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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters [ gallon = 8.34 1bs when specific gravity is 1.0
I meter = 3.28 feet Tkg=221bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m?=10.76 ff* I mg/L=1ppm
' 1 ug/L =1 ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons 1 day = 1440 mimates
1 m®=3531 [ hp =0.746 kW
1 ft water = 0.433 psi -1 gram = 15.43 grains

I grain per gallon = 17.1 mg/L

Water Formulas
pounds pér day = {concentration in mg/Lj*(flow rate in mgd)*(8.34)

chlorine dose = demand + resid_ual

velocity = flow V=0
‘ area A
flow rate = volume T Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CG Vs
(conc. 1)*(volume 1) + (¢onc. 2)*(volume 2) = (cone. 3)*(volume 3) -
CiVi+ CVa=CaVy

horsepower = (flow in gpm)*{lift in feet)
3960




Hydraulic Retention Time
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30. What is the average detention time in 2 basin given the following: diameter = 30'
depth = 15' flow =700 gpm -

a) Lhr. 34min.

b) lhr. 53min.

¢} thr. 47min.

d)2 hrs. 3 min.

31. What is the average detention time in a basin given the following: diameter = 80°
depth = 12.2' flow = 5 MGD

a)2.2 hrs. '

b)1.68 hrs.

¢)2.4 hrs.

d)1.74 hrs.

32. Two 50-ft diameter, 10-ft deep sedimeéntation basins operating in parallel handle a
flow of 2 mgd. What is the detention time in hours (assume the basins have flat floors)?
a)3.5 hrs
b)6.7 hrs
¢) 7.0 hrs
dy2.0 hrs
Operations Forum March 1998

33. Your finished water storage tank is 35 feet in diameter and 65 feet high. With no
water entering it the level dropped 4' in 5 hours. How many gallons of water were used in
this period?

2)7,193

5)71,930

¢)467,542

d)28,772

e) 62,506

34, If two pumps will pump 120 gpm each, how long will it take to ﬁll a tank 50" long,
20" wide, and &' deep?

a)2 hours, 27 mirutes -

b)4 hours, 42 minutes

¢)4 hours, 9 minutes

d)1 hour, 49 minutes
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35. Given the following information, what is the water tank detention time? Diameter =
80 ft Depth=25ft Flow rate = 25000 gpd

a)47.8 days

b)25.2 days

c)37.6 days

d)15.7 days

36. Compute the detention time in hours in a final sedimentation basin given: Diameter =
95" Depth= 11" Flow rate = 7.0 MGD

a)1hr. 59 min :

b)2 hrs 10 min

¢)4 hrs 10 min

d)1 hr

37, A settling basin 60' by 12" and 12' deep 15 used to treat a flow of 2.4 MGD. What is
- the detention time?

a) ‘15 min.

b)“39 min.

¢) ‘1.1 hrs

d)2.3 hrs

38. What is the detention time in a reservoir if the influent flow rate is 0.785 MGD, the
reservoir depth is 22 feet, and the reservoir covers 17 acres?

a) 97 days

b)56 days

¢) 155 days’

d)}180 days

£)420 days

39, Your filters fill your clearwell at a rate of 375 gpm. The clearwell measures 10' wide
x 80" long x 12" deep. If it had 5' of water in it how long would it take to fill completely?
1.9 hours ' '

111.7 minutes

19.1 mmutes

11.1 hours

191 minutes

53
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Boulder Operator School Water Math

Hydraulic Retention Time

18. The wet well holds 5 million gallons and the finished water production rate at peak hour is
2800 gpm. What is the hydraulic retention time of the wet well in minutes?

Answer. minutes

19. A number of pumps are used to fill a water tank. Each pump transfers water into the tank at
a rate of 2800 gallons per minute when 4 pumps are used. The tank can be filled in 29.76
hours. What is the volume of the tank in cubic feet?

Answaer: cubic feet

20. A water main feeds a subdivision. The main is 500 feet long and is 12 inches in diameter,
The distribution crew is flushing the main to remove sediment. How long shou]d they flush the

line to achieve 2 pipe volumes? Express your answer in minutes. Zhe cE gehyers 30 2
f

ot Fled.

Answer: minutes

21. A rectangular basin measures 100 feet long, by 50 feet wide, by 12 feet deep. A pump
drawing water out of the full tank is able to empty the tank in 1.24 days. What is the pump rate
in gallons per minute?

Answer. gpm

22. A rectangular tank is being filled by 4 pumps. If the tank is 100 feet long by 50 feet wide by
12 feet long and takes 1.24 days tofill. At what rate is each pump moving water into the tank?
Express your answer in gpm.

Answer: gpm

23. Water enters the distribution system at 4.03 mgd. The transmission line has a diameter of
12 inches and is 500 feet long. The transmission main feeds a 5000000 gallon storage tank. If
water leaves the tank at the same rate that it enters, calculate the water age as it leaves the
tank. Assume the tank is full. Express your answer in hours and minutes.

Answer:

24. Water leaves a full, cylindrical tank at a rate of 8.24 cfs. The tank volume is reduced by 50%
after 29.76 hours. If the tank is 20 feet high, what is the diameter in feet?

Answer: feet

25. A water tank on the top of a hill holds 60000 cf of water. The tank is completely empty. The
tank is fed by a booster pump station with 4 pumps. Each pump is rated at 1120 gpm. If the
distribution crew needs to fill the tank in less than 29.76 hours, what is the least number of
pumps that could be used? Assume that pump rates remain constant regardless of the volume
of water in the tank.

Answer: pumps

26. A 12 inch pipeline needs to be flushed. If the desired length of pipeline to be flushed is 500
feet, how many minutes will it take to flush the line at 50 gpm?

Answer. minutes

Sidney Innerebner, Ph.D., P.E.
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HYDRAULIC RETENTION TIME

1. If two pumps will pump 120 gpm each, how long will it take to fill a tank 50’ long, 20'
wide, and &' deep?

a)2 hours, 27 minutes

b)4 hours, 42 minutes

¢)4 hours, 9 minutes

d)1 hour, 49 minutes

2. What is the average detention fime in a clarifier given the following: diameter = 30
depth = 15" flow = 700 gpm

a) lhr. 34min.

b) 1hr. 53min.

¢) 1hr. 47min.

d)54 minutes

3. What is the average detention time in a clarifier given the following: diameter = 80’
depth = 12.2' flow = 5 MGD

a)2.2 hrs.

b)1.68 hrs.

¢)2.4 hrs.

d)0.94 hrs.

4. Determine the flow capacity of a pump in gpm if the pump lowers the wastewater in 2
six-foot square sump by 8 inches in 5 minutes.

a)35.9 gpm

b)57.6 gpm

¢)92.4 gpm

d)179.5 gpm

e)430 gpm

5. What is the detention time in a stabilization pond if the influent flow rate is 0.785
MGD, the pond depth is 4.5 feet, and the pond covers 17 acres?

a)97 days

b)56 days

¢)32 days

d}14 days

¢)4.2 days

6. A 20-ft diameter clarifier with a depth of 8.25 ft receives a flow of 0.314 mgd. What
is the detention time?

a}1.22 hours

b)1.48 hours

¢) 1.75 hours

d)2.25 hours
?0perations Forum October 1998
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7. Compute the detention time in howurs in a final clarifier given: Diameter = 95' Depth =
11" Flow rate =7.0 MGD

a)1 hr. 55 min

b)2.0 hrs

¢)2 hrs, 10 min

8. Compute the lagoons detention time. Surface area = 6.0 acres, Average depth = 3.0 ft,
Average daily flow = 0.25 MGD

a)3 days

b)8 days

)24 days

d)29 days

9. A settling basin 60' by 12" and 12' deep is used to treat a flow of 2.4 MGD, What is
the detention time?

a)15 min.

b}39 min,

c}‘l1.1 hrs

d)2.3 hrs

10. Two 50-ft diameter, 10-ft deep secondary clarifiers operating in parallel handle a
flow of 2 mgd. What is the detention time in hours (assume the clarifier has a flat
floor)?

a)3.5 hrs

b)6.7 hrs

¢)7.0 hrs
?0perations Forum March 1998

11, A chemical feed pump has been rebuilt and must be calibrated for maximum pump
rate. Ifit takes 1 hour and 15 minutes to fill a 10-ft X 5-ft X 10-ft rectangular tank, what
is the maximum pump rate in gal/min?

a) 67 gal/min

b)50 gal/min

)45 gal/min
?Operations Forum March 1998
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