outlet protection?

From ESCH 111-165, Plate 3.18-4 diameter (Maximum Tailwater Condition)

On the bottom horizontal axis, select the given Discharge, Q = ( ) cfs
Read up to bottom chart to given Pipe Diameter, D = ( ) inches
Read over to right for median size riprap stone, d(50) = ( ) feet
From Discharge, Q = ( )cfs, read up to top of chart to Pipe Diameter, D = ( )inches
Read to left for Minimum Apron Length, La = ( ) feet
Wu=3xD

Wu (Upstream Apron Width, feet) = 3 x D (Pipe Diameter, feet)

Wu=3x( ) feet = ( ) feet

Wd =D +0.4xLa

Wd (Downstream Apron Width, feet) = D (Pipe Diameter, feet) + 0.4 x La (Apron Length, feet)

wd = ( ) feet + 0.4 x ( ) feet = ( ) feet






OPEN CHANNEL FLow  ESCH V-96 to 141

1. What is the cross-sectional area (a) of a rectangular channel with a bottom (b)
width of 4 feet and a depth (d) of 2 feet?

a=hbxd

A (Rectangular Channel Area, square feet) = b (Bottom Width, feet) x d (Depth, feet)

a=( ) feet x ( ) feet = ( ) square feet
2. For this same channel, what is the Wetted Perimeter, p (feet)?
p=b+2d

P (Wetted Perimeter, feet) = b (Bottom width, feet) + 2 x d (Depth, feet)

p=( ) feet + 2( ) feet = ( ) feet
3. For this same channel, what is the Hydraulic Radius, r (feet)?
a
r=—
p

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r={( ) square feet/ () feet =( ) feet

4, For a 3 feet deep triangular channel with side slopes of 3 feet horizontal to 1
foot vertical (3:1), what is the cross-sectional area?

For Triangular Channel Area:
a=1zxd?

Where:
d = channel depth (feet)

z = channel side slopes of Horizontal Distance [z =( ) to vertical distance = 1]

a=( ) x [( ) feet]? = ( ) square feet



5. For this same channel, what is the Wetted Perimeter, p (feet)?

p=2xd[(z2 +1)

or

1
p=2xd(z?+1)2

Where:
p= Wetted Perimeter (feet)
d = channel depth (feet)

z = channel side slopes of Horizontal Distance [z = ( ) to vertical distance = 1]

p=2x( ) X [( P+ 11" = () feet
6. For this same channel, what is the Hydraulic Radius?
a
r=—
p

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r=( ) square feet/ () feet =( ) feet

7. For a trapezoidal channel 3 feet deep, bottom width of 6 feet and 4:1 side
slopes, what is the cross-sectional area (a)?

For trapezoidal area:
a=(b><d)+(z><d2)
Where:
b= bottom width (feet)
d = channel depth (feet)

z = channel side slopes of Horizontal Distance [z = ( ) to vertical distance = 1]

a=|[( ) feet x ( ) feet] + [( ) x {( ) feet}?]=( ) square feet



8. For this same channel, what is the Wetted Perimeter, p (feet)?

p=b+2d/(z2 +1)

or

p :b+2d(z2 +1)%

p=( ) feet + 2 x ( ) feet x [( Y +11%2 =( ) feet
9. For this same channel, what is the Hydraulic Radius, r(feet)?
a
r=—
p

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r=( ) square feet/ () feet =( ) feet









Manning’s Roughness Coefficients, n
Training Notebook for Plan Reviewers, Table 5.1, Page V-5
ESCH V-61, 62, 63

10. What is the range of Manning’s Roughness Coefficient for concrete pipe?
n=( ) to( )
11. What is the range of Manning’s Roughness Coefficient for a winding natural

stream channel with some pools and shoals, some weeds and stones?

n=( ) to ( )

12. Given a concrete lined triangular channel, with Manning’s Roughness
Coefficient, n = 0.015; Slope, S = 0.02 feet/foot slope; and Hydraulic Radius,
R = 1.4, what is the velocity of flow in this channel?

Manning’s Equation

\Y =%x3\/R2 x\/g
n

or

2 1
\Y :1'49><R3><S2
n

Where:
V = Velocity (fps)
n = Manning’s Roughness Coefficient
R = Hydraulic Radius (feet)

S = Slope of the Channel (feet/foot)

V =[1.49/( )1 X ( ) x( 2= ) fps



13. For a Bermuda grass lined channel, with a Manning’s Roughness Coefficient,
n = 0.05, Slope, S = 0.06 feet/foot, and Hydraulic Radius, R = 1.5, what is the
velocity of flow in this channel and does it exceed the permissible velocity for
Bermuda grass?

V :gxi/?x\/g
n
or

2
149 %
n

1
x S?

V =

Where:
V = Velocity (fps)
n = Manning’s Roughness Coefficient
R = Hydraulic Radius (feet)
S = Slope of the Channel (feet/foot)

V=[149/( ) ( )*% X ( )2 =( ) fps

From ESCH V-120, Table 5-14, Permissible Velocities for Grass-Lined Channels
S =5x100
Where:
S = Channel Slope (%)
s = Channel Slope (feet/foot)
S(%) = ( ) feet/foot x 100 = ( )%

Permitted Velocity for Bermuda Grass at Slope ( )% = ( )fps



14. What is the flow rate of a channel with a velocity (V) of 4 feet/second and a
cross-sectional area (A) of 50 square feet?

Continuity Equation:
Q=VxA
Where:
V = Velocity (feet/second)

A = Area (square feet)

Q=( ) feet/second x ( ) quare feet = ( ) cubic feet/second
























Time of Concentration ESCH V-4

Overland Flow <300 feet

1. What is the Time of Concentration, T(minutes), for a Length, L(feet) =
200 feet, over an average grass surface, with a 4% slope.

From ESCH V-11, Plate 5-1, Seelye Chart

Select on left vertical axis the Length = ( )feet

From that point draw a line through Average Grass Surface to pivot line.
Draw a line from pivot line through the Slope = ( )%

Read on right vertical axis, Time of Concentration, T = ( )minutes.






Shallow Concentrated Flow < 1000 feet

2. For shallow concentrated flow over pavement for 500 feet (L) and 2%
slope (s), what is the Time of Concentration?

From ESCH V-11, Plate 5-2

Convert slope in % to slope in feet/foot:

5. S
100
Where:

s= Slope (%)
S = Slope (feet/foot)
Slope, S =( )% /100 = ( )feet/foot
On the left vertical axis select the Slope, S = ( )feet/foot
Read over horizontally to line marked “Paved”, and read down to determine
Average Velocity, V = ( )feet/second

T= L
60xV

T (Time of Concentration, minutes) = L (Length, feet) / [60 x V (Velocity (feet/second)]

T=( )feet / [60 x ( )feet/second] = ( )minutes






Channel Flow

3. Given a channel with a hydraulic radius of 2.0, a slope equaling 0.5%,
and a Manning’s Roughness Coefficient, n = .02, what is the Time of
Concentration of flow through a channel over a length of 1000 feet?

From the Nomograph for Solution of Manning’s Equations — Attached

On left vertical axis select Hydraulic Radius = ( )
Draw line through Slope = ( )feet/foot to pivot line
From pivot line draw line through Manning’s Roughness Coefficient, n = ( )
Read from right vertical axis the Velocity, V = ( )feet/second
T= 60|:<V

T (Time of Concentration, minutes) = L (Length, feet) / [60 x V (Velocity (feet/second)]

T=( )feet / [60 x ( )feet/second] = ( )minutes

4. \What is the total time of concentration?

Total Time of Concentration,
T = Overland Flow Time + Shallow Concentrated Flow Time + Channel Flow Time

T=( )minutes + ( )minutes + ( )minutes = ( )minutes








