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Problem of the Day

A 14-inch diameter force main flows full. The lift station pump discharging to the force main pumps
650 gpm. What is the velocity of flow in the force main, in ft/s, when the pump is running?
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Introduction

This is the second in a series of Problems of the Day looking at the operation of a lift station discharging
to a force main. Velocity is an important calculation made by wastewater treatment plant operators. This
calculation shows up in a lot of places. While it may not always be referred to as “velocity,” it is basically
the same calculation whether you’re calculating the velocity of flow through pipelines, channels, grit
chambers and chlorine contact tanks or hydraulic loading to ponds and trickling filters or surface overflow
rate in clarifiers. The basic equation is:

Q
V = —
A
where v is velocity, Q is flow rate and A is the area through which the flow is passing. Velocity is in units of
length per time like miles per hour (mi/hr). Don’t worry if the units of v and Q and A aren’t consistent; just
use this simple equation to populate the solution bridge and then convert units until you get the units you

need. As we have proven again and again in Problem of the Day, the solution bridge (aka the “railroad
track”) is a failsafe and foolproof way to convert units.

Solution
The problem statement gives the following information in units used by WWTT:

1. Pipe diameter,d = 14 in

2. Pipe flowing full (since force mains, by definition, flow under pressure, they will always be
flowing full)

3. From the previous Problem of the Day, flow through area, A = 1.068 ft?
4. Pumping rate, Q = 650 gal/min

The question specifically asks to find the velocity in ft/s so these units are put between heavy vertical
lines, as always, followed by an equals sign and the blank solution bridge.

Problem of the Day: A 14-inch diameter force main flows full. The lift station pump discharging to the
force main pumps 650 gpm. What is the velocity of flow in the force main, in ft/s, when the pump is
running?

ft

S

The solution bridge is started using the equation above. First flow, Q, is entered in the numerator
(remember, when the word “per” comes across your lips as you’re entering something in the solution
bridge, it means you jump to the other side before continue, which is why min ends up in the
denominator),

ft 650 gal

s min
which is then divided by area, A,

ft 650 gal |

S min 1.068 ft2

Knowing that velocity is equal to flow divided by area is all the math you need to know to do this problem,
so now it's a simple matter to use whatever conversion factors we need to in order to get to the units
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needed in the answer, in this case, ft/s. First, gal are converted to ft3. Entering the well known conversion
factor into the solution bridge so gal cancel, numerator and denominator, also allows ft2 to cancel with two
of the ft in ft3.

o] fews| | e |

S

min | 1.068 #? |7.48ga4|

We now have the units ft needed in the numerator of the answer, so all we have to do is convert minutes
to seconds. How many seconds are there in a minute?

ft

. |

650 gat | | 3

7.48 gat | 60 s

s min 1.068 #2

Since all the unwanted units have now canceled and only the units needed in the answer remain (ft/s, in
bold), we know the solution bridge is complete. The arithmetic gives the answer.

Problem of the Day: A 14-inch diameter force main flows full. The lift station pump discharging to the
force main pumps 650 gpm. What is the velocity of flow in the force main, in ft/s, when the pump is
running?

ft |650ga+| | fit3 |mm|

s | FRin | 1.068 #2 |7.48ga4| 60 s

650 + 1.068 + 7.48 + 60 = 1.36 ft/s.

Discussion

It is desirable to keep the velocity of flow in pipes and channels around 2 ft/s in order to keep solids from
settling. The velocity just calculated is low and cause for concern. This will be investigated further in future
Problems of the Day.

Happy calculating! Let us know, by leaving a comment, if you want us to do a specific problem, if
you see a mistake, or if you have a question on any of the Problems of the Day you are looking at.
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