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 = (20 ) cfs

Read up to bottom chart to given Pipe Diameter, D = ( 15) inches

Read over to right for median size riprap stone, d(50) = (0.8 ) feet

From Discharge, Q = (20) cfs, read up to top chart to Pipe Diameter, D = ( 15 ) inches

Read to left for Minimum Apron Length, La = (19 ) feet

Wu=3xD
Wau (Upstream Apron Width, feet) = 3 x D (Pipe Diameter, feet)
Wu=3x(1.25) feet = (3.75) feet
Wd =D + La
Wd (Downstream Apron Width, feet) = D (Pipe Diameter feet) + La (Apron Length feet)

Wd = (19) feet + (1.25) feet = (20.25) 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 = (50 ) cfs

Read up to bottom chart to given Pipe Diameter, D = ( 24 ) inches

Read over to right for median size riprap stone, d(50) = (0.7 ) feet

From Discharge, Q = (50 )cfs, read up to top of chart to Pipe Diameter, D = ( 24 )inches

Read to left for Minimum Apron Length, La = (56 ) feet

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

Wu=3x(2.0)feet =(6) feet

Wd =D +0.4xLa

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

Wd=(2)feet+0.4x(56) feet = (24.4) 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=bxd
A (Rectangular Channel Area, square feet) = b (Bottom Width, feet) x d (Depth, feet)
a=(4)feetx (2) feet=(8) 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=(4)feet+2(2)feet=(8) feet

3. For this same channel, what is the Hydraulic Radius, r (feet)?

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r=(8)square feet/ (8) feet= (1) 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=(3)x[(3)feet]®> = (27)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]

pP=2x(3)x[(3)° + 1]¥2 =(19) feet

6. For this same channel, what is the Hydraulic Radius?

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r=(27)square feet/ (19 ) feet = ( 1.5) 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=(bxd)+(zxd?)
Where:
b= bottom width (feet)

d = channel depth (feet)

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

a=[(6)feetx (3)feet] + [(4) x {(3) feet}* ] = (54 ) square feet



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

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

or

1
p=h+2d(z? +1)
p=(6)feet+2x(3)feetx[(4)> +1]¥2 =(30.7) feet

9. For this same channel, what is the Hydraulic Radius, r(feet)?

r (Hydraulic Radius, feet) = a (Area, square feet) / p (Wetted Perimeter, feet)
r=(54) square feet/ (30.7 ) feet = ( 1.76 ) 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=(0.011)to (0.013)

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=(0.035) to ( 0.050)

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
V = %x YR? x \/g
n

or

2
149 2
n

1
V = x S 2

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

S = Slope of the Channel (feet/foot)

V =[1.49/(0.015)] x (1.4)*® x (0.02)"* =(17.5) fps
V =[99.3] x (1.25) x (0.14) = (17.5) 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
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x S?

V =

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

V =[1.49/(0.05)]x (1.5)%® x(0.06)¥ =(9.56) 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(%) = (10.06 ) feet/foot x 100 = (6 )%

Permitted Velocity for Bermuda Grass at Slope (6 )% = (5 )fps ... yes ... change lining from
grass to riprap



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 =(4) feet/second x ( 50 ) quare feet = ( 200 ) cubic feet/second



Rational Formula ESCH V-3
Q=CxixA

Where:
Q(cubic feet/second), Peak Rate of Runoff, is calculated from above equation.

C, Runoff Coefficient, is found from (ESCH V-29, Table 5-2)
T(minutes), Time of Concentration, is calculated for:
overland flow (ESCH V-11, Plate 5-1)
shallow concentrated (ESCH V-12, Plate 5-2)
channel flow (ESCH V-13, Plate 5-3)
I, (inches/hour), Average Rainfall Intensity, from (ESCH V-14 to V-280
A (acres), Drainage Area, determined from USGS maps or topographic survey
1. For a Lynchburg commercial development of 25 acres, with 250,000
square feet of roof top, with 10 acres of asphalt paving for streets and
parking, 4 acres of woodlands, and with the remainder in lawn on heavy
soils with slopes greater than 7%, what is the weighted average runoff
coefficient based upon the highest values of individual runoff coefficients?
Convert roof top area from square feet to acres (1 acre = 43,560 square feet):
A (Area of roof top, acre) = square feet of roof top / 43,560 (square feet)

A (acres) = (250,000 ) square feet / 43,560 square feet = ( 5.74 ) acres

From ESCH V-29, Table 5-2:

Land use: Runoff Coefficient x Area(acres) =C x A
Roof (0.95) x (5.74) = (5.45)

Asphalt Paving (0.95)x(10.0)=(9.5)

Woodlands (0.25)x(4.0 )=(1.0)

Lawn (0.35)x(5.26) =(1.84)

Total CxA=(17.79)

C, Weighted Average Runoff Coefficient = Total C x A / Total A(acres) =(0.71)



2. Given a total time of concentration of 20 minutes for the same
development, what is the peak rate of runoff from a 10-year storm?
From ESCH V-14:
Locate Time of Concentration, T(minutes) = ( 20 )minutes on horizontal axis.
Locate curve for given storm frequency = ( 10 )year.

From horizontal axis, read up to curve for given storm frequency, and read to left to
vertical axis for rainfall intensity:

Rainfall intensity, i (in/hr) = (4.1) in/hr.

Weighted average runoff coefficient, calculated from previous problem, C = (

Q=CxixA

Q (Peak rate of runoff, cfs) = (0.71) x (4.1) x (25) = (72.8 )cfs



Graphical Peak Discharge Method (TR-55) ESCH V-31
d, :qnxAmepr

Where:

gp = Peak Discharge (cubic feet / second)
gu = Unit Peak Discharge (csm/ in)
A, = Drainage Area (square miles)
Q = Runoff (inches)
Fp = Pond and Swamp Adjustment Factor

1. If the soil is nearly impervious clay with a high water table and has a high
runoff potential, what is the Hydrologic Soil Group?

From Tables 5-4, ESCH V-32:
Hydrologic Soil Group= (D)

2. Given a residential district with %2 acre lots, what is the Runoff Curve
Number for Hydrologic Soil Group C?

From Table 5-5, ESCH V-56 to 59:
Runoff Curve Number, CN = (80)

3. Given a site with soils consisting of deep well-drained sands with 3 acres
of impervious area, 2 acres of grass in fair condition, and 4 acres of woods
in fair condition, what is the weighted Curve Number?

From Table 5-4, ESCH V-32:
Hydrologic Soil Group = (A)

From Table 5-5, ESCH V-56 to 59:

Land use: Curve Number x Area = CNxA
Impervious (98) x (3) = (294)
Grass (49) x (2) = ( 98)
Woods (36) X (4) = (144)

Total CN x A = (536)

CN, Weighted Average Runoff Curve Number = Total CN x A / Total A(acres) = (60)

4. If 3% of the watershed consists of ponds and swamps, what is the Pond
and Swamp Adjustment Factor, Fp?

Percentage of pond and swamp areas = ( 3% ).
From Table 5-10, ESCH V-65, Fp = (0.75).



