DAY 1 Work Problems

e Sediment Trap
e Sediment Basin



SEDIMENT TRAP CALCULATIONS ESCH Il11-70-76
Total drainage area <3 acres

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

V =Ax134
V (Total Volume, cubic yards) = A (Total Drainage Area, acres) x 134(cubic yards/acres)
V=( )acres x 134 (cubic yards/acres) = ( ) cubic yards

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

V = Ax67
V (Perm. Pool Vol., cubic yards) = A (Total Drainage Area, acres) x 67(cubic yards/acre)
V=( )acres x 67(cubic yards/acres) = ( )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 = Ax67
V (Temp. Pool Vol., cubic yards) = A (Total Drainage Area, acres) X 67(cubic yards/acres)
V=( )acres x 67(cubic yards/acres) = ( )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><6—27= Ax33.5

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

V=( )acres x 33.5(cubic yards/acres) = ( )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=Ax6
L (Outlet Length, feet) = A (Total Drainage Area, acres) x 6(feet/acre)
L=( )acres x 6(feet/acres) = ( )feet

6. If a sediment trap has a 4.5 feet high embankment, what is the minimum top
width required on the embankment?

From ESCH I11-74, Plate 3.13-1

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






SEDIMENT BASIN CALCULATIONS ESCH I11-77-115
Total Drainage Area between 3 and 100 acres

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

V = Ax134
V (Total Volume, cubic yards) = A (Total Drainage Area, acres) x 134(cubic yards/acre)
V=( ) acres x 134(cubic yards/acre) = ( ) cubic yards

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

V = Ax67
V (Perm Pool Vol., cubic yards) = A (Total Drainage Area, acres) X 67(cubic yards/acres)
V=( ) acres x 67(cubic yards/acres) = ( ) 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 = Ax67
V (Temp. Pool Vol., cubic yards/acres) = A (Total Drainage Area, acres) x 67(cubic yards/acres)
V=( ) acres X 67(cubic yards/acre) = ( ) cubic yards
4. Given that the sediment cleanout level shall be no higher 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><6—27: Ax33.5

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

V=( ) acres x 33.5(cubic yards/acres) = ( ) cubic yards



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?

— =X
w

e

X >2 ... no baffles required
X < 2 ... baffles required

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

L
We
or
w, -t
2
We(feet) = L(feet) / 2 = ( )feet/2 = ( )
6. What is the minimum top width of a sediment basin embankment with a 15
feet height?
From ESCH 111-80:
Embankment Height Minimum Top Width
< 10 feet 6 feet
10-14 feet 8 feet
15 feet (max) 10 feet
H (Embankment Height, feet) = ( ) feet
T (Minimum Top Width, feet) = ( ) feet
7. 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 = Ax67
V (Temp. Pool Vol., cubic yards) = A (Drainage Area, acres) x 67 (cubic yards/acres)

V=( ) acres X 67(cubic yards/acres) = ( ) 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) = ( ) cubic yards x 27 = ( ) cubic feet

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

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

\Y

Q= 21,600

Q (Flow Rate, cubic feet/second) =V (Temp. Pool VVolume, cubic feet) / 21,600 (seconds)
Q (cubic feet/second) = ( ) cubic feet / 21,600 (seconds) = ( ) cfs

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

h=—"
2

h (Average Driving Head, feet) = H (Maximum Possible Heat, feet) / 2
H (feet) = ( ) feet/ 2 =( ) feet

E. Given the Flow Rate, Q, from C and the Average Driving Head, h, from D, what
is the orifice area?

Q
(v/64.32xh )x 0.6

A=

or



Q
(64.32xh)z x 0.6

A=

A (Orifice Area, square feet) = Q (Flow Rate, cfs) / {[64.32 x h (average driving, feet)]¥? x
0.6)}

A=( ) cfs / {[64.32 x ( ) feet]¥? x (0.6)} = ( ) square feet

F. What is the orifice diameter?

d=2x [ij
3.14

or

1
d :2><( A jz
3.14

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

d (feet) = 2 x [( ) square feet / 3.14]¥ = ( ) feet

G. What is the orifice diameter in inches?
D=dx12

D (Orifice diameter, inches) = d (Orifice diameter, feet) x 12(inches/foot)

H. For this size orifice, what is the diameter of the perforated drainage tubing?
D,=D+2
D; (Diameter of tubing, inches) = D (Orifice diameter, inches) + 2(inches)

D (inches) = ( ) inches + 2(inches) = ( ) inches



8. What diameter riser is required for a principle spillway with a peak flow of
25cfs and 1.0 feet head?

From ESCH 111-97, 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 = ( )inches.






9. 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 111-98 (corrugated metal pipe):

On the left vertical column, select the head, H (feet) = ( )feet
Read across the table, select the pipe peak flow, Q- (cfs) = ( )cfs
Read up the table to determine the pipe diameter, D (inches) = ( )inches

If pipe length is other than 70 feet long: L (feet) = ( )feet
Read from bottom of chart for the pipe length, the Conversion Factor, CF = ( )

The pipe capacity for this length pipe is determined:
Q. =CF xQ,,
Q. (Pipe Capacity, cfs) = CF (Conversion Factor) x Q-, (Pipe Peak Flow, cfs)

Q. =( ) x ( ) cfs = ( ) cfs

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

Pipe Diameter, D = ( ) inches






10. 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 111-99 (reinforced concrete pipe):
On the left vertical column, select the head, H(feet) = ( )feet
Read across the table, select the pipe peak flow, Q-(cfs) = ( )cfs
Read up the table to determine the pipe diameter, D(inches) = ( )inches
If pipe length is other than 70 feet long: L(feet) = ( )feet
Read from bottom of chart for the pipe length, the Conversion Factor, CF = ( )

The pipe capacity for this length pipe is determined:
Q. =CF xQ,,
Q. (Pipe Capacity, cfs) = CF (Conversion Factor) x Q-, (Pipe Peak Flow, cfs)

Q. =( ) x ( ) cfs = ( ) cfs

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

Pipe Diameter, D = ( ) inches






11. 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 111-104, Table 3.14-D:
Read Riser Diameter, D = ( ) inches
Read horizontally across table to determine:
Cylinder Diameter = ( ) inches
Cylinder Thickness = ( ) gage

Height = ( ) inches






12. 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 I111-110, Plate 3.14-14:
CBD =2xD

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

CBD=2x( ) inches = ( ) inches
13. 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 111-110, Plate 3.14-14:

SBD =2xD

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

SBD =2 x ( ) inches = ( ) inches






14. 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 111-100, Table 3.14-C:

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

Read across the table on line for Q (capacity) cfs to meet required capacity, Q = ( ) cfs
Read across the table on line for V (velocity) fps, V = ( ) Tps

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

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

Read up column to Bottom Width, b = ( ) feet






15.

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%0) 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 x(Z +4)><[1+ > j
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) =Y x (Z + 4) x {1 +[S/(0.25-S)]}

) feet x [( )+4] x{1+]( )/(0.25 — ( N}
) feet
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 I11-105, 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 =(

) feet

Read across chart to slope of pipe:

S=(

) %

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

Read across chart to saturated length:

Saturated Length, Ls = ( ) feet









17. What is the size of two anti-seep collars given a 3 feet diameter barrel with a
saturated length of 85 feet?
From ESCH 111-106, Plate 3.14-12:
On the lower chart, select the saturated length.
Saturated Length, Ls = ( ) feet
Read across chart to number of collars.
Number of Collars = ( )
Read up to top of chart to pipe diameter.
Pipe Diameter, D = ( ) feet
Read across chart to size of anti-seep collars.

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

18. 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 = ( ) feet
Given Barrel Diameter, D = ( ) feet

V-D

P= and Lm=14xP

P (Projection of Collar above barrel, feet) = (V -D) /2
P=[( )—( )172=( ) feet
Lm (Maximum Spacing between Anti-Seep Collars, feet) = 14 x P (feet)

Lm=14x( ) feet = ( ) feet






