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Module 7 Work Problem Answers  

7a. SEDIMENT TRAP CALCULATIONS ESCH III-70-76  

1. Given a total drainage area of 2.5 acres, what is the total volume (V) of sediment trap 
required? 

V = A × 134 

V (Total Volume, cubic yards) = A (Total Drainage Area, acres) x 134 (cubic yards/acres) 

V = ( 2.5 ) acres x 134 (cubic yards/acres) = ( 335 ) cubic yards 

2. If the drainage area is 1.5 acres, what volume (V) is required for the permanent pool for 
wet storage? 

V = A × 67 

V (Perm. Pool Vol., cubic yards) = A (Total Drainage Area, acres) x 67 (cubic yards/acre) 

V = ( 1.5 ) acres x 67 (cubic yards/acres) = ( 100.5 ) cubic yards 

3. For a total drainage are of 2.8 acres, how much volume (V) is required for the 
temporary pool or drawdown volume for dry storage? 

V = A × 67 

V (Temp. Pool Vol., cubic yards) = A (Total Drainage Area, acres) x 67 (cubic yards/acres) 

V = ( 2.8 ) acres x 67 (cubic yards/acres) = ( 187.6 ) cubic yards 

4. If the sediment trap receives drainage from 0.75 acres of disturbed area onsite and 
receives runoff from 1.5 acres of undisturbed area offsite, at what volume (V) should 
sediment be removed? 

𝑉 = 𝐴 ×
67

2
= 𝐴 × 33.5 

V (Sediment Vol., cubic yards) = A (Total Drainage Area, acres) x 33.5 (cubic yards/acres)  
V = ( 2.25 ) acres x 33.5 (cubic yards/acres) = ( 75.4 ) cubic yards 

5. What is the minimum length (L) of outlet required for a sediment trap with a  
drainage area of 1.9 acres? 

𝐿 = 𝐴 × 6 

L (Outlet Length, feet) = A (Total Drainage Area, acres) x 6 (feet/acre) 

L = ( 1.9 ) acres x 6 (feet/acres) = ( 11.4 ) feet 
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6. If a sediment trap has a 4.5 feet high embankment, what is the minimum top width 
required on the embankment? 

From ESCH III-74, Plate 3.13-1 

Embankment Height, H = ( 4.5 ) feet  Top Width, W = ( 4.0 ) feet 

  
Source: VESCH, Chapter 3.13 
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7b. SEDIMENT BASIN CALCULATIONS ESCH III-77-115  

1. For a total drainage area of 25 acres, what volume (V) sediment basin is required? 

𝑉 = 𝐴 × 134 

V (Total Volume, cubic yards) = A (Total Drainage Area, acres) x 134 (cubic yards/acre) 

V = ( 25 ) acres x 134 (cubic yards/acre) = ( 3,350 ) cubic yards 

2. If the total drainage area is 18 acres, what is the volume (V) of the permanent pool or 
wet storage? 

𝑉 = 𝐴 × 67 

V (Perm Pool Vol., cubic yards) = A (Total Drainage Area, acres) x 67 (cubic yards/acres)  

V = ( 18 ) acres x 67(cubic yards/acres) = ( 1,206 ) cubic yards 

3. Given 5 acres of disturbed area onsite and 10 acres undisturbed above the site but 
draining to the sediment basin, what is the required volume (V) of the temporary pool 
or drawdown volume? 

𝑉 = 𝐴 × 67 

V (Temp. Pool Vol., cubic yards/acres) = A (Total Drainage Area, acres) x 67 (cubic yards/acres)  

V = ( 15 ) acres x 67(cubic yards/acre) = ( 1005 ) cubic yards 

4. Given that the sediment cleanout level shall be no more than one foot below the 
dewatering device, determine the maximum volume (V) of sediment that will require 
removal from the permanent pool of a sediment basin serving 27 acres? 

𝑉 = 𝐴 ×
67

2
= 𝐴 × 33.5 

V (Sediment Vol., (cubic yards) = A (Total Drainage Area, acres) x 33.5 (cubic yards/acres) 

 V = ( 27 ) acres x 33.5(cubic yards/acres) = ( 904.5 ) cubic yards 
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5. If a plan shows a sediment basin with a flow length of 125 feet, what is the maximum 
effective width required such that no baffles are required? 

𝐿

𝑊𝑒
= 𝑥,     x ≥ 2 ... no baffles required; x < 2 ... baffles required 

L (Flow length, feet) / We (Effective Width, feet) ≥ 2 (no baffles; < 2 (baffles required) 

𝐿

𝑊𝑒
= 2          or     𝑊𝑒 =

𝐿

2
 

We (feet) = L (feet) / 2 = ( 125) feet / 2 = ( 62.5 ) 

6. What is the minimum top width of a sediment basin embankment with a height of 15 
feet? 

From ESCH III-80: 

Embankment Height Minimum Top Width 
< 10 feet 6 feet 
10-14 feet 8 feet 
15 feet (max) 10 feet 

H (Embankment Height, feet) = ( 15 ) feet 

T (Minimum Top Width, feet) = ( 10 ) feet 

7. What is the size of two anti-seep collars given a 3 feet diameter barrel with a 
saturated length of 85 feet? 

From ESCH III-106, Plate 3.14-12: 

On the lower chart, select the saturated length. 

Saturated Length, Ls = ( 85 ) feet 

Read across chart to number of collars. 

Number of Collars = ( 2 ) 

Read up to top of chart to pipe diameter. 

Pipe Diameter, D = ( 3 ) feet 

Read across chart to size of anti-seep collars. 

Size of Anti-Seep Collars = ( 7.3 ) feet x ( 7.3 ) feet
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BONUS  

More Sediment Basin Problems and Answers   

1. What is the diameter in inches of the dewatering orifice for a sediment basin draining 
15 acres? 

A. Determine temporary pool or dry storage volume. 

𝑉 = 𝐴 × 67 

V (Temp. Pool Vol., cubic yards) = A (Drainage Area, acres) x 67 (cubic yards/acres)  

V = ( 15 ) acres x 67(cubic yards/acres) = ( 1005 ) cubic yards 

B. Convert temporary pool volume from cubic yards to cubic feet.  

cubic feet = cubic yards x 27  

V (Temp. Pool Vol., cubic feet) = V (Temp. Pool Vol., cubic yards) x 27  

V (cubic feet) = ( 1005 ) cubic yards x 27 = ( 27,135 ) cubic feet 

C. What is the flow rate through the orifice for a 6 hour drawdown? 

𝑄 =
𝑉

𝑡
 

where 

t = drawdown time in seconds (6 x 60 x 60) or   𝑄 =
𝑉

21,600
 

Q (Flow Rate, cubic feet/second) = V (Temp. Pool Volume, cubic feet) / 21,600 (seconds) 
Q (cubic feet/second) = ( 27,135 ) cubic feet / 21,600 (seconds) = ( 1.26 ) cfs 

D. If the maximum possible head is 2 feet, what is the average driving head? 

ℎ =
𝐻

2
 

h (Average Driving Head, feet) = H (Maximum Possible Heat, feet) / 2 
H (feet) = ( 2 ) feet / 2 = ( 1 ) feet 
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E. Given the Flow Rate, Q, from C and the Average Driving Head, h, from D, what is the 
orifice area? 

𝐴 =
𝑄

(√64.32 × ℎ) × 0.6
 

or 

𝐴 =
𝑄

(64.32 × ℎ)
1
2 × 0.6

 

A (Orifice Area, square feet) = Q (Flow Rate, cfs) / {[64.32 x h (average driving, feet)]1/2 x (0.6)} 
A = ( 1.26 ) cfs / {[64.32 x ( 1 ) feet]1/2 x (0.6)} = ( 0.263 ) square feet  
A = (1.26 ) cfs / {[8.02] x (0.6)}= ( 0.263 ) square feet 

F. What is the orifice diameter? 

𝑑 = 2 × √(
𝐴

3.14
) 

or 

𝑑 = 2 × (
𝐴

3.14
)

1
2
 

d (Orifice diameter, feet) = 2 x [A (Orifice area, square feet) / 3.14]1/2 

d (feet) = 2 x [( 0.263 ) square feet / 3.14]1/2 = ( 0.578 ) feet 

G. What is the orifice diameter in inches? 

𝐷 = 𝑑 × 12 

D (Orifice diameter, inches) = d (Orifice diameter, feet) x 12 (inches/foot) 
d (inches) = ( 0.578 ) feet x 12 (inches/foot) = ( 6.94 ) inches ≈ 7” 

H. For this size orifice, what is the diameter of the perforated drainage tubing? 

𝐷𝑡 = 𝐷 + 2 

Dt (Diameter of tubing, inches) = D (Orifice diameter, inches) + 2 (inches)  
Dt (inches) = ( 7 ) inches + 2 (inches) = ( 9 ) inches 
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2. What diameter riser is required for a principle spillway with a peak flow of 25 cfs and 
1.0 feet head? 

From ESCH III-97, Plate 3.14-8: 

On horizontal axis, select head, h (feet), and read up. 

On vertical axis, select peak flow, Q (cfs), and read across. 

At intersection of two lines, read riser diameter. 

Riser Diameter = ( 33 ) inches 

3. Given an 80 feet long, corrugated metal pipe, what is the diameter of the barrel 
required for a peak flow, Q = 25 (cfs) and head, H = 10 (feet) on pipe outside 
embankment. 

From ESCH III-98 (corrugated metal pipe): 

On the left vertical column, select the head, H (feet) = ( 10 ) feet 

Read across the table, select the pipe peak flow, Q70 (cfs) = ( 25.3 ) cfs ... 34.9 

Read up the table to determine the pipe diameter, D (inches) = ( 21 ) inches ... 24” 

If pipe length is other than 70 feet long: L (feet) = ( 80 ) feet 

Read from bottom of chart for the pipe length, the Conversion Factor, CF = ( 0.96 ) ... 0.96 

The pipe capacity for this length pipe is determined: 

𝑄𝐿 = 𝐶𝐹 × 𝑄70 

QL (Pipe Capacity, cfs) = CF (Conversion Factor) x Q70 (Pipe Peak Flow, cfs) 

QL = ( 0.96 ) x ( 25.3 ) cfs = ( 24.3 ) cfs  

[QL = ( 0.96 ) x ( 34.9 ) cfs = ( 33.5 ) cfs] 

If pipe capacity flow rate, QL (cfs) is less than the required peak flow rate, Q (cfs), select the next 
larger pipe size and repeat above calculation. 

Pipe Diameter, D = ( 24 ) inches 
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4. For a 50 cfs peak flow rate, what diameter of 100 feet long reinforced concrete pipe is 
required given a head of 11 feet on the pipe outside embankment? 

From ESCH III-99 (reinforced concrete pipe): 

On the left vertical column, select the head, H(feet) = ( 11 ) feet 

Read across the table, select the pipe peak flow, Q70 (cfs) = ( 52.7 ) cfs ... 86.2 

Read up the table to determine the pipe diameter, D (inches) = ( 24 ) inches ... 30 

If pipe length is other than 70 feet long: L (feet) = ( 100 ) feet 

Read from bottom of chart for the pipe length, the Conversion Factor, CF = ( 0.93 ) ... 0.95 

The pipe capacity for this length pipe is determined: 

𝑄𝐿 = 𝐶𝐹 × 𝑄70 

QL (Pipe Capacity, cfs) = CF (Conversion Factor) x Q70 (Pipe Peak Flow, cfs) 

QL = ( 0.93 ) x ( 52.7 ) cfs = ( 49 ) cfs  

[QL = ( 0.95 ) x ( 86.2 ) cfs = ( 82 ) cfs] 

If pipe capacity flow rate, QL (cfs) is less than the required peak flow rate, Q (cfs), select the 
next larger pipe size and repeat above calculation. 

Pipe Diameter, D = ( 30 ) inches 

5. Given a 21 inch corrugated metal pipe riser, what is the diameter, thickness, and height 
of the trash rack and anti-vortex device? 

From ESCH III-104, Table 3.14-D: Read 

Riser Diameter, D = ( 21 ) inches 

Read horizontally across table to determine: 

Cylinder Diameter = ( 30 ) inches 

Cylinder Thickness = ( 16 ) gage 

Height = ( 11 ) inches 
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6. For a sediment basin embankment less than 10 feet high, what size concrete base is 
required for a riser of 24 inches diameter to prevent floating? 

From ESCH III-110, Plate 3.14-14: 

𝐶𝐵𝐷 = 2 × 𝐷 

CBD (Concrete Base Dimension, inches) = 2 x D (Diameter of Riser, inches) 

CBD = 2 x ( 24 ) inches = ( 48 ) inches 

7. What size steel plate is required to anchor the principal spillway of a sediment basin 
with an embankment less than 10 feet high and a riser of 36 inches diameter? 

From ESCH III-110, Plate 3.14-14: 

𝑆𝐵𝐷 = 2 × 𝐷 

SBD (Steel Base Dimension, inches) = 2 x D (Diameter of Riser, inches) 
SBD = 2 x ( 36 ) inches = ( 72 ) inches 

8. For a sediment basin, what are the bottom width, slope and minimum length of 
the emergency spillway requiring a flow capacity, Q = 30 cfs, given a water surface 1.0 
foot above the spillway, referred to as Stage, Hp = 1.0 foot. 

From ESCH III-100, Table 3.14-C: 

Read the Stage, Hp (feet) in the first column, Hp = ( 1.0 ) feet 

Read across the table on line for Q (capacity) cfs to meet required capacity, Q = ( 33 ) cfs 

Read across the table on line for V (velocity) fps, V = ( 4 ) fps 

Read across the table on line for S (slope) %, S = ( 3 ) % 

Read across the table on line for X (channel length) feet, X = ( 51 ) feet 

Read up column to Bottom Width, b = ( 14 ) feet 
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9. What is the Saturated Length, Ls(feet), of a sediment basin barrel given the depth of 
water at the principal spillway crest, Y = 10 feet, slope of the barrel, S = 0.08 feet/foot, 
(8%) and the slope of the upstream face of the embankment is 3:1, where Z feet 
horizontal to one foot vertical, Z = 3 feet/foot. 

 

𝐿𝑠 = 𝑌 × (𝑍 + 4) × (1 +
𝑆

0.25 − 𝑆
) 

Where:  
Y = Depth of water at the principal spillway crest (feet)  

Z = Slope of upstream face of the embankment (feet/foot)  
S = Slope of the barrel (feet/foot) 

Ls (Saturated Length, feet)  

𝐿𝑠 = 𝑌 × (𝑍 + 4) × (1 +
𝑆

0.25 − 𝑆
) 

𝐿𝑠 = 10 × (3 + 4) × (1 +
0.08

0.25 − 0.08
) 

𝐿𝑠 = 10 × 7 × 1.47 = 102.9 

Ls = ( 102.9 ) feet 

10. Given a depth of water at the principal spillway crest, Y = 8 feet, slope of barrel, S = 
10%, the slope of the upstream face of the embankment is 2.5:1, what is the Saturated 
Length, Ls (feet), of the barrel? 

From ESCH III-105, Plate 3.14-11: 

On the bottom of the chart, read on the vertical axis the depth of water at the principal spillway 

crest: 

Y = ( 8 ) feet 

Read across chart to slope of pipe: 

S = ( 10 ) % 

Read up to top of the chart to upstream embankment slope: ( 2.5 ): 1 

Read across chart to saturated length: 

Saturated Length, Ls = ( 85 ) feet 
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11. What is the maximum spacing between anti-seep collars which are 4 feet by 4 
feet and attached to a 24 inch diameter barrel? 

Given Collar Size, V = ( 4 ) feet 

Given Barrel Diameter, D = ( 2 ) feet 

𝑃 =
𝑉 − 𝐷

2
 𝑎𝑛𝑑 𝐿𝑚 = 14 × 𝑃 

P (Projection of Collar above barrel, feet) = (V – D) / 2 

P = [( 4 ) – ( 2 )] /2 = ( 1 ) feet 

Lm (Maximum Spacing between Anti-Seep Collars, feet) = 14 x P (feet) 

Lm = 14 x ( 1 ) feet = ( 14 ) feet 
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Module 8 Work Problem Answers  

8a. Outlet protection trap work problems ESCH III-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 III-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 = 3 x D 

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

Wu = 3 x ( 1.25 ) feet = ( 3.75 ) feet 

W d = D + L a  

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

 

Wd = ( 19 ) feet + ( 1.25 ) feet = ( 20.25 )  feet 
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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 III-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 = 3 x D 

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

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

W d = D + 0 . 4 x L a  

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

Wd = ( 2 )  feet + 0.4 x ( 56 ) feet = ( 24.4 ) feet 
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Module 10 Work Problem Answers  

Time of Concentration ESCH V-4 

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 = ( 200 ) feet 

From that point draw a line through Average Grass Surface to pivolt line. 

Draw a line from pivot line through the Slope = ( 4% ) 

Read on right vertical axis, Time of Concentration, T= ( 15 ) minutes 

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

From ESCH V-11, Plate 5-2  

Convert slope in % to slope in feet/foot: 

𝑆 =
𝑠

100
 

Where: 

s = slope (%) 

S – Slope (feet/foot) 

Slope, S = ( 2 ) % / 100 = ( 0.02 ) feet/foot 

On the left vertical axis select the Slope, S = (0.02) feet/foot 

Read over horizontally to line marked “Paved”, and read down to determine: 

Average Velocity, V = ( 2.8 ) feet/second 

𝑇 =
𝐿

60 × 𝑉
 

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

T (Time of Concentration, minutes) = L ( 500 )/ [60 x ( 2.8 ) (feet/second)] 

T (Time of Concentration) = 2.97 minutes or approximately 3 minutes 
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3. Given a channel with a hydraulic radius of 2.0, a lope equality 0.5%, and a Manning’s 
Roughness Coefficient, n= 0.02, what is the Time of Concentration of flow through a 
channel over a length of 1000 feet? 

From ESCH V-54, Plate 5-24  

On left vertical axis select Hydraulic Radius = ( 2.0 ) 

Draw line through Slope = ( 0.005 ) feet/foot to pivot line 

From pivot line draw through Manning’s Roughness Coefficient, n = ( 0.02 ) 

Read from right vertical axis the Velocity, V = ( 8.35 ) feet/second 

𝑇 =
𝐿

60 × 𝑉
 

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

T (Time of Concentration, minutes) = L ( 1000 )/ [60 x ( 8.35 ) (feet/second)] 

T (Time of Concentration) = 1.996 minutes or approximately 2 minutes 

 

4. What is the total Time of Concentration? 

Time of Concentration,  

T = Overland Flow Time + Shallow Concentrated Flow Time + Channel flow Time 

T =  ( 15 ) + ( 3 ) + ( 2 ) = ( 20 ) minutes 
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Rational Formula ESCH V-3 

𝑄 = 𝐶 × 𝑖 × 𝐴 

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? 

 

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 ( 10.0) = ( 9.5 ) 

Asphalt Paving ( 0.95 ) x ( 5.74) = ( 5.45 ) 

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

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

Total C x A = (17.79) 

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

Q (Peak rate of runoff, cfs) = ( 0.71 ) x ( 4.1 ) x ( 25 ) = ( 72.8 ) cfs 
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Module 11 Work Problem Answers  

Graphical Peak Discharge Method (TR-55) ESCH V-31 

𝑞𝑝 =  𝑞𝑢  ×  𝐴𝑚  × 𝑄 ×  𝐹𝑝  

Where: 

qp = Peak Discharge (cubic feet / second)  
qu = Unit Peak Discharge (csm / in)  
Am = 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 1/2 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 

   = CN x A 

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 ). 
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5. Example Project: Defiance Ridge: 

40% of the 250 acres is ½ acre lots on the Appling soil;  
10% is commercial on the Appling soil;  
30% is ½ acre lots on the Helena soil; and  
20% is open space on the Helena soil.  
All hydrologic conditions are good cover.  

The streets are paved with curb and gutter. They are laid out in such a way as to decrease 
overland flow to 100' in a lawn. Then water flows onto the streets and paved gutters and 
continues until it reaches the natural channel. (This is the same point at which channel flow 
began in pre-developed conditions.) Total length of street and gutter flow is 700' at an average 
of 3% grade. 

Find:   The post-development runoff curve number for the drainage area, the runoff for the 2-year 

and 10-year storms, the time of concentration, and the peak discharges for the 2-year and 10-year 

storms. 

[Assume the project must meet compliance with the technical criteria of Part IIC under the Virginia 
Stormwater Management regulations (9VAC25-870-93 et seq.)] 

See next three pages for the completed project worksheets 2, 3, and 4 (Developed Condition).  

Since the development of Defiance Ridge will increase the peak discharge of the 2-year storm over the 

pre-developed conditions, provisions must be made to address the increase in runoff.  

The site design could include measures that would reduce the volume of runoff (by using infiltration 

and retention), reduce the peak discharge rate (detention), or improve the receiving channel to convey 

the increased runoff. Note that any improvements to the channel should be based on the post-

development hydrology. Detention storage can be provided at the lower end of the development to 

store and release the post-development 2-year storm peak. See Chapters 4 and 5 of the VESCH for 

more information.   

Worksheet 3 (Runoff curve number and runoff): Use VESCH V-56, Table 5-5 for curve  
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Source: VESCH, 
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Module 12 Work Problem Answers  

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 = 𝑏 × 𝑑 

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 x ( ) feet = ( ) feet 

 

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

𝑟 =
𝑎

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 =  𝑧 × 𝑑2 

Where: 

d = channel depth (feet) 

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

a = ( ) feet x [ ( ) feet] 2  = ( ) square feet 
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5. For this same channel, what is the Wetted Perimeter, p (feet)?  

𝑝 = 2 × 𝑑 √(𝑧2  + 1) 

o r  

𝑝 = 2 × 𝑑 (𝑧2  + 1)
1
2 

p=2xd(z
2 +1) 

Where: 

p= Wetted Perimeter (feet) 

d = channel depth (feet) 

 

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

p = 2 x ( ) x [ (    ) 2 + 1 ] 1/2 = (  ) feet 

 

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

𝑟 =
𝑎

𝑝
 

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

r = ( ) square feet / (    ) feet = ( ) feet 
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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 } 2 ]= (      ) square feet 
 

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

𝑝 = b + 2𝑑 √(𝑧2  + 1) 

o r  

𝑝 = b + 2𝑑 (𝑧2  + 1)
1
2 

p = ( ) feet + 2 x ( ) feet x [( ) 
2
  +  1 ] 

1/2
  = (        ) feet 

 

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

𝑟 =
𝑎

𝑝
 

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

r = ( ) square feet / (    ) feet = ( ) feet 
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