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Basics

* The unknown is a variable
in the equation that we
are trying to solve.

* The unknown variable is
usually represented by a
letter such as, x.

TDEC - Fleming Training Center 2

Basics

When solving for an unknown
variable, X.

1. X must be in the numerator.

2. X must be by itself on one
side of the equation

TDEC - Fleming Training Center

How do | get x by itself?

Part 2: Multiplication and (6)x =60
Division
« If a number is being X = 6_2

multiplied by or divided into

X is must be moved across x=10
the = to get x by itself.
. Xx=12
* Numbers will move at a 5/’
diagonal when they cross x =12 (3)
the equal sign. x= 36

TDEC - Fleming Training Center 4
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What if x is not in the numerator?

Order of operations if you have +/- and */+

2=4 * If x is in the denominator it When solving for an unknown
= : .
can trade places with a P that involves more than one
number on the other side of 2% -5 = 40 +5 process.
2 =X the = sign - iti
4 gn. 2x =45 1. Do the addition and
* Flip-flop \4; subtraction first
. . X =49 T .
0.5 = x * This is the only time you 2 2. Then do the multiplication
can move x!! x=22.5 and division.
* If x is in the numerator DO
NOT MOVE x!!
Practice Practice
(23)(x)(7.48) = 542 o
Step 1. Determine if x is in (8)(x) = 21 Step 1. Determine if x is in
Step 1 yes the numerator (3)(3) tshtz:;mg,r:qt;rf the
Step 2 . . .ol 14%
(23) (7.48) = 172.04 Step 2. Simplify the numbers Step 1 yes numbers
(172.04) (x) = 542 Step 3. Get x by itself Step 2 Step 3. Get x by itself
Step 3 Step 4. Solve the equation (%(L)-_ 21 Step 4. Solve the equation
(172-(M42 Step 3 Step 4
X = 542 (_1%8 x)=21  (8)(x)=(21)(9) x=(21)(9)  x=23625
172.04 9 8
Step 4
x=3.15

TDEC - Fleming Training Center 7
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Practice
Step 1. Determine if x is in the
80 = 3700 numerator
Step 2. Simplify the numbers
X Step 3. Get x by itself
Step 1 No Step 4. Solve the equation
Step 2
Already simplified
Step 3 Step 4
80 = 3700 80 =x 0.0216 = x
—
X 3700

TDEC - Fleming Training Center 9

Solving for x?

» The procedure for solving for x2
is the same as solving for x.

* There is one extra step at the
end.

Step 1. Determine if x2 is in the numerator
Step 2. Simplify the numbers

Step 3. Get x2 by itself

Step 4. Solve the equation

Step 5. Take the square root of both sides
of the equation

TDEC - Fleming Training Center 10

Solving for x?

(x®) (0.785) = 2826
Step 1. Determine if x? is in

Things to remember

Only move x if it is the denominator.

Step 1 Yes
109 2 arendy smplied the nu".]era.tfor If x is in the numerator leave x where it is
Stﬁﬂ rib‘zrsnp“ y the and move the other numbers away from x.
Step 3 . . .
(x?) (0.7@25 Step 3. Get x2 by itself IL do.esh?odeat]:[err1 if X is otn the left side or
(><2)=%5 Step 4. Solve the equation the right side of the equation.
Stepd Step 5. Take the square X=5
(x) = 3600 root of both sides of the 5=x
Step 5 equation .
AP O s They mean the same thing!
x= 60 TDEC - Fleming Training Center 1 TDEC - Fleming Training Center 12
6 Basic Math Review
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Math Problem Strategies

Use these rules of operation to approach math problems (especially when working with
formulas):

1) Work from left to right.

2) Do all the work inside the parentheses first.

3) Do all the multiplication/division above the line (numerator) and below the line
(denominator).

4) Then do all the addition and subtraction above and below the line.

5) Perform the division (divided the numerator by the denominator).

Strategy for solving word problems:

1) Read the problem, disregard the numbers (What type of problem is it? What am | asked to
find?)

2) Refer to the diagram, if provided. If there isn’t one, draw your own.

3) What information do | need to solve the problem, and how is it given in the statement of the
problem?

4) Work it out.

5) Does it make sense?

It might be helpful to write out everything that is known in one column and the unknown (what
am | asked to find?) in another column. Identify the correct formula and write it in the middle,
plug in the numbers and solve.

Known Unknown
Length = 35 ft Area =7?
Width = 49 ft
A= (I)(w) 49 ft

A
v

A = (35 ft)(49 ft)
A = 1715 ft

35 ft

**Remember: make sure measurements agree; if diameter of pipe is in inches
then change to feet; if flow is in MGD and you need feet or feet/sec then change
to ft*/sec before you plug values into formula.

Basic Math Review 7
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iy
mega .. kilo hecto deka no deci centi milli .. micro
(M) k) (h) (da) prefix (d) c (m) (W)

1,000,000 1,000 100 10 1 Yo Yo Mioww 1000000

Tank VVolume Calculations: Most tank volumes calculations are for tanks that are either
rectangular or cylindrical in shape.

Rectangular Tank

Vol =(I
depth, d olume = (1)(w)(d)
width, wN\,
) length, I ]
Cylindrical Tank

« Diameter.D;

N

~_ Volume = (0.785) (D )?(d)

depth, d

Y

Portion of a Pipeline

< <> I Diameter. D Volume = (0.785) (D )* (1)

<

length, |

8 Basic Math Review
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Solving for the Unknown

Basics — finding x

1. 81 = 3)(X)(L5)

2. (0.785)(0.33)(0.33)(x) = 0.49

3. 233 = 44
X
4, 940 = X
(0.785)(90)(90)

5. x = (165)(3)(8.34)
0.5

Basic Math Review

6. 56.5 = 3800
(x)(8.34)

7. 114 = (230)(1.15)(8.34)

(0.785)(70)(70)(x)
8. 2=_Xx
180
9. 46 = (105)(x)(8.34)
(0.785)(100)(100)(4)

10. 2.4 = (0.785)(5)(5)(4)(7.48)
X
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11. 19,747 = (20)(12)(x)(7.48)

12. (15)(12)(1.25)(7.48) = 337

X

13, x =213
(4.5)(8.34)

14, x =24

246

15. 6 = (x)(0.18)(8.34)
(65)(1.3)(8.34)

10

16.

TDEC - Fleming Training Center

(3000)(3.6)(8.34) = 23.4

17.

18.

19.

20.

(0.785)(x)

109 = X
(0.785)(80)(80)

(x)(3.7)(8.34) = 3620

2.5 = 1,270,000
X

059 = (170)(2.42)(8.34)
(1980)(x)(8.34)

Basic Math Review
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Finding x*
21. (0.785)(D?%) = 5024

22. (x%)(10)(7.48) = 10,771.2

23. 51 = 64,000
(0.785)(D?)

24. (0.785)(D% = 0.54

25. 2.1 = (0.785)(D?)(15)(7.48)
(0.785)(80)(80)

Basic Math Review 11
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Percent Practice Problems

Convert the following fractions to decimals:

1. Ya
2 s
3 Va
4 V2

Convert the following percents to decimals:

5. 35%
6. 99%
7. 0.5%
8. 30.6%

Convert the following decimals to percents:

9. 0.65
10.  0.125
11. 1.0
12.  0.05

Calculate the following:

13. 15% of 125

14.  22% of 450

15. 473 is what % of 2365?

16. 1.3 is what % of 6.5?

12 Basic Math Review
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Answers for Solving for the Unknown

Basics — Finding x

1. 1.8 8. 360 15. 2817
2. 57 9. 1649 16. 4903
3. 53 10.  244.7 17. 547,616
4. 5,976,990 1. 11 18. 117
5. 8256.6 12. 5 19. 508,000
6. 8.1 13. 7994 20.  0.35
7. 0.005 14.  590.4

Finding x>

21. 80 23. 40 25. 109

22, 12 24.  0.83

Percent Practice Problems

l. 0.75 7. 0.005 13. 18.75
2. 0.625 8. 0.306 14. 99

3. 0.25 9. 65% 15. 20%

4. 0.5 10. 12.5% 16. 20%

5. 0.35 11. 100%

6. 0.99 12. 5%

Basic Math Review 13
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Area

« Surface of an object
« Two dimensional
« Measured in:

= Square inches

= Square feet

= Square meters, etc.

Fleming Training Center

“!

TDEC - Fleming Training Center

TDEC - Fleming Training Center

Area Formulas Area of a Rectangle
« Rectangle length : 10 ft
A = (length, ft)(width, ft) z
g 5 ft
« Circle
A = (0.785)(diameter, ft)? A= f)(w, 1)
) B A= (0G5
am _ o_fa square and a
) e 7% A= 5o fte

16 Area and Volume
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Area of a Circle
A = (0.785)(D, ft)2
A = (0.785)(2ft)(2ft)

A =3.14ft2

Diameter = 2 ft

Section 2

Volume

« The amount of space an object occupies
» Volume = (area)(third dimension) or

V = ((w)(d)

» Measured in:
= Cubic inches
> Cubic feet
= Gallons
= Acre-feet, etc.

TDEC - Fleming Training Center

Volume of a Rectangular Tank, ft2

V = (length, ft)(width, ft)(depth, ft)
10’

V = (12 ft)(10ft)(10ft)

V = 1200 ft3

TDEC - Fleming Training Center

Volume of a Rectangular Tank, gal
V, ft3 = 1200 fit3
V, gal = (Volume, ft3)(7.48 gal/ft3)

V, gal = (1200 ft3)(7.48 gal/ft3) 10

N -

12’

V, gal = 8976 gal

Area and Volume 17
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Volume of a Cylinder, ft3

V = (0.785)(D, ft)2(height, ft) ( ©

V = (0.785)(6 f)(6 ft)(15 ft)

V = 424 ft3

TDEC - Fleming Training Center

Volume of a Cylinder, gallons
V, ft3 = 424 ft3
V, gal = (Volume, ft3)(7.48 gal/ft3) %

V, gal = (424 ft3)(7.48 gal/ft3)

V, gal = 3171.52 gal

TDEC - Fleming Training Center

Note

« When calculating area and volume, if you are
given a pipe diameter in inches, convert it to

feet.

8/i'ﬁ'x m =  0.6667ft

12 jr

Diameter = 8 in

—
TDEC - Fleming Training Center

Conversions

« Need to know:
« The number that relates the two units
= Ex: 12 inches in a foot, 453.6 grams in a pound,
3785 mLin a gallon
« Whether to multiply or divide
= Ex: smaller to larger or larger to smaller

18 Area and Volume
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Conversions

« Just looking at the
units, if you are given

Conversion Factors

o . sasot miles and you need
1 foot of head = 0433 psi .

1 psi = 2.31 fest of head feet; we are gOll’lg
1y . aw from left to right on
Tl : 3768 s the page, therefore

1 galion of water = 8.341bs .

1 cubic foot of water = 7.48 gallons. mu}tlply

11 = 4538 grams.

1 mile = 5280 feet .

1% = 10,000 ™1 Mllltlply

Section 2
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Conversions

« You have just laid ¥4 mile of water main. How
many feet is this?

Y4 = 0.25 miles

(0.25 miles)(5280 feet/mile) = 1320 feet

TDEC - Fleming Training Center

Flow Conversions - Box Method

748 7.48 .48
MGD
1,000,000 ‘
m 60 n W o
8.34 (%7

w
B e 0 —| min

— 1440 — ®lasy

———-...!

TDEC - Fleming Training Center

Percent to Decimal

Percent = per one hundred

20% = 20/100 = 0.20
5% = 5/100 = 0.05
12.25% = 12.25/100 = 0.1225
0.5% = 0.5/100 = 0.005

Move decimal 2 places to the left.

Area and Volume 19
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Math Problem Strategies

Strategy for solving word problems:

1) Read the problem, disregard the numbers (What type of problem is it? What am | asked to
find?)

2) Refer to the diagram, if provided. If there isn’t one, draw your own.

3) What information do | need to solve the problem, and how is it given in the statement of the
problem?

4) Work it out.

5) Does it make sense?

It might be helpful to write out everything that is known in one column and the unknown (what
am | asked to find?) in another column. Identify the correct formula and write it in the middle,
plug in the numbers and solve.

Known Unknown
Length = 35 ft Area ="?
Width = 49 ft
A=(D(w) 49 ft

A
v

A = (35 ft)(49 ft)
A =1715 ft?

35ft

**Remember: make sure measurements agree; if diameter of pipe is in inches
then change to feet; if flow is in MGD and you need feet or feet/sec then change
to ft*/sec before you plug values into formula.

20 Area and Volume
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Tank Volume Calculations: Most tank volumes calculations are for tanks that are either
rectangular or cylindrical in shape.

Rectangular Tank

depth, d Volume =(1)(w)(d)
width, W\,
) length, | ]
Cylindrical Tank
. Diameter. D
N
~_ Volume = (0.785) (D )? (d )
depth, d

Y

Portion of a Pipeline

< ( ) I Diameter. D Volume = (0.785) (D )? (1)

length, |

Area and Volume
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Area, Volume and Conversions

AREA
1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ft.

2. Atank has a length of 90 feet, a width of 25 feet, and a depth of 10 feet. Calculate

the surface area in ft°.

3. Calculate the cross-sectional area (in ft?) for a 2 foot main that has just been laid.

4. Calculate the cross-sectional area (in t?) for a 24” main that has just been laid.

5. Calculate the cross-sectional area (in ft) for a 2 inch line that has just been laid.

22 Area and Volume
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VOLUME

6. Calculate the volume (in ft%) of a tank that measures 10 feet by 10 feet by 10 feet.

7. Calculate the volume (in gallons) of a basin that measures 22 feet by 11 feet by 5
feet deep.

8. Calculate the volume (in gallons) of water in a tank that is 254 feet long, 62 feet
wide, and 10 feet deep if the tank only contains 2 feet of water.

9. Calculate the volume of water in a tank (in gallons) that is 12 feet long by 6 feet
wide by 5 feet deep and contains 8 inches of water.

10. Calculate the maximum volume of water (in gallons) for a kids’ swimming pool that
measures 6 feet across and can hold 18 inches of water.

11. How much water (in gallons) can a barrel hold if it measures 3.5 feet in diameter
and can hold water to a depth of 4 feet?

Area and Volume 23
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12. A water main has just been laid and needs to be disinfected. The main is 30" in
diameter and has a length of 0.25 miles. How many gallons of water will it hold?

13. A water main is 10” in diameter and has a length of 5,000 feet. How many million
gallons of water will it hold?

14. A 3 million gallon water tank needs to be disinfected. The method you will use
requires you to figure 5% of the tank volume. How many gallons will this be?

15. Whatis 5% of a 1.2 MG tank?

CONVERSIONS

16. How many seconds in 1 minute?

17. How many minutes in 1 hour?

18. How many hours in 1 day?

19. How many minutes in 1 day?

24 Area and Volume
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20.

21.

22.

23.

24,

25.

26.

How much does 1 ft® of water weigh (pounds)?

How many cubic yards of dirt is 700 ft>?

1050 ft* of dirt is being excavated, how many yd® is this?

A one-quarter mile segment of pipeline is being flushed, how many feet of pipeline

is this?

How many feet of pipe is needed for 2 miles of new line?

A three-eighths mile segment of pipeline is to be repaired. How many feet of
pipeline is this?

If there is a 2,200 gallon tank full of water, how many pounds of water is in the tank?

ANSWERS:

Area and Volume 25
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ANSWERS:

540 ft?

2,250 ft
3.14 ft?

3.14 ft?

0.022 ft
1,000 ft3
9,050.8 gal
235,590 gal
359.04 gal
10. 317.1 gal

11. 287.7 gal

12. 48,442.35 gal
13.  0.02 MG

14. 150,000 gal
15. 60,000 gal or 0.06 MG

©CoNorwNE

16. 60

17. 60

18. 24

19. 1440
20. 62.41bs
21. 25.9yd?
22. 389yd?

23. 1320 feet
24. 10,560 feet
25. 1,980 ft

26. 18,348 Ibs

26 Area and Volume
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Velocity and Flow

W TDEC - Fleming Training Center

---------------------

Velocity

Velocity = distance
time
Velocity is expressed in units such as ft/sec,
miles/hour, ft/min, etc
The time unit of velocity can be different, as
long as it is the same within each problem.

TDEC - Fleming Training Center 2

Velocity: Practice

The space shuttle travelled 4000 ft in 6 seconds,
what was the velocity in ft/sec?

/

s{)\‘;:é Velocity = distance

time

Velocity = 4000 ft = 666.67 ft/sec
6 sec

TDEC - Fleming Training Center

Flow

Flow is symbolized by the letter Q.
Q = (Area) (velocity)

Basically, flow is a volume over time.

TDEC - Fleming Training Center 4

28 Flow and Velocity




TDEC - Fleming Training Center

Section 3

Flow through a channel

Q, ft3/sec = (width, ft)(depth, ft)(velocity, ft/sec)

What is the flow in cfs for a channel that is 2 ft wide, 4
ft deep with water moving at 1.5 ft/sec?

Q, ft3/sec = ( width, ft)(depth, ft)(velocity ft/sec)

Q, ft3/sec = (2 ft)(4 ft)(1.5 ft/sec) = 12 ft3/sec

TDEC - Fleming Training Center 5

(O Flow through a pipeline
Q, ft? /sec = (0.785) (Diameter, ft)?(velocity ft/sec)

What is the flow in cfs for a 2 ft diameter pipe flowing
full at a velocity of 3 ft/sec?

Q, ft3 /sec = (0.785)(Diameter, ft)(velocity, ft/sec)
Q, ft3 /sec = (0.785)(2 ft)(2 ft)(3 ft/sec)

Q ft3 /sec = 9.42 ft3/sec

TDEC - Fleming Training Center 3

Notes

Make sure you square the diameter.
Make sure you convert inches to ft.
Look at the units you are asked to find.

P w NP

The flow formulas come out in ft3/sec but
you may be asked to find gal/min or MGD.

5. Use the flow conversion box chart on page 3
or use dimensional analysis to convert flows
to the units desired.

TDEC - Fleming Training Center

Flow and Velocity 29
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Applied Math for Distribution
Flow Conversions

1. Express a flow of 5 cfs in terms of gpm.

2. What is 38 gps expressed as gpd?

3. Convert a flow of 4,270,000 gpd to cfm.

4, What is 5.6 MGD expressed as cfs? (round to nearest tenth)

5. Express 423,690 cfd as gpm.

6. Convert 2730 gpm to gpd.

Aep/|eE pozTERE (19 wdB tozz (s

SELFSVURE YR LIW/EY) 96E (B pds pozesze (7 wdB vrzz (1

30 Flow and Velocity
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Applied Math for Distribution
Flow and Velocity

Velocity

1. Acorkis placed in a channel and travels 370 feet in 2 minutes. What is the velocity of the
wastewater in the channel, ft/min?

2. Afloat travels 300 feet in a channel in 2 minutes and 14 seconds. What is the velocity in the
channel, ft/sec?

3. The distance between manhole #1 and manhole #2 is 105 feet. A fishing bobber is dropped
into manhole #1 and enters manhole #2 in 30 seconds. What is the velocity of the
wastewater in the sewer in ft/min?

é - Distance Traveled, ft ‘ é

Float _ )
Velocity = Distance Traveled, ft

Duration of Test, min

= ft/min

LW 0TE (8 BUTTE LWL SBT (T

Flow and Velocity 31
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Velocity,
ft/time
depth, ft
width, ft
Q = (A) (V)

fiftime  (fO)(ft) (ft/time)

Flow in a channel
4. A channel 48 inches wide has water flowing to a depth of 1.5 feet. If the velocity of the
water is 2.8 ft/sec, what is the flow in the channel in cu ft/sec?

5. A channel 3 feet wide has water flowing to a depth of 2.5 feet. If the velocity through the
channel is 120 feet/min, what is the flow rate in cu ft/min? in MGD?

6. A channel is 3 feet wide and has water flowing at a velocity of 1.5 ft/sec. If the flow
through the channel is 8.1 ft*/sec, what is the depth of the water in the channel in feet?

HaTis A9 696 LI/ 3 006 (5 285/ 89T 'F

32 Flow and Velocity
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Diameter, ft Velocity, ft/time

v

Q (A) (V)
ft*/time ft>  (ft/time)

Q (0.785) (D )* (vel )
ft3/time (ft)(ft) (ft/time)

Flow through a full pipe

7.

10.

The flow through a 2 ft diameter pipeline is moving at a velocity of 3.2 ft/sec. What is the
flow rate in cu ft/sec?

The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec. What is the
flow rate in ft*/sec?

The flow through a pipe is 0.7 ft*/sec. If the velocity of the flow is 3.6 ft/sec, and the pipe is
flowing full, what is the diameter of the pipe in inches?

An 8 inch diameter pipeline has water flowing at a velocity of 3.4 ft/sec. What is the flow
rate in gpm?

wdB ¢zes (o1 ugie 235/E31 65008 JBS/EU0T (L

Flow and Velocity 33
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APPLIED MATH FOR DISTRIBUTION
FLOW RATE

Q = AV

1.

34

A channel is 3 feet wide with water flowing to a depth of 2 feet. If the velocity in
the channel is found to be 1.8 fps, what is the cubic feet per second flow rate in
the channel?

A 12-inch diameter pipe is flowing full. What is the cubic feet per minute flow rate
in the pipe if the velocity is 110 feet/min?

A water main with a diameter of 18 inches is determined to have a velocity of 182
feet per minute. What is the flow rate in gpm?

A 24-inch main has a velocity of 212 feet/min. What is the gpd flow rate for the
pipe?

What would be the gpd flow rate for a 6” line flowing at 2 feet/second?

Flow and Velocity
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6. A 36” water main has just been installed. According to the Design Criteria for the
State of Tennessee, the minimum flushing velocity is 2 ft/sec. If the main is

flushed at 2.5 ft/second, how many gallons/minute should be flushed from the
hydrant?

7. A 36” water main has just been installed. If the main is flows at 2 ft/second, how
many MGD will the pipe deliver?

8. A certain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water

is known to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate
for the pipe?

HYDRANT FLOWS

9. A water crew is flushing hydrants on a 12-inch diameter main. The pitot gage

reads 560 gpm being flushed from the hydrant. What is the flushing velocity (in
feet/min) through the pipe?

Flow and Velocity 35
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10. A water crew is flushing hydrants on a 24-inch diameter main. The pitot gage
reads 1,800 gpm being flushed from the hydrant. What is the feet/sec velocity
through the pipe?

11. A water crew is flushing hydrants on a 8-inch diameter main. The pitot gage reads
630 gpm being flushed from the hydrant. What is the feet/sec velocity through the

pipe?

VELOCITY (OPEN CHANNEL)

12. Afloat is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the
velocity in feet per minute in the channel? (Assume that float is traveling at the
average velocity of the water.)

13. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

36 Flow and Velocity
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14. A channel is 4 feet wide with water flowing to a depth of 2.3 feet. If a float placed
in the channel takes 3 minutes to travel a distance of 500 feet, what is the cubic-
feet-per-minute flow rate in the channel?

FLOW

15.  The average velocity in a full-flowing pipe is measured and known to be 2.9 fps.
The pipe is a 24” main. Assuming that the pipe flows 18 hours per day and that
the month in question contains 31 days, what is the total flow for the pipe in MG
for that month?

16.  The flow entering the leg of a tee connection is 9 cfs. If the flow through one
branch of the tee is 5 cfs, what is the flow through the other branch? ]

S5cfs

90fs—>0

— U
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17.

18.

x cfs

A water line has been run to a new subdivision. The flow through the main line is
468 gpm. The line splits into two lines (each serving half of the subdivision). If one
line flows 210 gpm, what should be the flow from the other line?

—

\\

—

If the velocity in the 10-inch diameter section of pipe is 3.5 fps, what is the feet-
per-second velocity in the 8-inch diameter section?

v=3.51ps v="?fps

d=10inches O d =8 inches

TIME to FILL

19.

38

A new 500 foot section of 18-inch main is being flushed at a rate of 300 gpm. How
many minutes will it take to flush the line?

Flow and Velocity
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20. How many minutes will it take to flush an 8-inch line that is ¥4 mile long if it is
flushed at a rate of 550 gpm?

21. A new 12-inch main 500 feet long needs to be flushed to remove the chlorine.
How many minutes will it take to flush the line if it is flushed at a velocity of 2
ft/sec?

BONUS
22.  Determine the velocity in ft/sec at points A, B, & C.

B

A 620 gpm
() 4-in dia

Ao )
910 gpm

6-in dia ]
- C

gpm
3-in dia

Flow and Velocity 39
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40

10.8 ft’/sec
86.35 ft>/min
2,404.5 gpm
7,170,172.42 gpd
253,662.76 gpd
7,926.93 gpm
9.13 MGD

9.47 MGD
95.38 ft/min
1.28 ft/sec
4.02 ft/sec

120 ft/min

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Flow and Velocity

TDEC - Fleming Training Center

1.5 ft/sec

1,533.3 ft3/min
136.8 MG

4 ft3/sec

258 gpm

5.47 ft/sec

22.02 min

6.26 min

4.17 min

A. 10.33 ft/sec
B. 15.84 ft/sec
C. 13.17 ft/sec
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TDEC - Fleming Training Center

‘L Pump Heads

Distribution Math
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TDEC - Fleming Training Center

Definitions

I
= Suction Side - the inlet, or low-pressure, side

= Discharge Side - the outlet, or high-pressure, side

= Pump Center Line - the reference line from which pump
head measurements are made; imaginary line drawn
through center of the pump

» Static Heads - measured when pumps are off

= Dynamic Heads - measured with the pump running and
water flowing through system
= Static Suction Head - difference in elevation between the

pump center line and the free water surface of the reservoir
feeding the pump; reservoir is higher than the pump

Pressure and Force
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TDEC - Fleming Training Center

Definitions
|

= Static Suction Lift - difference in elevation between the pump
center line and the free water surface of the reservoir
feeding the pump; reservoir is lower than the pump
= Static Discharge Head - difference in height (elevation)
between the pump center line and the level of the discharge
free water surface
= Total Static Head - the total height that the pump must lift
the water when moving it from reservoir 1 to reservoir 2
= for reservoirs higher than pump
= discharge head, ft. - suction head, ft.
= for reservoirs lower than pump

= suction lift, ft. + discharge head, ft. 3

TDEC - Fleming Training Center

Definitions

= Total Dynamic Head - total static head plus head loss from
friction and minor head loss
= these head losses result from friction as the water rubs against the
pipeline and from friction as the water changes direction through
valves and orifices
s HGL (Hydraulic Grade Line) - a line indicating the piezometric
level of water at all points along a conduit, open channel or
stream.

= Head Loss - the amount of energy used up by water moving
from one point to another
= Friction Head Loss - an energy loss caused by the friction of
water moving over a rough surface
= Minor Head Loss - energy loss caused by sudden changes in
either direction or velocity of flow 4

Pressure and Force

Section 4
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Reservoir Feeding Pump Higher Resonyoip e e cener
Than Pump I .
Total L 2
Static
Head .
Reservoir _Statlc
. Discharge
Static Head
1 Suction
Head
T H H
Pump Off

Static Suction Head = Reservoirl - Pump Center Line
Static Discharge Head = Reservoir2 - Pump Center Line
Total Static Head = Discharge Head - Suction Head

Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump
779 ft The elevation of Reservoir 1 is 615 ft,
2 Reservoir 2 is 779 ft, and the pump
TOTAL center line is 501 ft.
615 ft
1 discharge a. Suction head
615 ft - 501 ft = 114 ft
suction b. Discharge head
S%ft 779 ft - 501 ft = 278 ft
c. Total static head
Pump

= discharge - suction
278 ft - 114 ft = 164 ft

Pressure and Force
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TDEC - Fleming

Reservoir Feeding Pump Lower Than Pump Training Center

Reservoir
2
Total Static
Static Discharge
Head Head

Static I I
Suction { (

Lift

1 Static Suction Lift = Pump Center Line - Reservoirl
Static Discharge Head = Reservoir2 - Pump Center Line
Total Static Head = Suction Lift + Discharge Head

Reservoir 7
Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump

624 ft The elevation of Reservoir 1 is 431 ft,

2 Reservoir 2 is 624 ft, and the pump
center line is 557 ft.

discharge a. Suction head

TOTAL 557 ft - 431 ft = 126 ft
b. Discharge head

5524t 624 ft - 557 ft = 67 ft
c. Total head = discharge + suction

Pump 67 ft + 126 ft = 193 ft
suction
1 431 ft

Pressure and Force 45
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Suction Side Higher than Pump \ ResaPéifleming Taining Center
// o~ =
C‘b\f/
Total Q}' L 2
Dynamic
Head // _
Reservoir /I Dynamic
. ,/ Discharge
N '/ Head
1 Dynamic
Suction
T Head
[ =
Pump On
Dynamic Suction Head = (Suction Side Pressure)(2.31 ft/psi)
Dynamic Discharge Head = (Discharge Side Pressure)(2.31 ft/psi)
Total Dynamic Head = Dynamic Discharge Head — Dynamic Suction Head .

Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump
779 ft Reservoir 1: free water surface at 402 ft
2 Reservoir 2: free water surface at 779 ft
Pump Center line: 365 ft
402 ft Suction gage reads 168 psig
1 Discharge gage reads 345 psig
What is the Total Dynamic Head?
365§t
— p— a. Suction_ head _
pressire (168 psi)(2.31 ft/psi) = 388.08 ft
gauges b. Discharge head
(345 psi)(2.31 ft/psi) = 796.95 ft
Total Dynamic Head = discharge - suction
=796.95 ft - 388.08 ft = 408.87 ft
10
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Rese rVOi r FEEd | nq Pump TDEC - Fleming Training Center
Higher Than Pump
797 ft
[ et a. Suction head
TOTAL / . .
pynamic| 2 (168 psi)(2.31 ft/psi) =
HEAD 15 388.08 ft
/T b. Discharge head =
(345 psi)(2.31 ft/psi) =
f\m LIS discharge 796.95 ft
Lo~ c. Total Dynamic Head =
discharge - suction
LA = 796.95 ft - 388.08 ft
=408.87 ft
suction
365 ft
168 psig 345 psig
pressure
gauges 1
SUCtIOﬂ Slde LOWGI‘ than P|De TDEC - Fleming Training Center
/' Reservoir
ll 1 \‘
/ 2
!
1
Total Dynamic
Dynamic Discharge
Head Head
3
)
]
{ Purpp On
=~L-] I;D'ynamic Suction Lift
1
Dynamic Suction Lift = (Suction Pressure)(2.31 ft/psi)
Reservoir Dynamic Discharge Head = (Discharge Pressure)(2.31 ft/psi)
Total Dynamic Head = Suction Lift + Discharge Head |,

Pressure and Force a7
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Pressure and Force

1. Convert 27 ft to psig.

2. Convert 79 psig to ft.

3. A water reservoir has 375 ft of water in it. What is the pressure gauge reading if
the gauge is located 5 feet above ground level?

4. A water tank has a pressure gauge located 3 feet below ground. Its current
reading is 70 psig. How many feet of water are in the tank?

5. Determine the force.
Pressure = 40 psig
Length = 2 ft
Width = 1ft

48 Pressure and Force
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6. A small cylinder on a hydraulic jack is 10 in. in diameter. A force of 130 |b is

applied to the small cylinder. If the diameter of the large cylinder is 2.5 ft, what is
the total lifting force?

Pressure and Force 49
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APPLIED MATH FOR DISTRIBUTION
PRESSURE & FORCE

1. : Amount of force causing water to move.
2. Pressure exerted by water depends on

3. 1psi = ft of water.

4. Convert feet of head to pressure:

50,000 gall\

\

140 ft >

130 ft >

25,000 gal\\

""""" < 70 ft

50 Pressure and Force
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5.

10.

Convert 14 ft to psig.

Convert 127 ft to psig.

Convert 32 psig to ft of head.

Convert 3 psig to ft of head.

Convert 250 ft to psig.

Convert 16 psig to ft of head.

Pressure and Force

Section 4
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11.
Convert feet
of head to

pressure.

200 ft 80 ft

12.

Convert pressure
to feet of head.

56 psig 44 psig 32 psig 20 psig

Q Q9 ©

il
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13. Pressure
Surface area
Force

14. Pressure
Length
Width
Force

15.  Hydraulic jack
Applied force
Area (operating)
Area (lifting)
Resulting force

12 psig
120 in®
?

40 psig
2 ft
1ft

150 Ibs

5 in?

100 in?
?

Pressure and Force

Section 4
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16.

17.

18.

54

How many feet of water are in the bowl of the tank if the pressure gage is
reading 75 psig?

How many feet are between the surface of the water and the overflow when the
pressure gage is reading 75 psig?

What will be the reading on the pressure gage if the water is at the overflow?

OVERFLOW

[Bow |

Pressure
Gauge | - .

Pressure and Force



TDEC - Fleming Training Center

ANSWERS:

1. pressure

2. height/depth,
density

3. 2.31

4. see diagram

5. 6.06 psi

6. 54.98 psi

7. 73.92 ft

8. 6.93 ft

9. 108.23 psi

10. 36.96 ft

11. see diagram

12.  see diagram

13. 1,440 Ibs total force

14. 11,520 Ibs force

15. 3,000 Ibs

16. 18.25 feet

17.  21.75 feet

18. 84.42 psi

Pressure and Force

Section 4
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Applied Math for Distribution
Pressure and Force
Practice Quiz

1. Convert a pressure of 26 ft to pounds per square inch.

2. A head of 310 ft of water is equivalent to what pressure in psi?

3. A pressure of 42 psig is equivalent to how many feet of water?

4. A water tank has 250 feet of water in it. What is the pressure gage reading at ground level?

5. A water tank has a pressure gage located 4 ft above the ground. Its current reading is 60
psig. How many feet of water are in the tank?

6. A water tank has a pressure gage located 2 ft below the ground level in a pit. Its current
reading is 60 psig. How many feet of water are in the tank?

93T HITFTS

Sisd a0t (' Hiele SisdyeT(z Sisd 1Tl
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Meter Accuracy

TENMESSEE DEPARTMENT OF
ENYIRONMENT AND CONSERVATION

TDEC - Fleming Training Center 1

Meter Accuracy

#* The actual amount of water flow through a meter
versus the amount registered by the meter

# Expressed as a percentage

Meter _ (volume of water registered, gal)
accuracy actual volume, gal

X100

TDEC - Fleming Training Center 2
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Meter Accuracy

# Smithville performed an accuracy test for a water meter. 750 gallons
were allowed to flow through the meter. The meter registered 741
gallons flowed through the meter during the test. What is the
accuracy of this meter?

accuracy 750 gal

X100 = 98.8%

TDEC - Fleming Training Center

Meter _ (volume of water registered, gal) , ;4
accuracy actual volume, gal
Meter _ 741qal

METER

TYPE

AWWA % AT
STANDARD NORMAL
TEST FLOW

Accuracy Requirements for New Meters

% AT
MINIMUM
TEST FLOW

Displacement 98.5-101.5 95 - 101
Turbine Class | Cyo1 98.0 - 102.0 not required
Turbine Class Il Cy01 98.5-101.5 not required

Compound C702 97.0 - 103 change over point
Propeller Cyo4 98.0-102.0 95

TDEC - Fleming Training Center

Meter Accuracy

Section 5
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Water Consumption

# The amount of water used during a period of time

Consumption = Final reading - Initial reading

TDEC - Fleming Training Center 5
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Meter Accuracy

1. A meter being tested by a laboratory shows a reading of 1,023 gal. A volumetric
tank used to measure the water that flowed through the meter indicates the
actual volume is 1,044 gal. What is the percent accuracy of the meter to the
nearest 100" percent?

2. A water meter is tested at the system’s workshop. The meter reads 375 gallons.
The actual flow was measured in a volumetric tank 3 feet in diameter. During the
test the water rose 7 feet in the tank. Determine the meter accuracy as a
percentage.

3. A positive displacement meter being tested reads 1,288 gal. A volumetric tank
shows the actual value is 1,321 gal. What is the percent accuracy of the meter?
Does the meter meet AWWA standards?

Meter Accuracy 61
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METER ACCURACY

APPLIED MATH FOR DISTRIBUTION

ACCURACY REQUIREMENTS FOR NEW METERS

METER AWWA STANDARD % AT NORMAL % AT MINIMUM
TYPE TEST FLOW TEST FLOW
Displacement C700 98.5-101.5 95 -101
Turbine Class | C701 98.0 - 102.0 not required
Turbine Class 11 C701 98.5-101.5 not required
Compound C702 97.0 - 103 change over point
Propeller C704 98.0 - 102.0 95

1. During a test for meter accuracy 300 gallons were allowed to flow through a
meter. The meter registered that 283 gallons flowed through the meter
during the test. What is the accuracy of this meter?

2. During a test for meter accuracy 400 gallons were allowed to flow through a
meter. The meter registered that 450 gallons flowed through the meter
during the test. What is the accuracy of this meter?

3. On Tuesday, a meter read 001234 gallons. The following Tuesday, it read

450345 gallons. What is the daily average consumption?

62
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4. On Tuesday, a meter read 015050 gallons. The following Tuesday, it read
203349 gallons. What is the daily average consumption?

5. A water meter is tested at the system’s workshop. The meter reads 155
gallons. The actual flow was measured in a volumetric tank 2.5 feet in
diameter. During the test the water rose 4.5 feet in the tank. Determine
the meter accuracy as a percentage.

6. A water meter is tested at the system’s workshop. The meter reads 40
gallons. The actual flow was measured in a volumetric tank 1.0 foot in
diameter. During the test the water rose 5.0 feet in the tank. Determine
the meter accuracy as a percentage.

7. A water meter is tested at the workshop. The meter reads 20.5 gallons.
The actual flow was measured in a volumetric tank 10-inches in diameter.

During the meter test 4.95 feet of water was added to the tank. Determine
the meter accuracy as percent.
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8. During a test a meter flowed 198 gallons. The meter registered at 210
gallons. What is the accuracy? Does the meter meet AWWA standards for
propeller meter?

9. During a test a meter flowed 375 gallons. The meter registered at 367
gallons. What is the accuracy? Does the meter meet AWWA standards for
displacement meters?

10. During a meter test a meter flowed 298 gallons. The meter registered 302
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a displacement meter?

11. During a meter test a meter flowed 175 gallons. The meter registered 181
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a compound meter?

64 Meter Accuracy
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12. During a meter test a meter flowed 485 gallons. The meter registered 515
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a turbine | meter?

13. During a meter test a meter flowed 685 gallons. The meter registered 695
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a displacement meter?

14. During a water meter test for accuracy, 150 gallons were allowed to flow
through a meter. The meter registered that 142.3 gallons flowed through
the meter during the test. What is the accuracy of the meter in percent?

ANSWERS:

1. 94.3% 9. 97.9%; no
2. 112.5% 10. 101.3%; yes
3. 64,158.71 gpd 11. 103.4%:; no
4. 26,899.86 gpd 12. 106.2%:; no
5. 93.9% 13. 101.5%; yes
6. 136.2% 14. 94.9%

7. 101.6%

8. 106.1%; no

Meter Accuracy 65
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TDEC - Fleming Training Center

‘L Pump Heads

Distribution Math
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TDEC - Fleming Training Center

Definitions

I
= Suction Side - the inlet, or low-pressure, side

= Discharge Side - the outlet, or high-pressure, side

= Pump Center Line - the reference line from which pump
head measurements are made; imaginary line drawn
through center of the pump

» Static Heads - measured when pumps are off

= Dynamic Heads - measured with the pump running and
water flowing through system
= Static Suction Head - difference in elevation between the

pump center line and the free water surface of the reservoir
feeding the pump; reservoir is higher than the pump

Head and Head Loss
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TDEC - Fleming Training Center

Definitions
|

= Static Suction Lift - difference in elevation between the pump
center line and the free water surface of the reservoir
feeding the pump; reservoir is lower than the pump
= Static Discharge Head - difference in height (elevation)
between the pump center line and the level of the discharge
free water surface
= Total Static Head - the total height that the pump must lift
the water when moving it from reservoir 1 to reservoir 2
= for reservoirs higher than pump
= discharge head, ft. - suction head, ft.
= for reservoirs lower than pump

= suction lift, ft. + discharge head, ft. 3

TDEC - Fleming Training Center

Definitions

= Total Dynamic Head - total static head plus head loss from
friction and minor head loss
= these head losses result from friction as the water rubs against the
pipeline and from friction as the water changes direction through
valves and orifices
s HGL (Hydraulic Grade Line) - a line indicating the piezometric
level of water at all points along a conduit, open channel or
stream.

= Head Loss - the amount of energy used up by water moving
from one point to another
= Friction Head Loss - an energy loss caused by the friction of
water moving over a rough surface
= Minor Head Loss - energy loss caused by sudden changes in
either direction or velocity of flow 4

Head and Head Loss

Section 6

69



Section 6

70

TDEC - Fleming Training Center

Reservoir Feeding Pump Higher Resonyoip e e cener
Than Pump I .
Total L 2
Static
Head .
Reservoir _Statlc
. Discharge
Static Head
1 Suction
Head
T H H
Pump Off

Static Suction Head = Reservoirl - Pump Center Line
Static Discharge Head = Reservoir2 - Pump Center Line
Total Static Head = Discharge Head - Suction Head

Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump
779 ft The elevation of Reservoir 1 is 615 ft,
2 Reservoir 2 is 779 ft, and the pump
TOTAL center line is 501 ft.
615 ft
1 discharge a. Suction head
615 ft - 501 ft = 114 ft
suction b. Discharge head
S%ft 779 ft - 501 ft = 278 ft
c. Total static head
Pump

= discharge - suction
278 ft - 114 ft = 164 ft

Head and Head Loss
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TDEC - Fleming

Reservoir Feeding Pump Lower Than Pump Training Center

Reservoir
2
Total Static
Static Discharge
Head Head

Static I I
Suction { (

Lift

1 Static Suction Lift = Pump Center Line - Reservoirl
Static Discharge Head = Reservoir2 - Pump Center Line
Total Static Head = Suction Lift + Discharge Head

Reservoir 7
Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump

624 ft The elevation of Reservoir 1 is 431 ft,

2 Reservoir 2 is 624 ft, and the pump
center line is 557 ft.

discharge a. Suction head

TOTAL 557 ft - 431 ft = 126 ft
b. Discharge head

5524t 624 ft - 557 ft = 67 ft
c. Total head = discharge + suction

Pump 67 ft + 126 ft = 193 ft
suction
1 431 ft
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Suction Side Higher than Pump \ ResaPéifleming Taining Center
// o~ =
C‘b\f/
Total Q}' L 2
Dynamic
Head // _
Reservoir /I Dynamic
. ,/ Discharge
N '/ Head
1 Dynamic
Suction
T Head
[ =
Pump On
Dynamic Suction Head = (Suction Side Pressure)(2.31 ft/psi)
Dynamic Discharge Head = (Discharge Side Pressure)(2.31 ft/psi)
Total Dynamic Head = Dynamic Discharge Head — Dynamic Suction Head .

TDEC - Fleming Training Center

Hydraulic Grade Line

m The surface or profile of water flowing
in an open channel or pipe flowing
partially full

» If a pipe is under pressure, the HGL is
that level water would rise to in a small,
vertical tube connected to the pipe

10
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Reservoir Feeding Pump Higher TDEC - Fleming Training Center
Than Pump
779 ft Reservoir 1: free water surface at 402 ft
2 | Reservoir 2: free water surface at 779 ft
Pump Center line: 365 ft
402 ft Suction gage reads 168 psig
1 Discharge gage reads 345 psig
What is the Total Dynamic Head?
365.ft
- - a. Suction head
LN (168 psi)(2.31 ft/psi) = 388.08 ft
gauges b. Discharge head
(345 psi)(2.31 ft/psi) = 796.95 ft
Total Dynamic Head = discharge - suction
= 796.95 ft - 388.08 ft = 408.87 ft
11

Rese rVOi r Feed | nq Pump TDEC - Fleming Training Center
Higher Than Pump
797 ft
. [ et a. Suction head
TOTAL ! . .
pynamic|  / 2 (168 psi)(2.31 ft/psi) =
HEAD I 388.08 ft
i b. Discharge head =
(345 psi)(2.31 ft/psi) =
A02ft 17 discharge 796.95 ft
Lo~ c. Total Dynamic Head =
discharge - suction
SLCRIST = 796.95 ft - 388.08 ft
=408.87 ft
suction
365 ft
168 psig 345 psig
pressure
gauges 12
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SUCtIOI’l Slde Lower than P|De TDEC - Fleming Training Center
// Reservoir
III | \‘
II 2
Total Dynamic
Dynamic Discharge
Head Head
3/
Z/
571
{ Pumpip On
=~k D’ynamic Suction Lift

Dynamic Suction Lift = (Suction Pressure)(2.31 ft/psi)
Reservoir Dynamic Discharge Head = (Discharge Pressure)(2.31 ft/psi)
Total Dynamic Head = Suction Lift + Discharge Head ,,

Head and Head Loss



Head and Head Loss

1. If a pump discharges 10200 gallons in 4 hr and 20 min, what is the gpm
pumping rate?

2. A 25 ft diameter tank has water to a depth of 12 feet. The inlet valve is closed
and a 1 hour pumping test is begun. If the water in the tank at the end of the test
is 3.7 feet, what is the pumping rate in gallons per minute?

3. The elevation of reservoir 1 is 715 feet, reservoir 2 is 937 feet, and the pump
center is located at 578 feet. Calculate the following:

a. Static suction head

b. Static discharge head

c. Total static head



4. The elevation of tank number 3 is 246 feet, reservoir 4 is 521 feet. The pump
center line is at 378 feet. Calculate the following:

a. Static suction lift

b. Static discharge head

c. Total static head

5. The elevation of reservoir A is 250 ft, reservoir B is 320 ft and the pump
centerline is at 95 feet. The pressure gauge reading for the suction side of the
pump is 70 psi, and for the discharge side the gauge reads 150 psi. Calculate the
following:

a. Dynamic suction head

b. Dynamic discharge head

c. Total dynamic head

6. During a pumping test, 15,790 gallons are pumped into a tank. If the pump is
rated at 340 gpm, how many minutes did it take to fill the tank?



TDEC - Fleming Training Center Section 6

APPLIED MATH FOR DISTRIBUTION
PUMP RATES/PUMP HEAD PROBLEMS

1. The totalizer of the meter of the discharge side of our pump reads in hundreds of
gallons. At 3:10 PM the totalizer reads 272; at 4:40 PM it reads 635. What is the GPM

pumping rate?

2. During a 60-minute pumping test, 9,456 gallons are pumped into a tank which has a
length of 10 feet, width of 8 feet, and depth of 6 feet. The tank was empty before the
pumping test was started. What is the GPM rate?

3. During a 30-minute pumping test, 3680 gallons are pumped into a tank which has a
diameter of 10 ft. The water level before the pumping test was 3 ft. What is the GPM
rate?

Head and Head Loss 7
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4. A 50-ft diameter tank has water to a depth of 6 feet. The inlet valve is closed and a 2-
hour pumping test is begun. If the water level in the tank at the end of the test is 2.3
feet, what is the pumping rate in gallons per minute?

N
N

N
N

6 ft

{ N~
2.3t
N~

5. A tank has a length of 12 feet, a depth of 12 feet, a width of 12 feet, and has water to a
depth of 10 feet. If the tank can be emptied in 1 hour 37 minutes, what is the pumping
rate in gallons per minute?

6. During a pumping test, water was pumped into an empty tank 10 feet by 10 feet by 5
feet deep. The tank completely filled with water in 10 minutes 30 seconds. Calculate
the pumping rate in GPM.

7. During a 60 minute pumping test, 11,321 gallons are pumped into a tank which has a

length of 15 feet, a width of 10 feet and a depth of 8 feet. The tank was empty before
the pumping test was started. What is the GPM rate?
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8. A wet well is 15 feet long and 12 feet wide. The influent valve to the wet well is closed.
If a pump lowers the water level 1.25 feet during a 5-minute pumping test, what is the

gpm pumping rate?

9. A pump is discharged into a 55-gallon barrel. If it takes 35 seconds to fill the barrel,
what is the pumping rate in GPM?

10. A pump is rated at 300 gpm. A pump test is conducted for 3 minutes. What is the
actual gpm pumping rate if the wet well is 10 feet long and 8 feet wide and the water

level drops 1.33 feet during the pump test?

Head and Head Loss
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11.  The elevation of Reservoir 1 is 614 feet, Reservoir 2 is 789 feet, and the pump center
line is 599 feet.

Calculate the:
A. static suction head:
B. static discharge head:

C. total static head:

L2]

12.  The elevation of Reservoir 3 is 699 feet, Reservoir 4 is 789, and the pump center line is
722 feet.

Calculate the:

A. static suction lift:

B. static discharge head:
C. total static head:
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13.

14.

15.

Reservoir 4: free water surface is at 402 feet.
Reservoir 5:  free water surface is at 663 feet.
Pump Center Line: 365 feet

Suction gage reads 168 psig.

Discharge gage reads 300 psig.

What is the Total Dynamic Head?

(HINT: DRAW THE DIAGRAM WITH ALL KNOWN INFORMATION)

The elevation of Tank 1 is 620 feet, Tank 2 is 742 feet, and the pump centerline is 401
feet. Calculate:

A. static suction head
B. static discharge head
C. total static head

The elevation of Tank 1 is 250 feet, Tank 2 is 320 feet and the pump centerline is at 95
feet. The pressure gage reading for the suction side of a pump reads 90 psi. The
discharge gage reads 200 psi.

A. dynamic suction head

B. dynamic discharge head

C. total dynamic head
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17.
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TDEC - Fleming Training Center

The elevation of Tank 1 is 20 feet, Tank 2 is 316 feet, and the pump centerline is 120

feet. Calculate:

A. static suction lift
B. static discharge head
C. total static head

Reservoir 1: free water surface is at 102 feet.
Reservoir 2: free water surface is at 867 feet.

Pump Center Line: 237 feet
Suction gage reads 42 psig.
Discharge gage reads 381 psig.

What is the Total Dynamic Head?

Head and Head Loss
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Section 6

18.  During a pumping test, 12,600 gallons are pumped into a tank. If the pump is rated at
210 gpm, how many minutes did it take to fill the tank?

19. If atank 12 feet long, 12 feet wide, 12 feet deep, and holding water to a depth of 8 feet
can be emptied at a pumping rate of 575 gpm, how many minutes will it take to

remove all the water?

ANSWERS

. 403.33 gpm
157.6 gpm
122.67 gpm
452.62 gpm
111 gpm
356 gpm
189 gpm
337 gpm
94.3 gpm
265 gpm

. 15 ft
190 ft
175 ft
23 ft
67 ft
90 ft

— = O RN DU W~

p—
N
OFFO®>

13.
14.

15.

le.

17.
18.
19.

Head and Head Loss

305 ft

219 feet
341 feet
122 feet
208 feet
462 feet
254 feet
100 feet
196 feet
. 296 feet
977.13 feet

60 minutes

15 minutes

OFFOFRFOFEE
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APPLIED MATH FOR DISTRIBUTION
PUMP RATES/PUMP HEAD
PRACTICE QUIZ

1. During a 90-minute pumping test, 12,467 gallons are pumped into a tank that has a
length of 15 feet, width of 10 feet, and depth of 8 feet. The tank was empty before the
pumping test was started. What is the gpm rate?

2. A 55-ft diameter tank has water to a depth of 7.5 feet. The inlet valve is closed and a 2-
hour pumping test is begun. If the water level in the tank at the end of the test is 3.1
feet, what is the pumping rate in gallons per minute?

3. A tank 60 feet long, 32 feet wide and holding water to a depth of 15 feet is emptied at a
pumping rate of 225 gpm. How many hours does it take to empty the tank?
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The elevation of Reservoir 1 is 375 feet, Reservoir 2 is 582 feet, and the pump

centerline is 346 feet.

Calculate the:

A. static suction head:
B. static discharge head:
C. total static head:

Reservoir 1: free water surface is at 397 feet
Reservoir 2: free water surface is at 728 feet
Suction gage reads: 166 psig
Discharge gage reads:320 psig

What is the Total Dynamic Head?

(HINT: Draw all available information on diagram)

L2 ]
L]
ANSWERS:
1. 138.5 gpm 4.
2. 651.3 gpm
3. 16 hours

Head and Head Loss

wWo o e

29 ft
236 ft
207 ft
55.74 ft

Section 6

85



86



Section 7

Disinfection

87



Section 7 TDEC - Fleming Training Center

TDEC - Fleming Training Center

AWWA Standard for Disinfecting
Water Mains

TDEC - Fleming Training Center

Distribution Chlorination o AWWA standard C651
oSec. 1.1
e All new water mains shall be
disinfected before they are placed in
service.
e All water mains taken out of service for
inspection, repair, or other activities
that might lead to contamination of
W water shall be disinfected before they
are returned to service.

Disinfecting Water Mains and Storage
Tanks

TEMMISSEE DEPARTMENT OF
ENVIRONMINT AND COMSERVATION!

TDEC - Fleming Training Center TDEC - Fleming Training Center

Types of Chlorine Methods of Disinfection for Mains

o Liquid (gas) chlorine = 100% o Tablet Method
o Continuous Feed Method

o Sodium hypochlorite (bleach) = 15% o Slug Method

o Calcium hypochlorite (HTH) = 65%

= {
Wﬁ ) 4 —
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Tablet Method

o Cl, dose of 25 - 50 mg/L (not less
than 25)

o This method can only be used if
pipes have been kept clean and dry
during installation.

o Place HTH granules or tablets in the
main as it is being installed and
filling with potable water after
installation is complete.

o Hold chlorinated water for 24 hours.s

TDEC - Fleming Training Center

Continuous-Feed Method

o The main is completely filled to
remove air pockets

o Flushed to remove particulates, and
filled with potable water

o The potable water shall be
chlorinated so that after 24 hours, a
free chlorine residual of not less
than 10 mg/L is present.

TDEC - Fleming Training Center

Slug Method

o HTH granules are placed in the main
during construction

o Main is completely filled to eliminate
all air pockets

o Flushed to remove particulates

o Slowly flowing a slug of water
through the main at 100 mg/L of
chlorine for 3 hours

Textbook says 300 mg/L for 3 hours, but State Rules
1200-5-1-.17 says to use AWWA Standard C-651 B

TDEC - Fleming Training Center

Final Flushing of the Main

o Heavily chlorinated water should
not remain in contact with the pipe
and its appurtenances longer than
necessary.

o If the highly chlorinated water will
endanger the environment, a
neutralizing chemical should be
used.

Disinfection
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Bacteriological Testing 1200-5-1-17()0)

o After flushing and before the new main is
connected to the distribution system
bacteriological samples will be collected

e Two consecutive sets of samples, taken at least 24
hours apart

e A single set of samples 48 hours or longer after
flushing the highly chlorinated water from lines

o Samples in each set will be collected
approximately 2,500-foot intervals with
samples near the beginning point and at end

o The samples should be tested according to
Standard Methods.

TDEC - Fleming Training Center

AWWA Standards for Disinfection
of Storage Tanks

o Before placing into service, all
storage tanks shall be disinfected.
o There are standards for disinfecting
storage tanks covered by AWWA
C652, which covers materials, tank
preparation, disinfectant application
and sampling for coliform bacteria.

TDEC - Fleming Training Center

Methods for Disinfecting Storage
Tanks

o Method 1
e Water-tank shall be filled to overflow
level with enough chlorine added to
maintain at least 10 ppm residual for
24 hour period

1
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Methods for Disinfecting Storage
Tanks

o Method 2

W
e A solution of 200 ppm available : :

chlorine is applied directly to the entire
surface of the storage tank that comes
in contact with water when it is full for
at least 30 minutes

e Applied by brushing or spraying on

e Tank should be flushed with potable
water before put back into service

e WARNING: experienced operators only

12

90
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Methods for Disinfecting Storage
Tanks

o Method 3

e Water and chlorine are added to the
storage tank to make a 50 ppm
available chlorine that fills about 5% of
the total storage volume and held for 6
hours

e Tank is filled to the overflow level and
held for 24 hours

e A 2 ppm residual chlorine should
remain after 24 hour period

13
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Methods for Disinfecting Storage
Tanks

o Bacteriological Sampling and
Testing

e Storage tanks must be tested for
coliform bacteria after chlorination
procedure and before it is put back into
service

e If positive sample occurs, sampling
should be repeated until two
consecutive samples are negative

o If this does occur, tank must be
disinfected again and then tested

TDEC - Fleming Training Center

Calculations

Dose and demand,
Disinfection of mains,
Solutions and dilutions

..... SSE6 DEPARTMENT OF
ENVIRONMINT AND CONSERVATION

15
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Water Main Disinfection

o A 300 ft section of a 12” main has
been replaced. What is the volume
of water in gallons that must be
disinfected?

Volume = (0.785)(diameter)2(length)
= (0.785)(1 ft)(1 ft)(300 ft)
= 235.5 ft8

(235.5 t3)(7.48 gal/ft]) = 1761.5 gal

16
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Water Main Disinfection

o If the section of pipe in the previous
problem is disinfected with 50 mg/L
using 65% HTH, how many pounds of
HTH will be required?

Ib HTH = (dose, mg/L)(volume, MG)(8.34 Ibs/gal)
% chemical purity, as decimal

TDEC - Fleming Training Center

Solutions

o How many pounds of 65% HTH would
be needed to make up 10 gallons of a
1% solution?

HTH, Ibs = (%desired conc.)(des. vol)(8.34 Ibs/gal)
% HTH, as decimal

(0.01)(10 gah(8.34 Ibs/ gal)

0.65
= (50 mg/L)(0.0017615 MG)(8.34 Ibs/gal)
0.65 = 1.28 Ibs
= 1.13 Ibs v "
TDEC - Fleming Training Center TDEC - Fleming Training Center
Solutions Tank Disinfection

o How many gallons of 15% available
bleach would be needed to make up
10 gallons of a 1% solution?

Bleach, gal = (desired conc.)(desired vol)
% bleach, as decimal

= (0.01)(10 gal)
0.15

= 0.67 gallons 1

o You need to disinfect a 1MG tank
with method 3. How many pounds
of HTH (65%) would you need?

Volume = 5% of 1 MG = (0.05)(1 MG) = 0.05 MG

Ibs, HTH = (50 mg/L)(0.05 MG)(8.34 Ibs/qgal)
0.65

=32 lbs

20
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Fleming Training Center

Pipe Disinfection Formulas for 50 mg/L of HTH

If a pipe is of size not listed below, the following formula will
give the calculations needed to find the amount of HTH
needed, if the length of line is given:

Calculation Formula =
0.000026007(X)*(L)

L= the length of the line in feet,
X = the diameter in inches

Or, Use the following Chart, if Pipe Diameter is listed

MI

6 0.000935(L)

8 0.00166(L)

10 0.0026(L)

12 0.00374(L)

14 0.00509(L)

16 0.00665(L)

20 0.01038(L)

c24 0.01495(L)

Contact Randy Jones or Shannon Pratt at Fleming Training Center

(615) 898-8090
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Disinfection

1. How many pounds of 65% available chlorine HTH is needed to make 7 gallons
of a 13% solution?

2. How many gallons of 7% bleach is used to make 2 gallons of 4% solution?

3. A 1 million gallon storage tank is disinfected with 15 mg/L chlorine. How many
pounds of gas are required?

4. You have just laid 3 miles of a 12 inch line and it needs to be disinfected. How
many lbs of 65% HTH chlorine will be required to dose the line with 25 mg/L?

5. A 200,000 gallon storage tank is to be disinfected using AWWA Chlorination
Method 3. How many Ibs of HTH 65% available chlorine would be required?
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APPLIED MATH FOR DISTRIBUTION
DISINFECTION MATH

VOLUME

1.

A section of an old 8” water main has been replaced. The 350-foot section of pipe
needs to be disinfected. What is the volume (in gallons) to be disinfected?

A tank holds 1.8 million gallons. How many gallons is 5% of the total volume?

A barrel is used to mix up an HTH solution. The barrel is 3 feet in diameter and 4
feet tall. If water is filled to the 3.5 foot mark, how many gallons of HTH solution
are in the barrel?

A tank is 60 feet in diameter and has a distance of 90 feet to the overflow. How
many million gallons will the tank hold?

A ground level storage tank has a diameter of 75 feet. A pressure gauge located 5
feet from the ground level reads 45 psig. How many gallons does the tank
currently hold?
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6. A ground level storage tank has a diameter of 25 feet. A pressure gauge located 5
feet from the ground level reads 34 psig. How many gallons does the tank
currently hold?

7. A ground level storage tank has a diameter of 55 feet. A pressure gauge is located
6 feet under ground and the level reads 35 psig. How many gallons does the tank
currently hold?

HYPOCHLORITE

8. How many pounds of 65% available chlorine HTH is needed to make 1 gallon of
10% solution?

9. How many pounds of 65% available HTH is needed to make 5 gallons of 18%
solution?

10. How many gal of 5.25% bleach is used to make 1 gallon of 3% solution?
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11. How many gallons of bleach (15% available chlorine) will it take to make a 4%
solution when added to enough water to make 50 gallons of hypochlorite?

12. How many pounds of HTH (65% available chlorine) will it take to make a 2%
solution when dissolved in enough water to make 15 gallons of hypochlorite?

13. How many gallons of bleach (5.25% available chlorine) will it take to make a 2%
solution when added to enough water to make 8 gallons of hypochlorite?

USE THE FOLLOWING INFORMATION TO ANSWER # 14 - 17:

A section of pipe 250 feet long and 10 inches in diameter is filled with water. The
desired chlorine dose is 50 mg/L.

14. How many pounds of chlorine gas will be required?

15. How many pounds of 65% available HTH will be required?
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16. How many gallons of 15% available bleach will be required?

17. How many gallons of 5.25% available bleach will be required?

DISTRIBUTION DISINFECTION

18. A 50,000 gallon storage tank is disinfected with 10 mg/L chlorine. How many
pounds of gas are required?

19. You have just laid 5,000 feet of 10 inch line and it needs disinfecting. How many
Ibs of 65% HTH chlorine will be required to dose the line with 25 mg/L?

20. You have just laid 200 feet of 8 inch line and it needs disinfecting. How many |bs
of 65% HTH chlorine will be required to dose the line with 25 mg/L?
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21. You have just laid 34 mile long section of 16 inch line and it needs disinfecting.
How many pounds of 65% HTH chlorine will be required to dose the line with 10
mg/L?

22. You have just laid 25,000 feet of 24 inch line and it needs disinfecting. How many
Ibs of 65% HTH chlorine will be required to dose the line with 25 mg/L?

TANK DISINFECTION

23. The 50,000 gallon storage tank is disinfected using AWWA Chlorination Method 3
with 50 mg/L using HTH. How many pounds of HTH 65% available chlorine would
be required?

24. You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 3 to disinfect the tank. This method
requires you to make up a 50 mg/L available chlorine solution that will fill
approximately 5% of the tank volume. The tank holds 3 MG. How many gallons of
water and |bs of HTH 65% available chlorine will have to be added to meet the
above mentioned requirements?
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25.

26.

27.

28.

100

How many gallons of water and Ibs of HTH 65% available chlorine will have to be
added to disinfect a tank that holds 100,000 gallons using AWWA Chlorination
Method 3.

You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 2 to disinfect the tank. This method
requires that a 200 mg/L available chlorine solution be applied to all surfaces that
come into contact with potable water. The tank will require about 2,000 gallons of
the 200 mg/L chlorine solution. How many pounds of HTH 65% available chlorine
will be needed to make up this solution?

How many pounds of HTH 65% available chlorine will be needed to make up the
200 mg/L chlorine solution if the tank requires 5,500 gallons of the solution?

You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 1 to disinfect the tank. This method
requires that the tank be filled to the overflow with enough chlorine added to the
water to have a 10 mg/L residual in the tank after a 24 hour retention time. The
tank holds 2,000,000 gallons filled to the overflow. It has been determined that
the initial chlorine dose needs to be 25 mg/L. How many pounds of HTH 65%
available chlorine will it take to get the required dose?

Disinfection
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29. If a storage tank holds 1,000,000 gallons filled to the overflow, and the initial
chlorine dose needs to be 15 mg/L, how many pounds of HTH 65% available
chlorine will it take to get the required dose?

Answers:

1. 913 gal 16. 0.33 gal

2. 90,000 gal 17. 0.97 gal

3. 185 gal 18. 4.17 Ibs

4. 1.9 MG 19. 6.51bs

5. 3,598,496 gal 20. 0.17 Ibs

6. 306,581 gal 21. 5.3 Ibs

7. 1,329,500 gal 22. 188 Ibs

8. 1.3 Ibs 23. 1.61bs

9. 11.5 Ibs 24. 150,000 gallons, 96 Ibs
10. 0.57 gal 25. 5,000 gallons, 3.2 Ibs
11. 13.3 gal 26. 5.11bs

12. 3.8 1bs 27. 141 Ibs

13. 3 gal 28. 641.5 Ibs

14. 0.43Ibs 29. 192.5 Ibs

15. 0.65 Ibs
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HORSEPOWER AND EFFICIENCY

APPLIED MATH FOR

= ' PUMPS AND
ENYIRGNMENT AND CONSLRVATION MOTORS
|
1 TDEC - Fleming Training Center

TDEC - Fleming Training Center

Understanding Power
O

e Power is the measure of how much work is
done in a given amount of time

e The basic units for power measurement is foot-
pounds per minute and expressed as (ft-lb/min)
- in electric terminology = Watts

e This is work performed per time (work/time)

e One Horsepower: 1 HP = 33,000 ft-lb/min

e In electric terms: 1 HP = 746 Watts

TDEC - Fleming Training Center

Motor Brake Water
Horsepower Horsepower Horsepower
(MHER) (BHP) (WHP)

Pump
: Discharge
Electric Motor Coupling

Guard Bearing Housing

i@’ Impeller
Shaft i

Coupling Bearings Casing

TDEC - Fleming Training Center
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“Understanding Work and
Horsepower
O —

e Work: The exertion of force over a specific distance.
- Example: Lifting a one-pound object one foot.

e Amount of work done would be measured in foot-
pounds
- (feet) (pounds) = foot-pounds

e (1 pound object) ( moved 20 ft) = 20 ft-Ibs of work

TDEC - Fleming Training Center

Types of Horsepower
. |

e Motor Horsepower is related to the watts of electric
power supplied to a motor

e Brake Horsepower is the power supplied to a pump by
a motor

e Water Horsepower is the portion of power delivered to
a pump that is actually used to lift the water

e Water horsepower is affected by elevation and location
of the pump.

TDEC - Fleming Training Center

Computing Water Horsepower

e |t is the amount of horsepower required to lift
the water
e Formula for water horsepower (WHP)
WHP = (flow gpm) (total head feet)
3,960

33,000 ft-lb/min = 3960
8.34 105/,
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Computing Water Horsepower

e For example: A pump must pump 3,000 gpm
against a total head of 25 feet. What water
horsepower will be required?

e WHP = (3000 gpm)(25 head in ft)
3960

= 18.94

Section 8
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Brake Horsepower

G
e BHP = (flow, gpm) (head, ft)
(3960) (% pump efficiency)

e BHP = water HP
(% pump efficiency)

TDEC - Fleming Training Center

Motor Horsepower
G
e MHP = (flow, gpm) (head, ft)
(3960)(% pump eff.)(% motor eff.)

o MHP = brake HP
(% motor efficiency)

TDEC - Fleming Training Center

Pumps
MHP Motor BHP WHP
% motor eff % pump eff

Right to Left means you divide

10
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Pumps - BHP
MHP Motor BHP Q WHP
% motor eff x % pump
eff

1

TDEC - Fleming Training Center

Pumps - MHP
MHP Motor WHP
\% motor eff/ % pump eff

12
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Pumps
MHP Motor BHP WHP
% motor eff % pump eff

Left to Right means you multiply

13
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Pumps - BHP

MHP Motor BHP WHP

x % motor eff/: % pump eff

14
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Motor and Pump Efficiency

e Neither the motor nor the pump will ever be 100%
efficient

e Not all the power supplied by the motor to the pump
(Brake Horsepower) will be used to lift the water (Water
Horsepower)

e Power for the motor and pump is used to overcome
friction

e Power is also lost when energy is converted to heat,
sound, etc.

15
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Typical Efficiency
¢ |

e Pumps are generally 50-85 % efficient
e Motors are usually 80-95% efficient

e Combined efficiency of the motor and pump is
called wire-to-water efficiency

e Wire-to-Water is obtained by multiplying the
motor and pump efficiencies together

16
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Typical Efficiency
C |

e Example:
Motor Efficiency = 82% Wire to Water Efficiency

Pump Efficiency = 67% (0.82) (0.67) =0.55
0.55 x 100% = 55%

e Note: If not given, you will have to calculate both
motor and pump efficiency.

17
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Overall Efficiency
e —

e Must Know the WHP and the MHP
- If not given you will have to compute both.

e % Efficiency, overall = WHP
MHP

e % Over All Efficiency = 18.5 WHP = 53%
35 MHP

e In all cases, the bottom number will be larger than
the top number.

18
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Determining Pumping Costs

What was your
W electric bill last

ENYIRGHMENT AND SOMSERYATION mo nth ’)

Section 8
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Determining Pumping Costs
R

e Electrical Power is sold in units of kilowatt-
hours
e One Horsepower = 0.746 kilowatt

e To compute pumping costs, need to know the
power requirements (power demand) of the
motor and the length of time the motor runs

20
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Determining Pumping Costs
O

e For example, if you have a pumping job which
requires 25 HP and the cost is $0.035/kW-hr.
What is the pumping cost for one hour?

e Cost, $/hr = (MHP)(0.746 kW/HP)(cost, $/kW-hr)
= (25 HP)(0.746)($0.035/ KW-hr)
= $0.65/hr

21
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A Few Electrical Terms...
¢ ]

e Power (Watts) - amount of work done

e Voltage (volts) - electrical “pressure” available to cause
flow of electricity

e Amperage (amps) - the amount of flow of electricity
e power = (voltage)(amperage)
or

e Watts = (volts)(amps)
22
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Motor Ratings, Volts, Amps,
Single and Multiple Phases
G

e Power in reference to motors is in watts

- determined by multiplying the volts and ampere spec for the
particular motor used

e For example, a 220 volt motor which pulls 100 amps
would have a power wattage of 22,000 watts. What
would be the horsepower of this motor?

. HP = (volts)(amps) =(220)(100) = 29hp
746 watts/horsepower 746

23

TDEC - Fleming Training Center

Wattage Power Factor of Motors
C |

e There are two type of motors that we usually use.
They are:
- Single-Phase Motors
- Three-Phase Motors (usually any motor over 2 hp)

o kW, single Phase = (volts)(amps)(power factor)
11000 WanS/kilowatt

o KW, Three Phase = (volts)(amps)(power factor)(1.732)
11000 Wans/kl\owatt

2 Remember, if you are asked to find watts, don’t divide by 1,000
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POWER FACTOR OF MOTORS
G

e The power factor of a motor is computed by dividing
the watts by the volt and amp rating of the motor

e Power Factor =  watts
(volts)(amps)

e The power factor might be on the data plate, but will
always be in the manual

25

TDEC - Fleming Training Center

TDEC - Fleming Training Center

Amperes Single and Three Phase
G
® amps, single Phase = (746)(horsepower)

(volts)(%eff.)(power factor)

® amps, Three Phase =  (746)(horsepower)
(1.732)(volts)(%eff.)(power factor)

26
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Horsepower and Efficiency

1. A pump must pump 4,500 gpm against a total head of 75 feet. What
horsepower will be required to do the work?

2. If a pump is to deliver 325 gpm of water against a total head of 75 feet, and the
pump has an efficiency of 87%, what horsepower must be supplied to the pump?

3. The manual indicates that the output of a certain motor is 40 hp. How much
horsepower must be supplied to the motor if the motor is 95% efficient?

4. The water horsepower was calculated to be 20 hp. If the motor supplies the
pump with 23 hp, what must be the efficiency of the pump?
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5. What is the overall efficiency if 40 hp is supplied to the motor and 26 hp of
work is accomplished?

6. Given that 54 kilowatts (kW) power is supplied to a motor and the brake
horsepower is 31 hp, what is the efficiency of the motor?

7. A pump is discharging 1200 gpm against a head of 55 feet. The wire-water-
efficiency is 75 percent. If the cost of power is %0.038/kW hr, what is the cost of
the power consumed during a run of 105 hours?

8. What is the horsepower for a motor that is rated at 55 amps and 440 volts?
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9. Determine the power factor for a system that uses 4971 watts and pulls 12
amps at 440 volts.

10. If a single-phase motor pulls 15 amps at 220 volts and has a power factor of
1.2, how many kilowatts of power does it use?

11. How many watts of power does a three-phase motor use if it pulls 30 amps at
440 volts and has a power factor of 0.93?
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APPLIED MATH FOR DISTRIBUTION
PUMP HORSEPOWER/EFFICIENCY/COST/MOTORS

HORSEPOWER

1. A pump must pump 3,000 gpm against a total head of 25 feet. What
horsepower (water horsepower) will be required to do the work?

2. A flow of 555 gpm must be pumped against a head of 40 feet. What is the
horsepower required?

3. Suppose a pump is pumping a total head of 76.2 feet. If 900 gpm is to be
pumped, what is the water horsepower requirement?

4. Suppose a pump is pumping against a total head of 46 feet. If 850 gpm is
to be pumped, what is the horsepower requirement?

5. A pump is delivering a flow of 835 gpm against a total head of 35.6 feet.
What is the water horsepower?

Horsepower and Efficiency
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6. What is the water horsepower of a pump that is producing 1,523 gpm
against a head of 65 feet?

EFFICIENCY

7. If a pump is to deliver 360 gpm of water against a total head of 95 feet, and
the pump has an efficiency of 85 percent, what horsepower must be
supplied to the pump?

8. If a pump is to deliver 450 gpm of water against a total head of 90 feet, and
the pump has an efficiency of 70 percent, what horsepower must be
supplied to the pump?

9. The motor nameplate indicated that the output of a certain motor is 35 hp.
How much horsepower must be supplied to the motor, if the motor is 90%
efficient?

10. The motor nameplate indicated that the output of a certain motor is 20 hp.

How much horsepower must be supplied to the motor if the motor is 90
percent efficient?
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11.

12.

13.

14.

15.

114

You have calculated that a certain pumping job will require 9 whp. If the
pump is 80 percent efficient and the motor is 72 percent efficient, what
motor horsepower will be required?

You have calculated that a certain pumping job will require 6 whp. If the
pump is 80 percent efficient and the motor is 90 percent efficient, what
motor horsepower will be required?

Based on the gallons per minute to be pumped and the total head the pump
must pump against, the water horsepower requirement was calculated to be
18.5 whp. If the motor supplies the pump with 21 hp, what must be the
efficiency of the pump?

What is the overall efficiency if an electric power equivalent to 35 hp is
supplied to the motor and 18.5 hp of work is accomplished?

Suppose that 31 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 19 bhp, what is the efficiency of the motor?
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16. Suppose that 10 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 12 bhp, what is the efficiency of the motor?

PUMPING COST

17. The motor horsepower required for a particular pumping job is 39 hp. If
your power cost is $0.08/kW hr, what is the cost of operating the motor for
one hour?

18. The motor horsepower required for a particular pumping job is 30 hp. If
your power cost is $0.05/kW hr, what is the cost of operating the motor for
one hour?

19. You have calculated that the minimum motor horsepower requirement for a
particular pumping problem is 25 mhp. If the cost of power is $0.025/kW
hr, what is the power cost in operating the pump for 14 hours?
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20. A pump is discharging 1100 gpm against a head of 65 feet. The wire-to-
water efficiency is 70 percent. If the cost of power is $0.025/kW hr, what is

the cost of the power consumed during a week in which the pump runs 80
hours?

21. Given a brake horsepower of 18.5, a motor efficiency of 88 percent and a
cost of $0.015/kW hr, determine the daily power cost for operating a pump.

22. A pump is discharging 1500 gpm against a head of 80 feet. The wire-to-
water efficiency is 68 percent. If the cost of power is $0.035/kW hr, what is

the cost of the power consumed during a week in which the pump runs 90
hours?

MOTORS

23. What would be the horsepower on a motor that is rated at 36 amps and 440
volts?
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24. What would be the horsepower on a motor that is rated at 12 amps and 440
volts?

25. What would be the horsepower on a motor that is rated at 16 amps and 440
volts?

26. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 1?

27. How many watts of power does a single-phase motor use if it pulls 12 amps
at 220 volts and has a power factor of 0.8?

28. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 0.3?
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29. How many watts of power does a three-phase motor use if it pulls 20 amps
at 440 volts and has a power factor of 0.85?

30. How many watts of power does a three-phase motor use if it pulls 40 amps
at 440 volts and has a power factor of 0.9?

31. How many kilowatts of power does a three-phase motor use if it pulls 20
amps at 440 volts and has a power factor of 0.85?

32. What is the power factor on a system that uses 3872 watts and pulls 11
amps at 440 volts?

33. What is the power factor on a system that uses 3960 watts and pulls 10
amps at 440 volts?
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HORSEPOWER
18.9 hp

5.6 hp

17.3 hp

9.9 hp

7.5 hp

25 hp

ogokwhpE

EFFICIENCY
7. 10.2 hp
8. 14.6 hp
9. 389hp
10. 22.2 hp
11. 15.6 hp
12. 8.3 hp
13. 88%
14. 53%
15. 45.7%
16. 89.5%

ANSWERS

PUMPING COST

17. $2.33/hr
18. $1.12/hr
19. $6.53
20. $38.48
21. $5.65
22. $104.72

MOTORS

23. 21.2 hp

24. 7.1 hp

25. 9.4 hp

26. 1,320 watts
27. 2,112 watts
28. 396 watts

29. 12,955.4 watts
30. 27,434.9 watts
31. 13 kW

32. 0.8

33. 0.9

Horsepower and Efficiency
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120

APPLIED MATH FOR DISTRIBUTION
PUMP HORSEPOWER & EFFICIENCY
PRACTICE QUIZ

A pump must pump 2,500 gpm against a total head of 73 feet. What horsepower
(water horsepower) will be required to do the work?

A pump is delivering a flow of 1,035 gpm against 46.7 feet of head. What horsepower
will be required?

If a pump is to deliver 630 gpm of water against a total head of 102 feet, and the pump
has an efficiency of 78%, what power must be supplied to the pump?

You have calculated that a certain pumping job will require 10.1 whp. If the pump is
84% efficient and the motor is 73% efficient, what motor horsepower will be required?
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5. What is the overall efficiency if an electric power equivalent to 36 hp is supplied to the
motor and 16.3 hp of work is accomplished?

6. A pump is discharging 1,250 gpm against a head of 71 feet. The wire-to~-water
efficiency is 82%. If the cost fo power is $0.028/kW hr, what is the cost of the power
consumed during a week in which the pump runs 126 hours?

ANSWERS

46 hp
12.2 hp
20.8 hp
16.5 hp
45.3%
$71.93

SOk BN
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Applied Math for Distribution
Pump Math
Extra Problems

1. The brake horsepower of a pump is 22 hp. If the water horsepower is
17 hp, what is the efficiency of the pump?

2. If the motor horsepower is 50 hp and the brake horsepower is 43 hp,
what is the percent efficiency of the motor?

3. The motor horsepower is 25 hp. If the motor is 89% efficient, what is
the brake horsepower?

4. A total of 50 hp is supplied to a motor. If the wire-to-water efficiency of
the pump and motor is 62%, what will the Whp be?

5. The brake horsepower is 34.4 hp. If the motor is 86% efficient, what is
the motor horsepower?
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A pump must pump 1500 gpm against a total head of 40 ft. What
horsepower is required for this work?

If 20 hp is supplied to a motor (Mhp), what is the Bhp and Whp if the
motor is 85% efficient and the pump is 80% efficient?

A total of 35 hp is required for a particular pumping application. If the
pump efficiency is 85%, what is the brake horsepower required?

The motor horsepower requirement has been calculated to be 45 hp.
How many kilowatts electric power does this represent? (Remember, 1
hp = 746 watts)

The motor horsepower requirement has been calculated to be 75 hp.
During the week, the pump is in operation a total of 144 hours. If the
electricity cost is $0.06125 kW-hr, what would be the power cost that
week for the pumping?
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Answers:
1. 77%

2. 86%

3. 22.25hp

4. 31 hp

5. 40 hp

6. 15.15 hp

7. 17 Bhp, 13.6 Whp
8. 41.18 hp

9. 33.57 kW
10.$493.48

124
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TDEC - Fleming Training Center 1

TRENCHING

Applied Math for
Distribution Systems

Trench Safety
(2
O Trenches more than 5 feet:
O Require shoring
O Or must have a stabilized slope
O In hazardous soil conditions:
O Trenches under 5 feet need protection

o Spoil piles must be located at least 2 feet

from edge of trench
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Soil Classification System

o Type A Soails
g Clay
o Silty Clay
g Sandy Clay
g Clay Loam
o Type B Soils
O Granular Cohesionless Soils (Silt Loam)
o Type C Soils
a Gravel
a Sand
O Loamy Sand

TDEC - Fleming Training Center

Sloping and Benching Systems

90 Degrees 53 Degrees
Maximum

STABLE ROCK TYPE A
45 Degrees 34 Degrees
Maximum aximu

TYPEB TYPE C

TDEC - Fleming Training Center

Trench Calculations

Section 9
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Sloping Example Type A Soils
| s

TYPE A SOILS

3/4

TDEC - Fleming Training Center

Sloping Example Type B Soils
| s

TYPE B SOILS

TDEC - Fleming Training Center
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Sloping Example Type C Soils

TYPE C SOILS

TDEC - Fleming Training Center

Example

O A trench 575 feet long, 6 feet wide and 4 feet
deep needs to be dug to install a new water main.
How many cubic yards of earth must be moved?

Vol, ft3= (L, f1)(W, f1)(D, ft)
= (575 ft)(6 ft)(4 ft)
= 13,800 ft3

Vol, yd® = (13,800 ft3)
(27 yd3/13)
=511.11 yd®

TDEC - Fleming Training Center
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Example - Type A Sail

O A water main trench is 3 feet wide at the bottom and 10 feet
deep. The soil has been determined to be Type A Soil, which
uses a slope of 34 foot horizontal to every 1 foot vertical.
Based on this information, how many feet wide should the
trench need to be at the ground surface?

i’ x d| y =10t ( % f1)
LA | Y y=7.5ft
I I x=y+3ft+ty
I x=7.5f+3ft+7.5ft
| | x=18ft
I I
3 ft

TDEC - Fleming Training Center

Example - Type B Soil

O A water main trench is 3 feet wide at the bottom and 10 feet
deep. The soil has been determined to be Type B Soil, which
uses a slope of 1 foot horizontal to every 1 foot vertical.
Based on this information, how many feet wide should the
trench need to be at the ground surface?

|
! x i y =10 f (1 f)

Y Y y =10 ft

I x=y+3+y
I x=10f+3ft+10f
| | x = 23 ft

3 ft

TDEC - Fleming Training Center
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Example - Type C Sail

O A water main trench is 3 feet wide at the bottom and 10 feet
deep. The soil has been determined to be Type C Soil, which
uses a slope of 1 V2 foot horizontal to every 1 foot vertical.
Based on this information, how many feet wide should the
trench need to be at the ground surface?

L < N y=10f (1 ft)
! y y | y=15ft
| |
x=y+3+y
| | x=15ft+3ft+ 15t
| | x = 33 ft
3 ft

TDEC - Fleming Training Center
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Type A Soil - uses a slope of 3/4 foot horizontal for every 1
foot vertical.

3/4 foot across

1 foot deep

If 12 feet deep then:
=3/4+3/4+3/4 + ... (12 times)
or =12 (3/4)

Total width of trench at ground level
= 9ft + 3ft + 9ft
= 211t

Type B Soil - uses a slope of 1 foot horizontal for every 1 foot vertical.

Type C Soil - uses a slope of 1.5 foot horizontal for every 1 foot vertical.
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Trench Calculations

1. To lay a new water main a 700 foot long water main must be dug 5 feet wide
and 3 feet deep. How many cubic yards of earth must be moved?

2. A water main trench is 5 feet wide at the bottom and 10 feet deep. Based on
the information provided below, how many feet wide should the trench be at the
ground surface?

a. Type A soils

b. Type B soils

c. Type C soils
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APPLIED MATH FOR DISTRIBUTION
TRENCH MATH

1. A trench 450 feet long, by 5 feet wide, by 3 feet deep is to be dug for a new main. How
many cubic yards of earth must be moved?

2. A trench 6 feet wide, by 10 feet deep, with a length of 1/4 mile is to be dug for a new
main. How many cubic yards of earth must be moved?

3. A trench 3 feet wide, 8 feet deep, and 70 feet long is to be excavated. If the dump truck
being used holds 5 yd3 of earth, how many dump truckloads will need to be moved?
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4. A trench 4 feet wide, 10 feet deep, and 147 feet long is to be excavated. If the dump
truck being used holds 5 yd? of earth, how many dump truckloads will need to be
moved?

5. A trench 3 feet wide, 8 feet deep, and 70 feet long has been excavated. How many

cubic yards of gravel will be required (neglecting volume displaced by the pipe) if the
trench is to have 6 inches of gravel bedding?

6. A trench 4 feet wide, 10 feet deep, and 147 feet long is to be excavated. How many
cubic yards of gravel will be required (neglecting volume displaced by the pipe) if the
trench is to have 8 inches of gravel bedding?
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136

A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at
the ground surface?

A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
determined to be Type B Soil, which uses a slope of 1 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at
the ground surface?

A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal for every 1
foot vertical. Based on this information, how many feet wide would the trench need to
be at the ground surface?

Trench Calculations
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10. A water main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

11. A water main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

12. A water main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the
trench need to be at the ground surface?
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13.

14.

15.
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A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the
trench need to be at the ground surface?
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16. A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, what is the minimum distance from
the spoil pile on one side of the trench to the spoil pile on the other side of the trench?

ANSWERS:

1. 250 yd? 9. 39 feet
2. 2,933.33 yd? 10. 27.5 feet
3. 13 loads 11. 35 feet
4. 44 loads 12. 50 feet
5. 3.89 yd3 13. 13 feet
6. 14.52 yds 14. 16 feet
7. 21 feet 15. 22 feet
8. 27 feet 16. 26 feet
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APPLIED MATH FOR DISTRIBUTION
TRENCH MATH PRACTICE QUIZ

1. A trench 125 feet long, by 5 feet wide, by 4.5 feet deep is to be dug for a new main.
How many cubic yards of earth must be moved?

2. A trench 5 feet wide, 9 feet deep, and 60 feet long is to be excavated. If the dump truck
being used holds 5 yd3 of earth, how many dump truckloads will need to be moved?

3. A trench 6 feet wide, 11 feet deep, and 1,020 feet long has been excavated. How many
cubic yards of gravel will be required (neglecting volume displaced by the pipe) if the
trench is to have 10 inches of gravel bedding?
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4. A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at
the ground surface?

5. A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined to be Type B Soil, which uses a slope of 1 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at
the ground surface?

6. A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal for every 1
foot vertical. Based on this information, how many feet wide would the trench need to
be at the ground surface?
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7. A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

8. A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The
soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

9. A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the
trench need to be at the ground surface?

ANSWERS:

1. 104.2 yd?
2. 20 loads
3. 188.9 yd?
4. 24.5 feet
5. 31.5 feet
142
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Leak Testing

TDEC - Fleming Training Center 1

Allowable Leakage

e Testing allowance is defined as the quantity of
make-up water that must be supplied into any
newly laid pipe to maintain pressure within 5
psi of the specified test pressure after the pipe
line has been filled with water and the air has
been expelled

TDEC - Fleming Training Center 2
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Ductile Iron Pipe

* No ductile iron pipe installation should be
accepted if the amount of make-up water is
greater than that determined using the following
formula

SDVP
133,200
L = allowable leakage, gph
S = length of pipe tested, ft
D = diameter of pipe, in
P = average test pressure, psig

L=

TDEC - Fleming Training Center

PVC Pipe

_ _NDVP
L= 7,200
L = allowable leakage, gph

N = number of joints in length of pipeline
tested

D = diameter of pipe, in
P = average test pressure, psig

Where, N = pipeline length, ft

~ pipe section, ft/joint

TDEC - Fleming Training Center

Leak Test

Section 10
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Example

* A system has just laid 1500 feet of 12 inch PVC pipe.
Assuming that 20 foot sections of pipe were used
and that the average test pressure is 135 psi, what is
the allowable leakage rate in gallons per hour?

NDVP ipeli
_ _NDVP — _pipeline length
L 7400 N = pipe section
~ 20 ft/joint
| = 10457.055
- 7400
L =1.41 gph

TDEC - Fleming Training Center 5

Example

e A system just laid 3 miles of a 24 inch ductile iron
pipe and conducted a leak test. The average test
pressure was 200 psi. What is the allowable leakage
for this pipe in gallons per hour?

L _ﬂ Dist: = (3 mi)(5280 ft/mi)
~ 133,200 = 15840 ft
| = (15840 ft)(24 in)¥200 psi
B 133,200
5,376,274
==222277 _ 20. h
133,200 0.36 gp

TDEC - Fleming Training Center 6
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Leak Tests

1. Your system has just laid 3,500 feet of 10 inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressure is 145 psi, what is
the allowable leakage rate in gallons per hour?

2. A system has just laid 1.75 miles of 18 inch ductile iron pipe and conducted a
leak test. If the average test pressure was 215 psi, what is the allowable leakage
for this pipe in gallons per hour?

3. The average working pressure on a water main that has just been laid will be
115 psig. If the line needs to be tested at 150 psi or 1.5 times the working
pressure, whichever is greater, at what pressure should the city test its pipeline?
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APPLIED MATH FOR DISTRIBUTION
LEAK TEST CALCULATIONS

1. A system has just laid 2,500 feet of 6-inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressure is 135 psi, what is the
allowable leakage rate in gallons per hour?

2. Asystem has just laid 2.5 miles of 24-inch ductile iron pipe and conducted a leak
test. The average test pressure was 200 psi. What is the allowable leakage for this
pipe in gallons per hour?

3. A system has just laid 6,500 feet of 12-inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressure is 200 psi, what is the
allowable leakage rate in gallons per hour?
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4. A system has just laid 3.5 miles of 36-inch ductile iron pipe and conducted a leak

test. The average test pressure was 250 psi. What is the allowable leakage for this
pipe in gallons per hour?

5. A system wants to pressure test a ductile iron main that has just been laid. The
average working pressure of the line will be 90 psig. If the line needs to be tested at
150 psi or 1.5 times the working pressure, whichever is greater, at what pressure
should the city test its pipeline?

6. A system wants to pressure test a ductile iron main that has just been laid. The
average working pressure of the line will be 110 psig. If the line needs to be tested
at 150 psi or 1.5 times the working pressure, whichever is greater, at what pressure
should the city test its pipeline?

ANSWERS

1. 1.2 gph 5. 150 psi

2. 33.6 gph 6. 165 psi

3. 7.5 gph

4 79 gph
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APPLIED MATH FOR DISTRIBUTION
LEAK TEST PRACTICE QUIZ

1. You have just installed 5 miles of 10 inch ductile iron main. You want to perform a leak

test on the line. The test pressure will be 200 psi. What is the allowable leakage in
gallons per hour?

2. You have just laid 2.5 miles of 6 inch PVVC pipe. You want to perform a leak test on the
line. What is the allowable leakage in gallons per hour? Each section of pipe is 20 feet
long. The test pressure will be 200 psi.

ANSWERS
1. 28 gph
2. 7.6 gph
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Hydrant Flow

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center

Hydrant Flow

Flow froma  (2.83)(diameter, in)?*(length, in)
hydrant, gpm Vheight, in

Diameter, in = diameter of nozzle
Height, in = distance from ground to center of nozzle

Length, in = distance from end of nozzle to where water
hits the ground

TDEC - Fleming Training Center
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Estimate the flow in gpm with water flowing from a 2.5-inch nozzle,
the center line of the nozzle is 18" above the point where the water

hits the ground, and 75” from where it leaves the nozzle.
(2.83 ) D,in)*(L,in)

.\/height ,in
Flow, gpm = (283 )(2.5in Y2 (75 ,in)

/18 . in

Flow, gpm =

= 312.7 gpm
Be L = 75%
£ l H 318"
g’
;
e
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Hydrant Flow

1. A pitot gauge registered pressure only on a 2.5 inch fire hydrant nozzle. The
pressure registered is 20 psig. What is the flow rate in gallons per minute?

2. What is the flow from a pipe in gallons per minute through a fire hydrant based
on the following information? Water is flowing from a 2.5 inch nozzle; the center
line of the nozzle is 18 inches above the point where the water hits the ground
and 91 inches from where it leaves the nozzle.
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APPLIED MATH FOR DISTRIBUTION

HYDRANT FLOW
PITOT PRESSURE
1. An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 18 psi. What is the
flow rate in gallons per minute?

2. An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 6 psi. What is the
flow rate in gallons per minute?

3. An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 32 psi. What is the
flow rate in gallons per minute?

4. An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 56 psi. What is the
flow rate in gallons per minute?
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DISTANCE & DROP MEASUREMENT

5. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 18 inches above the point where the water hits the ground, and
78 inches from where it leaves the nozzle.

6. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 20 inches above the point where the water hits the ground, and
83 inches from where it leaves the nozzle.

7. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 21 inches above the point where the water hits the ground, and
213 inches from where it leaves the nozzle.
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8. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 18 inches above the point where the water hits the ground, and
14 feet from where it leaves the nozzle.

9. An operator is flushing a dead-end line through a 2 1/2-inch blow-off.
The water drops 2.5 feet to the ground. The water shoots 20 feet from
the hydrant, What is the flow in gallons per minute?

10.  An operator is flushing a dead-end line through a 2 1/2-inch blow-off.
The water drops 1.25 feet to the ground. The water shoots 18 feet from
the hydrant. What is the flow in gallons per minute?
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11. A 10” water main has just been installed. If the main is flushed at 3
ft/second, how many gallons/minute of water should be flushed from the

hydrant?

12. A water crew is flushing hydrants on a 12-inch diameter main. The pitot
gage reads 710 gpm being flushed from the hydrant. What is the flushing
velocity (in feet/sec) through the pipe?

ANSWERS:

716 gpm
413 gpm
955 gpm
1,263 gpm
325 gpm
328 gpm

QOAONE

158
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822 gpm
700 gpm
775 gpm
986 gpm
734 gpm
2.02 ft/sec
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(C-Factor

---------------------

TDEC - Fleming Training Center 1
)

(C-Factor

» A value used to indicate the smoothness
of the interior of a pipe

e Also known as the Hazen-Williams
roughness coefficient

e The higher the C factor, the smoother the
pipe, the greater the carrying capacity,
and the smaller the friction or energy
losses from water flowing in the pipe

TDEC - Fleming Training Center 2
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C-Factor

flow, gpm
(193.75)(diameter, ft)2-63(slope)0-54

e C factor =

key or[y*]
This key will take a number to o
another power.

9[AI3=9x9x9=729
Nine cubed or nine to the
third power is 729.

2[y J5=2x2x2x2x2=32
Two to the fifth power is 32.

TDEC - Fleming Training Center 3 )

Slope (Elevation)

e Hydrant 1 is located at 547 ft. Hydrant 2
is located at 492 ft. The hydrants are 75 ft
away from each other. What is the slope?

height = 547 ft - 492 ft = 55 ft
** Height is equivalent to head loss

Slope = height

distance
Slope = 55 ft
75 ft
Slope = 0.73

75f:t

55 ft

TDEC - Fleming Training Center 4
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Slope (Pressure)

e The pressure readings at hydrant 1 is 40
psi and at hydrant 2 is 32 psi. The
hydrants are 60 ft apart. What is the
slope?
slope = (pressure drop. psi)(2.31 ft/psi)

distance, ft

slope = (40 psi - 32 psi)(2.31 ft/psi) = (8 psi)(2.31 ft/psi)
60 ft 60 ft

slope = 0.308
40 psi 32 psi

TDEC - Fleming Training Center 5
)

Slope

» A pressure gauge at elevation 84 ft at a
fire hydrant read 76 psi. Another pressure
gauge at elevation 103 ft read 53 psi. The
hydrants are 800 ft apart. What is the
slope?

TDEC - Fleming Training Center 6
/
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Slope

1. Find difference of pressure in feet.
(76 ft-53 ft)(2.31 ft/psi) = 53.13 ft
2. Find difference of elevation in feet.
103 ft - 84 ft = 19 ft
3. Energy loss = diff of pressure + diff of elevation
=53.13 ft + 19 ft = 72.13 ft
4. Find slope.
o~ slope = energy loss, ft

53 psi distance, ft

800 ft
= 0.09
800 ft

72.13 ft

TDEC - Fleming Training Center 7
)

Determining C Factor

e A 24 inch diameter water main is carrying
a flow of 3,000 gpm. Pressure gauges
installed 1,000 ft apart on the main
indicate that the elevation of the pressure
head at the upstream pressure gauge is
101 feet and 100 feet that the
downstream gauge. Calculate the C factor
for this pipe.

TDEC - Fleming Training Center 8
/
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Determining C Factor

e KNnown
* Flow, gpm = 3,000 gpm
» Diameter = 24 in = 2 ft
» Distance = 1,000 ft
* Head loss = 101 ft - 100 ft = 1 ft

flow, gpm
» C factor =(193.75)(diameter, f1)253(slope)05*

head loss, ft _ 1ft
* Slope = distance, ft — 1000 ft — 0.001

TDEC - Fleming Training Center 9 |
)

Determining C Factor

_ flow, gpm
» C factor = (193.75)(diameter, ft)2-63(slope)0-54

3000 gpm
(193.75)(2 ft)263(0.001)0-54

— 3000
(193.75)(6.19)(0.024)

- 104

TDEC - Fleming Training Center 10 |
/
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Values for Hazen-Williams Coefficient C-Factor

Pipe Material C-Factor
e Asbestos-Cement 140
e Brass 130
e Brick Sewers 100
e Castlron:

0 New 130

o 5yearsold 120

o 10yearsold 100
e Concrete (regardless of age) 130
e Copper 130
e Galvanized Iron 120
e Polyethylene 140
e PVC 150
e Riveted Steel, new 110
e Vitrified Clay 110
e Welded Steel, new 120
e Wood Stave (regardless of age) 120
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Slope

1. Determine the slope of a water main if the elevation at point A is 50 ft and the
elevation at point B 113 ft. The points are 542 feet apart.

2. Pressure readings on a main are measured at 2 hydrants separated by 750 feet.
The pressure reading at hydrant #1 is 92 psi and the pressure reading at hydrant #
2 is 75 psi. What is the slope of the main?

3. The pressure reading of a pitot gauge at an elevation of 231 feet is 45 psi. The
pressure reading of another pitot gauge 2500 feet away is 69 psi at an elevation
of 200 ft. What is the slope?



C - Factor

1. Estimate the C factor for a 10-inch water main when the flow is 1900 gpm, the
pressure head elevation between the two pressure gauges 400 feet apart is 12
feet.

2. Estimate the C factor for a 12 inch water main with a flow of 1750 gpm. A
pressure gauge located at a fire hydrant with an elevation 112 feet read 57 psi.
Another pressure gauge at a downstream fire hydrant with an elevation 105 feet
read 54 psi. The two fire hydrants are 1150 feet part.

3. The friction loss in a 14 inch pipe flow at 1200 gpm is 20 ft of head per 1000
feet. At the storage tank, the pressure is 75 psig with the water flowing at 1200
gpm. What will be the pressure 1/4 mile from the tank?
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Applied Math for Distribution Systems
C Factor Calculations

Slope

1. Two hydrants are 750 ft apart. Hydrant 1 is located at an elevation of 129 feet. Hydrant 2 is
located at an elevation 257 feet. What is the slope?

2. Pressure readings on a water main are being taken 1000 feet apart. The pressure at sampling
port 1 is 93 psi and at sampling port 2 is 79 psi. What is the slope of this water main?

3. Determine the slope between 2 hydrants that are 500 feet apart given the following
information:

Hydrant 1 Hydrant 2
- elevation = 298 ft - elevation = 317 ft
- pressure = 45 psi - pressure = 42 psi
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4. Determine the approximate C factor for a water main based on the given information:

Diameter= 18in

Flow = 2250 gpm

Upstream pressure gauge = 87 ft
Downstream pressure gauge = 84 ft
Distance between gauges = 1500 ft

5. Estimate the C factor for a 2 ft main if a field test was conducted using a flow of 7750 gpm.
One hydrant is located at an elevation of 50 ft and the other at 54 ft. The hydrants are 750 ft
apart.
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6. A pressure gauge at an elevation of 107 ft reads 65 psi. Another pressure gauge 1,300 ft away
reads 43 psi at an elevation of 159 ft. Estimate the C factor for an 8 inch water main if the flow
is 2,000 gpm.

7. Two hydrants are part of a field test being conducted to determine the C factor. Hydrant 1 is
located at 75 ft and has a pressure reading of 105 psi. Hydrant 2 is located at 61 ft and has a
pressure reading of 87 psi. The two hydrants are on a 10 inch main, located 650 feet apart, and
have a flow of 3,250 gpm. What is the approximate C factor?

170 C - Factor
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8. Estimate the C factor for an 8-inch water main. When the flow is 800 gpm, the pressure head
elevation between the two pressure gauges 500 feet apart is 10 feet.

9. Estimate the C factor for a 15-inch water main if a field test was conducted using a flow of
1,500 gpm. A pressure gauge at elevation 51 feet at a fire hydrant read 40 psi. Another
pressure gauge at elevation 50 feet read 39.8 psi. The fire hydrants are 800 feet apart.

C - Factor 171
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10. The friction loss in a 10-inch pipe flowing at 1,400 gpm is 18.7 feet of head per 1,000 feet.
At the storage tank, the pressure is 85 psi with the water flowing at 1,400 gpm. What will the
pressure be 1/2 mile from the tank?

11. The friction loss in a 16-inch pipe flowing at 850 gpm is 0.08 feet of head per 100 feet. At
the storage tank, the pressure is 91 psi with the water flowing at 850 gpm. What will the
pressure be two miles from the tank?

172 C - Factor
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APPLIED MATH FOR DISTRIBUTION
C FACTOR PRACTICE QUIZ

1. Estimate the C factor for an 18 inch water main. When the flow is 900 gpm, the
pressure head elevation between the two pressure gauges 2,500 feet apart is 3 feet.

2. Estimate the C factor for a 6 inch water main if a field test was conducted using a flow
of 450 gpm. A pressure gauge at elevation 51 feet at a fire hydrant read 86 psi.
Another pressure gauge at elevation 43 feet read 71 psi. The fire hydrants are 1,500
feet apart.

3. The friction loss in a 12 inch pipe flowing at 1,400 gpm is 0.78 feet per 100-foot
length of pipe. At the storage tank, the pressure is 105 psi. With the water flowing at
1,400 gpm, what will be the pressure two miles from the tank?

ANSWERS:
1. 60.4 2.98.3 3. 69.3 psi
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Temperature Conversions

1. 215°Fto °C

2.34°Cto °F

176 Temperature Conversions
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Temperature Conversions

Convert these temperatures:

Remember formulas on page 2 in your formula book
°C = 0.556(°F — 32)
°F = 1.8(°C) + 32

1. 160°F to °C

2. 70°Fto °C

3. 35°Cto°F

4. 45.5°Cto °F

Answers:
1. 71.1°C

2. 21.1°C 3. 95°F

Temperature Conversions

4.

Section 13

113.9°F

177
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Solving for the Unknown

Basics — finding x
1. 81 =0)x01.5) \ 6. 56.5 = 3800
Bl=(u5 - (x)(8.34)
8.1 _ o ¥ = 3800
4s = X - (55)( 230
1.8 = ¥ ‘ :
2. (0.785X0.33)(0.33)(x) = 0.49 Xz 8.0L
(0.08548US) () =0.94 - LS
*= 0 o%g‘f? | - (230)(1.15) (B3N
e o (0TI
h\ =0 -OOSI
3. 233 = 44 o | —
233=()(y), | PR
2,_%%—: X (9)(180) = »
5.9G = X - 30 = X
4. 940 = %

(0.785)(90)(90)
| 9. 46 = (105)x)(8.34)
Gyo = TS%F | (0.785)(100)(100)(4)

_ ’ _( -
W= X | %-L—ﬁea%% R
S5AN 90 = W g\\m 2300 = (815 (x |

sy = X
5. x = (165)0(3'5)(8.34) | LiG U= %

U128.3 | 10. 2.4 ="(0.785)(5X5)(4)(7.48)
oS (2.9 () = (0. 8DEE)(DCLu8)
Y = 89510, : - (@ -lgEDCEa)EF] (4) (7,08 _

¥ = NS




11. 19,747 = (20)(12)(x)}(7.48)
g = (nasaYx)

A998
1N8%5.3 = ¥
_lo.qq = X

12. (15)(2)1 25)(7 48) = 337

(15)(\330 B)7 qﬁ) X

499 = X

13. X = 213
(4.5)(8.34)

x= () (H4.5)(8. 34\
X= 7199%3. 29

14. X =24

246
= (9.4)(aup)
Y= 590 .4

15. 6 = (x)(0.18)(8.34) -
(65)(1.3)(8.34)

@ESMTCRHTIN
(o.18)(8.3Y)
A1 = X

N
F

16. (3000)3.6}8.34) = 23.4
(0.785)(x)

3000X3.
(0 788)(&3‘-})

49035 = *

17. 109 = X
(0.785)(80)(80)

(169)(0.785) (8N (80D =
54l = X

=X

18. (x)(3.7)(8.34) ~ 3620
(3.71)(8.34)

X = “_l

19. 2.5 = 1,270,000
X

%= IQ‘TO@ 0
2.5
% = 508,000

20. 0.59 = (170)(2.42)(8.34)
© (1980)(x)(8.34) _

BT (1706)(2. uz
O%&o) (0. 5%@3

Y= g5qaT2
X= 0.85



Finding xX*
21. (o 785)(D2) = 5024

T T, 1)
'JDQ =4 Y00
D= 80

20, ()(10)(748) = 10,771.2

* = 13

23. 51 = 64,000
(0.785)(D?)

24. (0.785)(D%) = 0.54
0% =338
Api=fo.,879
D ':I O ' 8 gq

25. 2.1 = (0.785)D*}(15)(7.48)

0.785)8NE0)
a.l= 503%

(2.1(5034) = (88.6TN(D?)
= DA
68<n1
1113.78, =1D%

l0.94= D




Percent Practice Problems

Convert the following fractions to decimals:

L% OJ5
2 % 0.\ad
3. 0w 0.35
4. v 0.9

Convert the following percents to decimals:

35

5. 35% 00 = 0.35
0w 99 -
6. 9% =55~ = 0.99

7. 0.5% -IQ;-'-Z—: 0.005

o, 30:0.
. 0% Y56 = 0.800

Convert the following decimals to percents:

9. 065 (0.£53(100) = L5%
0. 0125 (0.125>0100) = 12.5%
. 10 (1.0)(1oo) = 1000
2. 005 (0.095)0100) = %o

Caleulate the following: * of ” eans mL\H'ip\\j " 18" means equal to
3. 15%0f125 (0-19)(12%) = 18.118

4. 2%of450 (0.99)(UB0)= 99

15. 473 is what % of 23652 413 = (%) (235 —» Cﬁi:lb% =X

16. 13iswhat%of6.52 1.3 = (X6 .5) 0.2 =X
_l_?,___ | (0.2)(100) = %
LS =X 0% =
0.9 =X
0% =%



Area, Volume and Conversions

AREA
1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ft°.

Area = (leng ) (width)
A= (USED( D
A= 540 §4°

2. Atank has a length of 90 feet, a width of 25 feet, and a depth of 10 feet. Calcuiate
the surface area in ft

A= (208)(2581)
A= 2950 £4°

3. Calculate the cross-sectional area (in f_f) for a 2 foot main that has just been laid.

A= (083 (diameter)?
A= (0.89)(atN
A= 3.4

4. Calculate the cross-sectional area (in ft° i) for a 24" main that has just been laid.

A= (o8 () . Mim=a
A= 3204 54°

5. Calculate the cross-sectional area (in ft) for a 2 inch line that has just been laid.
A= (0:189)(0 A\ 84 Y IR TS
i
A= 0.090 f4°




VOLUME
6. - Calculate the volume (m_) of a tank that measures 10 feet by 10 feet by 10 feet.

Volume = (\tngkh\(v\ud’rh\(de h)
Notz Go ¢ (o010t

Vol = 1000 §£43

7. Calculate the volume (in gallons) of a basin that measures 22 feet by 11 feet by 5
feet deep.

Vol= (et (s §4)
Vor=(1910 $43)(1.18 9% /543)
No\= 4050.8 %a\

8. Calculate the yolume (in gallons) of water in a tank that is 254 feet long, 62 feet
wide, and 10 feet deep if the tank only contains 2 feet of water.

Vol= (2549 $1)(LAFH (AN
Nol = (3109y §43) (.48 9% /%)
Na\= 235,520.08 ge!

9. Calculate the volume of water in a tank (in gallons) that is 12 feet long by 6 feet

wide by 5 feet deep and contains 8 inches of water. . L SRS bl £

Nol= (8L N0 L1 §)  Tin
Vot = (18 §33)(7.u8 90Y/¢43)
Nol= 359.04 gol

10. Calculate the maximum volume of water (in gallons) for a kids’ swmmlng pool that
measures 6 feet across and can hold 18 inches of water. I8 { T =~ .5 Q.‘.

o= (0189 (L 4)2 (1.5 §4) in
Nol= (49.30§13)(7.483%Y/g43)
Nol = 317110 %o\

11. How much water (in gallons) can a barrel hold if it measures 3.6 feet in diameter
and can hold water to a depth of 4 feet?

Nol= (0.18%)(3.8)(35) (u.m
Vol= (38.Hu5 §43)(1.48 9% /p32)
Nolz 28711 CSG\



12. A water main has just been laid and needs to be disinfected. The main is 30" in

diameter anqd has a I‘?ngth of 0.25 miles. How many s of water will it hold?
, | lat:\" a.d £+ QMEFSWL‘: 1320 £+
Vol = (0.185) (359 (.59 (1320 §4)
Vol U595 $43)(108 90 /e43)
Nol= 48, 4ud, 35 qal

13. A water main is 10” in diameter and has a length of 5,000 feet., How many million
gallons of water will it hold? -‘L\D-F-JB- =0.8%%%

Vol = (0.185)(0.83¢+) (0.8353) (50008 _in
Vol= (3710,83843) (1.u8 3% /43) _

VO\’-’- 2‘4\\\»5.8%0.\ - 0,094 mer _
1,000,000

14. A 3‘miIIion gallon water tank needs to be disinfected. The method you will use
requires you to figure 5% of the tank volume. How many gallons will this be?

(3,000,000 go) (o 05) = 150,000 gal

15. What is 5% gf a 1.2 MG tank?
| (1,300,000 gat) (0.05)= LO,000 g0

CONVERSIONS

16. How many seconds in 1 minute?

LO

17. How many minutes in 1 hour?
LO
18. How many hours in 1 day?

au

19. How many minutes in 1 day?

4o



20. The flow through a pipe is 3.6 cfs. What is the flow in gps?

(2.L)(1.u8)= AL.93 gps

3.0 04% | 1480l
sec | 3
21. The flow through a pipe is 2.4 cfs. What is the flow in gpm?

(24)(7.48)(Le)= 16717119 gpm

UG43 [ 1,48 §8% | Losee
sec | ]2 T min

22. A pump produces 22 gpm. How many cubic feet per hour is that?
Y. -]
Yo 1765 T3 /e

'1.11"8_
29 gc\| £4% | Lowmin -
min | T48gal | Wr

23. A treatment plant produces a flow of 6.31 MGD. What is the flow in gpm?

(e.31) (1 000 000) = 43819 9% /pin

muo |
L.3) 6| 1000060qal | _day
dag | mMG& ~ [I44omin

24. A pump produces 700 gpm. How many MGD will the pump flow?

00)(} -
(Jmc);%gg@ - |.co8 maD

70040l | 1M Gwin] MG
~win | doy  [Toocoo0qat
25. A thrée-eights mile segment of pipeline is to be repaired. How many feet of
pipeline is this?
3 /870,315 mi I 59808+ - 1980 £4
' ' My

26. If there is a 2,200 gallon ténk full of water, how many pounds of water is in the
tank? ‘

(9&003(8 34) = 18348 b

QQOOQQ\| 8.34 b
[ .op\-




Applied Math for Distribution
Flow Conversions

Express a flow of 5 cfs in terms of gpm.

(5) (1.48)Y(eo) = 2344 qpm

5843 | 148 00l | Liosec
Sec | 13 | wmin
What is 38 gps expressed as gpd? |

(38)Led(Mue)= 3,983,300 opd

38 ool | LOsec |MiOmin
gec | min | day
Convert a flow of 4,270,000 gpd to cfm.
(4,210,000) _ - 2qL #¥/min
(wueY(1.u8)
ugnooooqgol] day | 43
day I Wuomin | 148 gal
What is 5.6 MGD expressed as cfs? (round to nearest fenth)
GupQocooco) - g4 cle

() (o) (1.u8)
5L MG | 10000000ct | doy | tain 3
“aay | e o | Vdlorm | Losec | Tugqol

Express 423,690 cfd as gpm. :

\Qvo
493,90 1% |18 0ol | doy
doy | & | Maemin
Convert 2730 gpm to gpd.

(27130) (1440 = 3,431,300 qpd

5130 aa! | Wuomin
iy | G0Y




Applied Math for Distribution

Flow and Velocity
Velocity
1. A corkis placed in a channel and travels 370 feet in 2 minutes. What is the velocity of the

wastewater in the channel, ft/min?

V: di‘z\mggfe_ \ = 3;'3';‘:;\',' = ’859-‘/\'\'\‘\“

A float travels 300 feet in a channel in 2 minutes and 14 seconds. What is the velocity in the
channel, ft/sec? Amin Mgee = A(Lo) ¥ 1Y = )34 sec

| 3060 £+
V= 139sec = 9*“‘}-‘/33@

The distance between manhole #1 and manhole #2 is 105 feet. A fishing bobber is dropped
into manhole #1 and enters manhole #2 in 30 seconds. What is the velocity of the
wastewater in the sewer in f/min? 30 Se¢ = 0.5 min

- 105 #+ _
V= 0.5 min —.Q\OH/min

Distance Traveled, ft [ ]

Velocity = Distance Traveled, ft
Duration of Test, min

= ft/min



width, ft

Q = (A) (V)
- fime (B (fi/time)
A= (widhh) (depth)
Flow in a channel
4. A channel 48 inches wide has water flowing to a depth of 1.5 feet. If the velocity of the
waler is 2.8 fi/sec, what is the flow in the channel in cu ft/sec? 48in = le

Q= (U80S #)(2.8 #4/3e0)

Q= 1b.8 ¥ /fsec

5. A channel 3 feet wide has water flowing to a depth of 2.5 feet. If the velocity through the
channel is 120 feet/min, what is the flow rate in cu f/min? in MGD?

Q= (3D ED) (196 min)
Q= 90613 /siin  — use £low chart to cohver'\'
Q=9.L9 MGD

6. A channel is 3 feet wide and has water flowing at a velocity of 1.5 ft/sec, If the flow
through the channel is 8.1 ft*/sec, what is the depth of the water in the channel in feet?

8. lm/s ec = (3¥+5(de,p+m(1.5“/sec3

(3¢m\.5¢*lsec) = depth
1.8¢4 = dep+h




Diameter, ft ( ) - Velocity, ft/time )

Q = (A) (V)
f*ftime f* (fttime)
Q = (0.785) (D) (vel)
ft*/time (E)(ft) (ft/time)
Flow through a full pipe
7. The flow through a 2 ft diameter pipeline is moving at a velocity of 3.2 ft/sec. What is the
flow rate in cu ft/sec?

Q= (0.183)@8)* (3.9 5e0)
Q= (6.185) (4 §42)(3.95%/gec)
Q= 10.0% F¥%/gec

8. The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec. What is the
flow rate in f'/sec? Lo jn = O.5F%

Q= (0853 03)(0.5)( 2 ¥ /se0)
Q= O.Bq ¥+3/5ec

9. The flow through a pipe is 0.7 ft’/sec. If the velocity of the flow is 3.6 ft/sec, and the pipe is
flowing full, what is the diameter of the pipe in inches?

of / sec = (018D (3 \f*/se&
by = 0
10.1177632 SID? —> D=050§ = Lin

10. An 8 inch diameter pipeline has water flowing at a velocity of 3.4 ft/sec. What is the flow
rate in gL? Bin \\ ag* = Ol
O = (6.183)(0Lul 1§ (3.u T /sec) T ey

Q=1.18L3 43 Jsee — use Slow chort
Q=532.4 3% /rain



Section 3 . TDEC - Fleming Training Center

APPLIED MATH FOR DISTRIBUTION
FLOW RATE

Q= AV

1.

‘38

A channel is 3 feet wide with water flowing to a depth of 2 feet. If the velocity in
the channel is found to be 1.8 fps, what is the cubic feet per second flow rate in

the channel? Q : A % \[ |
= (3818 Y kec)

= 10.8 ¥/sec

A 12-inch diameter pipe is flowing full. What is the cubic feet per minute flow rate
in the pipe if the velocity is 110 feet/min? \9/\9 = \$%

Q= (028U L) (o #/min)
= Blo.25 M /mnin

A water main with a diameter of 18 inches is determined to have a velocity of 182
feet per minute. What is the flow rate in gpm? \8/\3 = 1.5 4

Q= (0. 189015 50058 (189 #+/min)
O =391, 9515 T 3kan ) (1.U8 ¥/ 443)
Q= 3UoN. 56 99V /min R
A 24-inch main has a velocity of 212 feet/min. What is the gpd flow rate for the aq /‘9 - (9 $+

" Q= (018 GHGH (18 rvin)

= LLS. L8 F13/in |
| . 31 . _ ‘ ol
T ran \ doy L 53S = 1\7o\ 2.499 Matj
What would be the gpd flow rate for a 6” line flowing at 2 feet/second? o /\g =0. "{) ‘Q__\
0 =(0.185)(6.58) (0388 Hse
= 00.2995 Msec

. Q95 3 LY i 4 a\ __.953}_010\‘.!(0

sec \win | doy 142 _
1 %Q\ /dma

Flow and Velocity
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6. A 36" water main has just been installed. According to the Design Criteria for the
State of Tennessee, the minimum flushing vélocity is 2 ft/sec. If the main is 3[0
fiushed at 2.5 ft/second, how many gallons/minute should be flushed from the / 9= 3-‘; 4

hydrant?
’ CHGREDICIEED (Q 5% aee)
= \LWLOS ¥ Jsec

V101689 \\—%3| oy sec |'\ YR qal o\
sec |\mm [\ $a3 -—'IQQLQ,O(S% /"Uh

7. A 36" water main has just been installed. If the main is flows at 2 ft/second, how -
many MGD will the pipe deliver? 3\0/\9 = 3Ly

Q= (.83 (3N "*/sec)
= \4, \%¥*3/sec

\\-\.\3?%'?’[ Wowin| IM48% | 1l =913
sec | \en | Vdoy |- $33 | \ecoocodH m&D

8. A certain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water
is known to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate
for the pipe? ‘
T ays BO0Ne Lot qugoey B/ LS8
vel = auao g“*/‘f)‘r*n‘on = WaB M/mm
0 = (6:185) (158D (15$)(Ua8 #/mn) = T4 5%,
ity

819.59495 $13 [ \440wain| 14891 | \eag, %‘l
HYDRANT FLOWS "N | doy | 3 I\GGOOOO?&

9. A water crew is flushing hydrants on a 12-inch diameter main. The pitot gag
reads 560 gpm being flushed from the hydrant. What is the flushlng velocity (in

feet/min) through the pipe? 1Q/19 = £+ ___QQ%C.\ | 1013 -l‘_\g_]
T8 e = (GIEDOMAMMeY) ™ (14891 83/

4875 fn
0.185 $4*

q5 38 'F'\A‘uh_, Flow ancj‘i Velocity | B 39

= \el
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10. A water crew is flushing hydrants on a 24-inch diameter main. The pitot gage

' reads 1,800 gpm being flushed from the hydrant. What is the feet/sec velocity
through the pipe? 184~ QaV ] yoae | Vi = 4,610 §¥

| min 148901 | LOsec s 8¢c

W0\ M sec = __(0 ~189)(a M) (%) (NeV)

\38 Q'\/sec = Ve\

11. A water crew is flushing hydrants on a 8-inch diameter main. The pitot gage reads
. 630 gpm being flushed from the hydrant. What is the feet/sec velocity through the

ipe? Ba=0s
PP W00t [Vemin | V4% £43 18>0,
voin | wosee [1L.U8gal T \.U03T fsec £

L1031 P ke = (618 (G5 (0. 181 (NeV)
V.09 /5ec = Nel.

VELOCITY (OPEN CHANNEL) _ ‘

12. A float is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the
velocity in feet per minute in the channel? (Assume that float is traveling at the
average velocity of the water.)

- C\‘\gﬁggce
Nel= timne
- 200 B¢
| Q.5vun
= \30 T / N

13. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

o 3084
Vel = 20 sec

- \'5“/360_

40 Flow and Velocity
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14. A channel is 4 feet wide with water flowing to a depth of 2.3 feet. If a float placed
in the channel takes 3 minutes to fravel a distance of 500 feet, what is the cubic--
feet-per-minute flow rate in the channel?

Ne\ = m_%_t b1 F/euin

0= (W83 Db 61 ¥ i)
= 532,23 3 fqin

FLOW ‘

15.  The average velocity in a full-flowing pipe is measured and known to be 2.9 fps.
The pipe is a 24” main. Assuming that the pipe flows 18 hours per day and that
the month in question contains 31 days, what is the total flow for the pipe in MG

for that month? 9 / 9= 20

Q= (682X m(am (5.9%/sec)
= Q.00 ™/ sec

A Ol $420 100 sec | Wabmn 108 aal | VG
sec I\lwain | Vdoy [ 1§43 |\cocomgpd

- 5.88M&O

16.  The flow entering the leg of a tee connection is 9 cfs. If the flow through one
branch of the tee is 5 cfs, what is the flow through the other branch? ]

Q ofs- 5 cfs = Y efs s,
9‘CfS—>O
|
X cfs

Flow and Velocity 41
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X cfs

17. A water line has been run to a new subdivision. The flow through the main line is '
468 gpm. The line splits into two lines (each serving half of the subdivision). If one
line flows 210 gpm, what should be the flow from the other line?

—

L\lb@(a?m A\
0PN

W8 o~ 3 \Goypro
':358%gn

18.  If the velocity in the 10-inch diameter section of pipe is 3.5 fps, what is the feet-
per-second velocity in the 8-inch diameter section?

N~

d=10inches| __, O_ d= 8 inches
v=3.5fps . . v="71fps
‘%2 =0.83¢84 — 8192 0.1 $4

Q = (0:185)(0-83%)(0.83H)(35 Wagr)
= .06 M¥/sec

1,807 M3 /sec = (0.789) (0.6 $9)(0.6184) (Nel)
5.47 ¥/sec = yel

TIME to FILL
19. A new 500 foot section of 18-inch main is being flushed at a rate of 300 gpm. How
-~ many minutes will it take to flush the line? \3/\'.; =\.5%)

2n%al] VB3 b Q= A*N
uo. )\ /wuﬂ
“min 7.4 9at e (o -\35)(\5&43(\5843(5&49

Te)
Limne = (07189015(154H) (_@o_%
- = 99.03mun

.42 Flow and Velocity
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20. How many minutes will it take to flush an 8-inch line that is % mile long if it is

flushed at a rate of 550 gpm?

8/\9. = 0.l &?*

QM—'M:\%QG%
Ve

3.5 ¢ fn = (61856 WY (@g‘ﬁ

ime

kime= (0 N850 v oL (\sw

E
E b.'&lomm7

21. A new 12-inch main 500 feet long needs to be flushed to remove the chlorine.
How many minutes will it take to flush the line if it is flushed at a velocity of 2

ft/sec?

Q=180 M0 K Isea = \5els

V51 ¥ec= (0TBDHARI (M) (20 )

Lime = (0185) (500 §42)

1157 cfe
= A0 2ec

BONUS

@ 22,

3
min  [1.484al

-91 ngm _’0

= 2038ede

hosec

6-in dia b/\gz 0.5 % ]
.098¢c8s =(6:189) (0SB SH) Cie;\y =
2.098¢8s _ ‘
0.1063 1> \

@%3 Q’f'[ gec = \59.9

Q80 sec | \ el
I_Lnﬁsec

% \-\.\Wmm

B [We=0.23H

Hmt

Determine the velocity-in ft/sec at points A, B, & C.

@ O&lO%pm' B gpms= A0 9pm

min 148‘3&9- osee
=(0. kel

Flow and Velocity

620 gpm
4 -in dia

@ min l‘\%%at ‘uosec, "1385

1.8815 cfs = (0785)(0.3)* (\Je \)

C —
2i0gom M\ (15.24 Mfsec =ve | )

: 0. LD e =(07185)(6.99) (vel)

1351 ¥/secf= el




- Pressure and Force

- 1. Convert 27 ft to psig.

O 0+
o3| m’/p@»i

2. Convert 79 psig to ft.

(9 psi) (221 o5 ) = 182.04F+

= WLApst

3. A water reservoir has 375 ft of water in it. What is the pressure gauge reading if
the gauge is located 5 feet above ground level?

,ﬁ? 37548+ - sm-BMH
378’
- B 37044 ,
B 23 -mo.nw

4. A water tank has a pressure gauge located 3 feet below ground. Its current
reading is 70 psig. How many feet of water are in the tank? '

(fl()ps\)(a 3| Q*/p%a\} i1 | |
el 0y -3 8= 10815

3’y |
5. Determine the force. .
Pressure = 40 psig F - p % A

Length=  2ft |
Widgth = 1ft b= (qo pg\} ADHG D
L FE (0" (him (13in)
F =(ue % /we)(288i1n*)

F=2%%\



6. A small cylinder on a Hydraulicjack is 10 in. in diameter. A force of 130 1b is
applied to the small cylinder. if the diameter of the large cylinder is 2.5 ft, what is

the total lifting force? . (Q 5“5(@‘“??%\) =30 in

lr \20\p /‘ F=

Te%l,l\h'ﬂ%
Qpp\led IC[ 0N o |ﬂ 3own
LoLo po

ﬂop\\eé %e&u\’nn&

F=P*A F=p H& |
136 Yo = (M8 o) ( om“) F= (o' i) (07185) Bown)~
136 Yo = (P) (18.51n2) CF= W8 \e
R |
8.5t P

Lol ‘b/'m"‘: %
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APPLIED MATH FOR DISTRIBUTION
PRESSURE & FORCE

1. P YEISUCE : Amount of force causing water to move.

2. Pressure exerted by water depends on he\ %\’\* .

3. 1psi = 9 ?)\ ft of water.

4. Convert feet of head to pressure:

50,000 gal‘\
\ \Yo ¢ .
140 ft > > -
2.3) Ps; " Ll pa
130 ft >
=Bl \':)Sl '
. \\-
25,000'ga|"‘\
......... o . .
€nft oo v 30 psi

Pressure and Force 51
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5. Convert 14 ft to psig.
2.31%/cs)

o 4e
T 2.3) HIPS =\ OLDP%\%

6. Convert 127 ft to psig.

11§14
oY T031M i

= 54.98 peig
7. Convert 32 psig to ft of head.

J&d = (pressure p‘sﬂ( Q. 3\‘\“‘/08\)
_ =(39 93\%)(2 B FY /Psﬂ

=713.09 §%

8. | Convert 3 psig to ft of head.

heod, Fi= (393\)(93\Q* pen)
A3 ¢4

g. Convert 250 ft to psig.

. 260 1
P.%\ a.3) Hlpa'\

= 108.53 ¢S

10. Convert 16 psig to ft of head.
heod ft = (o psi N33 W/ os)
= AL, b it

52 Pressure and Force
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pressure.

11,
: Convert feet
- of head to
| k /

200 ft , _ | 80ft
. 8008 o _ _Boft
?3\ - 9.’3\{}.\./‘)%\ P%\ = 33\'*\,\/?3‘
= BL.58psi = BWb3psi
12.
Convert pressure
to feet of head.
56 psig 44 psig 32 psig 20 psig
T ©Q Q9 9 |
_ A B C D
A)ft= (5Lopsi-)(9-3\“/ps\) c.) $4=(22 ps‘;)(a.?ﬂ“/p%\)
- =139.36 4 = 13.99 ¥
| D)= (A0 ps'\)(Q.B\g'\/ps\)
, B)'?’“( = (.L\L\ p?:\)(&?;\"\"\/pm) Pressure and Force — L\\o.g _?_\ | 53

=161 LU FY



Section 4
13.  Pressure = 12 psig
Surface area = 120 in®

Force ?

Fovce = p\ressure % Ooveéep.
= (19 psig) (10 n*)

TDEC - Fleming Training Center

54

= \HYO Vo
14.  Pressure = 40 psig
Length = 2 ft
Width = 1ft
Force o= ?
F=P YA
= (o ?si)(Quin)(\&ih)
= \\>30\b
operoting \iFhing
i\so\bs T 30m\b
15.  Hydraulic jack <
Applied f = 150 |b . >
Area (operating) = 50t |5w4 [ |
Area (lifting) = 100 in? _
Resulting force = ? ' —30 PS'i —> '
opem’t\n% \\&’nr\g
F=PxA F=PxA
£ : 2
P-= A F= (3()?6\ )(\oo‘m )
P-130ls =3000 \b
Sin%
- &)\b/mz.

Pressure and Force
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16.

17.

18.

How many feet of water are in the Cowl of the tank if the pressure gage is

reading 75 psig? head, §t =(1Dpsi) (8.3\ $#1/psi) = 113,950
173.058+ —\1Lody ¥SFY = 1835

How many feet are between the surface of the water and the overflow when the
pressure gage is reading 75 psig?

2605E- 113,958+ -581 = 211D ¥t
What will be the reading on the pressure gage if the water is at the overflow?

00%+ -5 = \a5et

Q5+t
3 3\ H/Psl

= Bu. U«stn

7i~ OYERFLOW ‘
Al 158
[Bow ]
18,858+ o
[2001]
173.95
Pressure
Gauge IE@
S "R

Pressure and Force _ 55
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Applied Math for Distribution
Pressure and Force
~ Practice Quiz

1. Convert a pressure of 26 ft to pounds per square inch.

L Ao £t
po = Ty
: a.3) /pg\
2. A head of 310 ft of water is equivalent to what pressure in psi?

Pe! q.3\ j'\'J"/p'e,i

3. A pressure of 42 psig is equivalent io how many feet of water?
Tneod, £t = (U3psig)(2.31¥/psi)
- O(‘l 04 !}.-\; |

4, A water tank has 250 feet of water in it. What is the pressure gage reading at ground level?

50 £
| = = = RARL
PRL= 2218 fpai 108459

5. A water tank has a pressure gage located 4 ft above the ground. Its current reading is 60 -
psig. How many feet of water are in the tank?

heod, Ft = (0pei)(9.31 % /psi)
= 138. L. FHHULL = 1HO. b Ft

6. A water tank has a pressure gage located 2 ft below the ground level in a pit. Its current
reading is 60 psig. How many feet of water are in the tank?

heod, T4 = (b6 puig) (8.81 ¥¥/ps))
= 1385 - 8%t = 13L.LTH

tu psi

Pressure and Force 57



Meter Accuracy

1. A meter being tested by a laboratory shows a reading of 1,023 gal. A volumetric
tank used to measure the water that flowed through the meter indicates the
~actual volume is 1,044 gal. What is the percent accuracy of the meter to the
nearest 100 percent?

meler 0ce = Nol. reqi %{WA % \00
OLC,*L,\OL\ No\.

=033 gl y 105

\ouy %a\
= 07.99°%/6

2. A water meter is tested at the system’s workshop. The meter reads 375 gallons.

The actual flow was measured in a volumetric tank 3 feet in diameter. During the
test the water rose 7 feet in the tank. Determine the meter accuracy as a

percentage.
ctuch ol = (61BN @148 79 > o) = 214, S
| K
_ _ 375 aql
meler Oce = 38,0054 gai ¥ 1
= 161.37°%b

3. A positive displacement meter being tested reads 1,288 gal. A volumetric tank
shows the actual value is 1,321 gal. What is the percent accuracy of the meter?
Does the meter meet AWWA standards?

meter acc -Jﬁﬁﬁ%ﬂ\ ¥ \00

%0\
= 0\*1.50 %

no
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APPLIED MATH FOR DISTRIBUTION
- METER ACCURACY

ACCURACY REQUIREMENTS FOR NEW METERS

METER ‘| AWWA STANDARD | % AT NORMAL % AT MINIMUM
TYPE TEST FLOW TEST FLOW
Displacement C700 98.5 - 1015 95 - 101
Turbine Class I c701 98.0 - 102.0 not required
Turbine Class II c7o1 98.5 - 101.5 not required
* Compound 702 97.0 - 103 change over point
Prapeller C704 98.0 - 102.0 95

1. During a test for meter accuracy 300 gallons were allowed to flow through a.

meter. The meter registered that 283 gallons flowed through the meter
during the test. What is the accuracy of this meter?

meler -
(oL &0\6 | |

O.ctuol Nol.

. 2p3gal

00 %O-Q

= QU3 9,

2. During a test for meter accuracy 400 gallons were allowed to flow through a

*\00

¥ 100

meter. The meter registered that 450 gallons flowed through the meter
during the test. What is the accuracy of this meter?

meer
Oxccur&%

woo qod

= W25 %

3. On Tuesday, a meter read 001234 gallons. The following Tuesday, it read

450345 gal_lons. What is the daily average consumption?
U502UDga1~ 001934 opl = UHA Wopl

1 da\j‘s

Meter Accuracy

=LUEBT ¥ /day,

63
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4, On Tuesday, a meter read 015050 gallons. The following Tuesday, it read
203349 gallons. What is the daily average consumption?

20334 qol - 01205090l = 188334 qal.
Tdoys

= uB49%.8L g\:d

5. A water meter is tested at the system’s workshop. The meter reads 155
gallons. The actual flow was measured in a volumetric tank 2.5 feet in
diameter. During the test the water rose 4.5 feet in the tank. Determine
the meter accuracy as a percentage.

| | ackual vel, on) = (07185)(R8HAE SR)MSM) (1.08%Y $49)
| = LS. IUU%qal

merer _ 155 9al
aocumcj" 1S, 11uY god $1CO

= 843.9%

6. A water meter is tested at the system’s workshop. The meter reads 40
gallons. The actual flow was measured in a volumetric tank 1.0 foot in
diameter. During the test the water rose 5.0 feet in the tank. Determine
the meter accuracy as a percentage.

ackual vol ,(J)a\ = (628U EN LN (5 ) (L4 §49)
= 20,259 qal

meYer ,__: ) ﬁa\ % \0O
DALY 30.3%4 gal

= \3. 290 -
7. A water meter is tested at the workshop. The meter reads 20.5 gallons.
The actual flow was measured in a volumetric tank 10-inches in diameter.
During the meter test 4.95 feet of water was added to the tank. Determine
the meter accuracy as percent. 10/18 2083 £+

acyol vol,gal=(6188)(0.83%1) (0.83 F) (L OB FY) (LagFfee) =30.1843

meler _ 20.50a) _ of.
Qo0 36184390 V00 \Ol. b %o

64 Meter Accuracy
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8. During a test a meter flowed 198 gailons. The meter registered at 210
gallons, What is the accuracy? Does the meter meet AWWA standards for
propeller meter?

meter  _ 100l
Ocoreey ~ 194 o

¥100

= \ob.\%
ne .

9, During a test a meter flowed 375 gallons. The meter registered at 367
gallons. What is the accuracy? Does the meter meet AWWA standards for
displacement meters?

meter | 31900 4o
o

S AR W B WD

10. During a meter test a meter flowed 298 gallons. The meter registered 302
gallons during the test. What'is the accuracy? Does the meter meet AWWA
standards for a displacement meter?

merer _ 3694al a0
Occurdey 308 9ol

= \o\. 3%
yes

11. During a meter test a meter flowed 175 gallons. The meter registered 181
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a compound meter?

meler _ 1glaal 4
Qccumcb 15 30.\

= 102. 4%/

no_

Meter Accuracy - 85
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12, During a meter test a meter flowed 485 gallons. The meter registered 515
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a turbine I meter?

Mmeter | 51590l

= \Ob. 3%
no_

13. During a meter test a meter flowed 685 gallons. The meter registered 695
gallons during the test. What is the accuracy? Does the meter meet AWWA
standards for a displacement meter?

meler - Ladaal
oxccur&c%' L85 9ol _

= \0\.%%

yes_

14. During a water meter test for accuracy, 150 gallons were allowed to flow
through a meter. The meter registered that 142.3 gallons flowed through
the meter during the test. What is the accuracy of the meter in percent?

acwm&a \50 g0\

Au.9%

ANSWERS: _

1. 94.3% ‘ 9. 97.9%; no

2. 112.5% 10. 101.3%; yes
3. 64,158.7 gpd . 11. 103.4%; no
4, 26,899.9 gpd 12. 106%; no

5. 93.9% 13. 101.4%; yes
6. 136.2% 14. 94.9%

7. 101.6% '

8. 106%; no

66 Meter Accuracy



Head and Head Loss

1. If a pump discharges 10200 gallons in 4 hr and 20 min, what is the gpm

oumping 7 (1 1) (60 ) = Bl min > B0 = i

p = 1090000 30 33,90

a\ob N

2. A 25 ft diameter tank has water to a depth of 12 feet. The inlet valve is closed
and a 1 hour pumping test is begun. If the water in the tank at the end of the test
is 3.7 feet, what is the pumping rate in gallons per minute?

NS %o\ (6.789)@ME TN -2780 0 ue“f’/%aa‘) 36UA %35

%Pm_l“:ﬁg\ﬁﬁlaﬂi%d 51619 i i

Lo MmN

3. The elevation of reservoir 1 is 715 feet, reservoir 2 is 937 feet, and the pump

* center is located at 578 feet. Calculate the following:

a. Static suction head
. b. Static discharge head
c. Total static head

Q\) Suchonhead TS -5185)

a1
) =\ &
S b.) e\\%c\r\&r%e head = A310y - 518§
= 26Q §4 |
2% C\ Yoka\ heod= d\%d(\avc\e - duehion

= 2Bt -
=999t



4. The elevation of tank number 3 is 246 feet, reservoir 4 is 521 feet. The pump
center line is at 378 feet. Calculate the following: '

a. Static suction lift

b. Static discharge head.

C. Totalstatic\head Q) %UC)Y'\OY\-’- %18?’( "3“\9%\—‘\ = \6353\
| T 7 b.\d\%c\fm‘%% SN H -85 = W3y
_38)8 | C.) Yotol= suckion + diacnarge
=1298% ¥\ Ty
I = oty

5. The elevation of reservoir A is 250 ft, reservoir B is 320 ft and the pump
centerline is at 95 feet. The pressure gauge reading for the suction side of the
pump is 70 p5| and for the discharge side the gauge reads 150 psi. Calculate the
following: !

a. Dynamic suction head

| b. Dynamic discharge head O) Buction = (-IO pé'\‘) @ %\(T\*/@”d‘?) = o\ S\}“f
c. Total—%\égimic head b)d\sé‘m 0= (\50 633(-91)\ / ‘3%}
a\h Y% v i
= B = 3. 58
CHAetol = d\ec,‘mr%e— suction
- =3B W 1 h
Topsi  1E0psi = \eu gy

- 6. During a pumping test, 15,790 gallons are pumped into a tank. If the pump is
rated at 340 gpm, how many minutes did it take to fill the tank?

| 306 90! feoin = 15100 gal

X min

= 15700961
Min =
hen 316 PV enin

= Q0 rin
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APPLIED MATH FOR DISTRIBUTION
PUMP RATES/PUMP HEAD PROBLEMS

1. The totalizer of the meter of the discharge side of our pump reads in hundreds of
gallons. At 3:10 PM the totalizer reads 272; at 4:40 PM it reads 635. What is the GPM
pumping rate? '

L300~ 00 = 3300 %cdl
Widp- 3:0= 1130~ 90 min

Aomin

= 402.33 9 i

2.  During a 60~minute pumping test, 9,456 gallons are pumped into a tank which has a
length of 10 feet, width of 8 feet, and depth of 6 feet. The tank was empty before the
pumping test was started. What is the GPM rate?

o = A4S, 9al
W, Lo MmN

= \57.\ 30 vun

3. During a 30-minute pumping test, 3680 gallons are pumped into a tank which hasa - -
diameter of 10 ft. The water level before the pumping test was 3 ft. What is the GFM

rate?
_ 3,80 94!
%?m 30 min

= 0201 % fin

72 Head and Head Loss
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4,

3.

5.

7.

A BO-ft diameter tank has water to a depth of 6 feet. The inlet valve is closed and a 2~

hour pumping test is begun. If the water level in the tank at the end of tlga test is 2.3
feet, whai is the pumping rate in gallons per minute? |p-9.3 = 3

—SeH—1  yol,gal= (6185 (56 F(S6EN(31 $) (148 9%/543)
= 4314, \5gal |

T 180 in-

TH

%v 6 ft 3Pm = 152.La 3Q\/mn

A tank has a length of 12 feet, a depth of 12 féet, a width of 12 feet, and has water to a
depth of 10 feet, If the tank can be emptied in 1 hour 37 minutes, what is the pumping
rate in gallons per minute?

Vol gol = Qa0 NS %Q\/S}‘\s)
= _lo11.a g90d
A1 win

g = NLoY 9% /o

During a pumping test, water was pumped into an empty tank 10 feet by 10 feet by 5
feet deep. The tank completely filled with water in 10 minutes 30 seconds. Calculate
the pumping rate in GPM.

vol,gal= (168000 8D (5580 (T, ug 901 /£43)
= U0 qa,\
\0.5 mm

qpm = 350,19 9%/ run

During a 60 minute pumping test, 11,321 gallons are pumped into a tank which has a
length of 15 feet, a width of 10 feet and a depth of 8 feet. The tank was empty before
the pumping test was started. What is the GPM rate?

gpm = 1291 90

Lo Min

= \8%~\98)630\/mm
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8. A wet well is 15 feet long and 12 feet wide. The influent valve to the wet well is closed.
If a pump lowers the water level 1.25 feet during a 5-minute pumping test, what is the
gpm pumping rate?

vol, g0l = (15§ (12 1) (125 1H1UBIA/843)
= L8300l
| 5 i

qpms 33 LEY wan

9. A pump is discharged intc a 55-gallon barrel. If it takes 35 seconds to fill the barrel,

whai is the pumping rate in GPM? 35 /LO o= 0 '58 23 vedn
gprn=-959al_
0.5833win

- 809 g

10. A pump is rated at 300 gpm. A pump test is conducted for 3 minutes. What is the
actual gpm pumping raie if the wet well is 10 feet long and 8 feet wide and the water
level drops 1.33 feet during the pump test?

vo\, qal= (16 #1)(8 H (133§D (148 9%/ 842)
= 19%5.818% aal |
3 vl

qpm = 255,999 in
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11.

12.

The elevation of Reservoir 1 is 614 feet, Reservoir 2 is 789 feet, and the pump center
line is 599 feet.

Calculate the:
A static suction head:

B. static discharge head: @ &_\C}(\QY\}\QQA::\D\Q S;v\ - SqCIQ'E

C. total static head:

T = \hy
“ (B discrorgeheod = 18T -5 ¢
Lie? o ' =100 £4

. (©)¥o%ol head = disenarge - suckon
L8 =\Q0 -\3¥%
=115 ¥

The elevation of Reservoir 3 is 699 feet, Reservoir 4 is 789, and the pump center line is
722 feet.

Calculate the: i

A, stati_c sgction lift:

EomraRE @) suction head= 192 84-L,40 §+
-\If:\/\\’ Lﬂ = Qg%*

KoY d_isc\.cnr%e\r\ead? 184 54-18a ¥
= 1 &4

\.9 ©Yotol head = suckion + dis c}\o\f%e
=23Fy ¥ LY |

= Qo ¢4
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13.  Reservoir 4: free water surface is at 402 feet.
Reservoir 5:  free water surface is at 663 feet.
- Pump Center Line: 365 feet
Suction gage reads 168 psig.
Discharge gage reads 300 psig.

What is the Total Dynamic Head?

(HINT: DRAW THE DIAGRAM WITH ALL KNOWN INFORMATION)

S]eest  suction heads (18 psi) (3.31 ¥/psl)

y [ = 388. 03 54
disdnarge head = (300psiI(2 31/ psi)
st | =03 £y

Yolal heod = L33 T1-388 F4

205 &4

2R
W8 Pﬁ\s 360 ‘5‘3

14,  The elevation of Tank 1 is 620 feet, Tank 2 is 742 feet, and the pump centerline is 401
feet. Calculate:
A static suction head
B. static discharge hea

Yo {G  total static head mcﬁm\\eﬁd w6 &k - \.\0\ Y

wotil T[2 = 21Q §3
VT @ d\sc\nar%e ug By - W0l $y
. &bga“f = 3u &y
- ~ © Yorol heod = 3UiEA-\A Ty
sl =199 §&

15.  The elevation of Tank 1 is 250 feet, Tank 2 is 320 feet and the pump centerline is at 95
feet. The pressure gage reading for the suction side of a pump reads 90 psi. The
discharge gage reads 200 psi.

A. dynamic suction head
B. dynamic discharge head

32054 C- total dynamic head @ SUC)('\O\"\ = (OlC) P%\) (.31 XJ-\/ ‘D%'l)

iR [, = 907.9 %)
! | O dtsc\\m‘%e 2 (300 ?3\7(3 IR p%\)
= Upd I
Seit | @%oka\ head = MLA MY - Qo8 T

= adu iy
96 po L 0P :

Head and Head Loss
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16.  The elevation of Tank 1 is 20 feet, Tank 2 is 316 feet, and the pump centerline is 120
feet. Calculate:
A, static suction lift
B. static discharge head

: total static hea
S, suction= \a0 Fy-30 Tt

. 2 = 100 §4
LT @discharges 3wt - 180t
g0k = \Qu b 4
Lk~ | Ohotal heod = \0O T * 0L §3
T ' = 3QL £ ¥

17.  Reservoir 1: free water surface is at 102 feet.
Reservoir 2:  free water surface is at 867 feet.
Pump Center Line: 237 feet
Suction gage reads 42 psig.
Discharge gage reads 381 psig.

at is the Total Dynamic Head?
a1 Dynamic

5] %L\Q’F\OY\'-? \ Qp%‘\) @214/ Psﬂ

| = Q.03 4
e, 2318 ~ discharge = (381 081)(2.31 1 /i)
%P%_ a\gg:«——%\psls E = 880?\\?'\ P

Yool ead = - Q7.035) ¥ 880.\1 £
= Q717,13 §4

\

Head and Head Loss 77



Section 8 TDEC - Fleming Training Center

18.  During a pumping test, 12,600 gallons are pumped inio a tank. If the pump is rated at
210 gpm, how many minutes did it take to fill the tarik?

N0gpm= il

X wmin

120009l

= O min
19.  Ifatank 12 feet long, 12 feet wide, 12 feet deep, and holding water to a depth of 8 feet

can be emptied at a pumping rate of 575 gpm, how many minutes will it take to
remove all the water?

vol,qe) = (1 FNOAT (BEN(1MEIYe) = Blolb Abgal

Glo o)
SIS %pm % min
m'\“ = : y
¥ 5159pm
= 15.0 min

ANSWERS
1.  403.33 gpm 13. 305 ft
2. 157.6 gpm ' 14, A, 219 feet
3. 122.67 gpm ' B. 341 feet
4, 452.62 gpm C. 122 feet
5. 111 gpm 15. A 208 feet
6. 356 gpm B. 462 feet
7. 189 gpm C. 254 feet
8. 337 gpm ‘ 16. A, 100 feet
9. 94.3 gpm B. 196 feet
10. 265 gpm - C 296 feet
1. A 15 it 17.  977.13 feet

](3:. i?g g 18. 60 minutes
" A 235 19. 15 minutes

B. 67 it

C. 90 fi
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APPLIED MATH FOR DISTRIBUTION
PUMP RATES/PUMP HEAD
PRACTICE QUIZ

1. During a 90-minute pumping test, 12,467 gallons are pumped into a tank that has a
length of 15 feet, width of 10 feet, and depth of 8 feet. The tank was empty before the
pumping test was started. What is the gpm rate?

%Pm :Mﬂa_\.
- - Q0 min

= \38.59 %&\/‘mj\y\

2. A 55-ft diameter tank has water to a depth of 7.5 feet. The inlet valve is closed and a 2-
hour pumping test is begun If the water level in the tank at the end of the test is 3.1
feet, what is the pumping rate in gallons per minute?

.5 §3-3.0 $rs wukd

vol,gal= (0:185) (55T (55 1) (4.4 14)(1.4894/%43)
=718153. L58aqad

190 min ©

qprm= 15198 ¥hwin

3. A tank 60 feet Iong, 32 feet wide and holding water to a depth of 15 feet is emptied at a
pumping rate of 225 gpm. How many hours does it take to empty the tank?

oY, 00> (16§D IN (1N O QRgoY/$43)

=915u94 g0
- 2\9ugdagl |
S germ = X vain 0\5‘1.'-\'~\ m‘ml \\ar

- 1494 9a) | Lo min

S gprn C\B %\f\rsa
= O\‘fﬂ . L\“\W\J‘ﬁ

Head and Head Loss 79
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The elevation of Reservoir 1 is 375 feet, Reservom 2 is 582 feet, and the pump
centerline is 346 feet.

Calculate the: ' '
FE Oeseman-sn
@é\s&m"%é 589 £ -6 4
3158t = 3Bty
- Okt heod = W3-

Reservoir 1: free water surface is at 397 feet
Reservoir 2: - free water surface is af 728 feet
Suction gage reads: 166 psig
Discharge gage reads:320 psig

What is the Total Dynamic Head?

(HINT: Draw all available information on diagram)

<9804 @ sucton = Qobpsi (2.3 /psi)

| 2] =834t
| B disdhasae = (390 j)(Q.%\Wpsi)
ERRARRS @dudos -739.5 §3
O¥ote) Yieod = TR0 -850
| llnsps\'a — 3&?9813 = 35548y
ANSWERS: :
1. 138.5 gpm 4. a. 29 ft
5 tebons T4
5. 855.74ft



Disinfection

1. How many pounds of 65% available chlorine HTH is needed to maké 7 galions
of a 13% solution? (d \)(d \¢ \) ‘
| - (des conedldes No VDAY
ho' HTH = - %o WTH
- (02D %D @234 e
0.5
= 1L.LB8 ib

2. How many gallons of 7% bleach is used to make 2 gallons of 4% solution?

- (Aes can(@esnoh)
%O\ Pleoh= = % ‘o\eocn
= 0600861 — go!

0.07

3. A 1 million gallon storage tank is disinfected with 15 mg/L chlorine. How many
pounds of gas are required?

Yos, C\, = (dose, ™ /v, e (8,34 /gal)

= (5™ /D v (830 Ve [ga)
=\95.1 \o

4. You have just laid 3 miles of a 12 inch line and it needs to be disinfected. How
many lbs of 65% HTH chlorine will be required to dose the line with 25 mg/L?

ARG COn8s)(RDHANOgue (1 ug) = %Goq 219 %oi

(Aose) oL eN(R, ’%L\‘W%D
Mo W R = e T

MML&MQ&%&M 00,83 \6

06D
5. A 200,000 gallon storage tank is to be disinfected using AWWA Chlorination

" Method 3. How many lbs of HTH 65% available chlorine would be required?

Vo, ool = (300000601 (0.65) = \0 00 0p} 7 0.0\ WG

b WTH= (Eory ,/L\(oo.(i\o gm(%.%u\b loo)

= lo.Md Vb
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APPLIED MATH FOR DISTRIBUTION
DISINFECTION MATH

VOLUME

A section of an old 8” water main has been replaced. The 350-foot section of pipe
needs to be disinfected. What is the volume (in gallons) to be disinfected? 8 /|Q - 0 lﬂbhl 1?+
- 4

Vol,golt=(0.18%) (8.1t §3) (0. L1 (B0 FY) (1.4892Y¢42)
=4q\3 .30\(50&

A tank holds 1.8 million gallons. How many gallons is 5% of the total volume?

Vol =0.05 % 1800000gal
= 900,000 00!

A barrel is used to mix up an HTH solution. The barrel is 3 feet in diameter and 4
feet tall. If water is filled to the 3.5 foot mark, how many galions of HTH solution
are in the barrel?

Vol, g\ (018DE B35 0 (Tusdel / 4°)
= 184 gl |

A tank is 60 feet in diameter and has a distance of 90 feet to the overflow. How
many million gallons will the tank hold?

vol, opl =(0.189) (Lo N (LOFH (A0 £4) (7118 99"/ ¢43)

= 19033 .3 a0l
1 060 0009 /-

= 1.AMG

A ground level storage tank has a diameter of 75 feet. A pressure gauge located 5
feet from the ground level reads 45 psig. How many gallons does the tank

rently hold? - . ,
tiw ('~\5p%i)(3.2>\¥*/P3;) Nelgal= (6 183095 (1.ug)
'. = 10345 F3 = 3503005.43
QP | ¥5.0 .Ql’r CSOuQ
108.958

87
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6. A ground level storage tank has a diameter of 25 feet. A pressure gauge located 5
feet from the ground level reads 34 psig. How many gallons does the tank
currentty hold?

(Bee OAM ) N o\ ‘30‘\ (67185 oS )(EER)(83%u ) (148)

=T18.54% = 30L,5813 gpd
X5 B
838U

7. A ground level storage tank has a diameter of 55 feet. A pressure gauge is located
6 feet under ground and the level reads 35 psig. How many gallons does the tank
currently hold?

(35 o) (031 Mps)  No\,ga1=(0 185) (55685t (1485M) (.ug)

= 80850 = 330500 .300pd
~L.0 ¥

4,85 b

HYPOCHLORITE

8. How many pounds of 65% available chlorine HTH is needed to make 1 gallon of
10% solution? '

WTH, s = ~Aesconclldes ol (8.3 e/qa0)

onoil. ATH
(solution) :

- (o. ) o) -\, 28 \bs
O.Ww

9. How many pounds of 65% available HTH is needed to make 5 gallons of 18%
solution? ‘

WTW Vo= L0oA8)(59a0)( 8,34 Y0/ q0))

(eb\u’f\orQ C. L3
= .55 \pe -

10. How many gal of 5.25% bleach is used to make 1 gallon of 3% solution?

Blendn o) = (descancd(des vol)

(diwtrion) bleccn cone

= (0.0 (196)) _ :
0.0%25 = 051 90"

88 Disinfection
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11. How 'many gallons of bleach (15% available chlorine) will it take to make a 4%
solution when added to enough water to make 50 gallons of hypochlorite?

blesch gpl = Lo.00(B0ga)

(duvion)  O15
= 13.339al

12. How many pounds of HTH (65% available chlorine) will it take to make a 2% |
solution when dissolved in enough water to make 15 gallons of hypochlorite?

e \os  _ (0.00(15901)(8.34%/aa)
O.LS

Qg,é\uﬁon)
= 3.85\bs

13. How many gallons of bleach (5.25% available chlorine) will it take to make a 2%
solution when added to enough water to make 8 gallons of hypochlorite?

bleoch ,(g\ . (0.o0)(B%a0
g |

(Slron) 00535
= 3 .06 80&

USE THE FOLLOWING INFORMATION TO ANSWER # 14 - 17:

A section of pipe 250 feet long and 10 inches in diameter is filled with water. The \O/ \8° 0.833%
desired chlorine dose is 50 mg/L.

Nl gol = (0185)(0. B3381)(0.83350(A50 ) (1,48 901 / §43)
=\01Q. W90\ => 0.00 019G

- 14. How many pounds of chiorine gas will be required?

Cl,, \ba= (do%a%e)(\lo\,\_V\Grﬁ(B-%L\‘bf ol
= (363 /1)(0.00101AU MG (834 0 /qa)
= 0.U% \bs

15. How many pounds of 65% available HTH will be required?

Vos WPk = (dos00 N (oA 10GN (8,34%og)

chem purity

= (56M/0(0.00 10144 TGN (834 W /oaD) = (.15 Vos
.69 ,
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16. How many gallons of 15% available bleach will be required?

b\'&&d’\, %0\ = bi eoch cone

= (50™9/)(0.OIIANNG _ (.34 90.0

0.15 o

17. How many gallons of 5.25% available bleach will be required?

(59 1) (0.0010194) M6)
Dleoch, g0l = 0.0595

= O.q‘—l 90_,0

DISTRIBUTION DISINFECTION

18. A 50,000 gallon storage tank is disinfected with 10 mg/L chlorine. How many
pounds of gas are required? .

Qgos = (16™M9 /1) (0.05M)( B3 Plga)
= Wi\ \bs

19. You have just laid 5,000 feet of 10 inch line and it needs disinfecting. How many \( /\& =0 Q23
lbs of 65% HTH chlorine will be required to dose the line with 25 mg/L? )

vol,qol = (0188)(0.833 +)(0.8235) (8006 §4)(148%/643) = 30 ssgh\lq

(25%9 /1) (.08 M) B2 wjoa)
0.5

Wiy, \os =
o= DU by

20. You have just laid 200 feet of 8 inch line and it needs disinfecting. How many Ibs 8 /‘3 =Oole
of 65% HTH chlorine will be required to dose the line with 25 mg/L? .

Nol,0pl= (078901061 £)(0 ) (Ao ENCUB Y §) = DA ol
(3578 AN(0.0060800) (8,34 Yo/aa))

\'\T \'\ \ Voo = 0.u5

= 0.\ \Vos

90 Disinfection
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21. You have just laid 32 mile long section of 16 inch line and it needs disinfecting.
How many pounds of 65% HTH chlorine will be required to dose the line with 10

mg/L?
2 QJM{Q_Q?%‘LL = 20L00+ MPSA_ 21330y

\10\ 00! = (0.189)(1.:33381)(1 33340 (FALet HOMEF wa) 113371 W30l

HTH Vs = LOmSARC.OUII LA M

= 5.230\bs

22. You have just laid 25,000 feet of 24 inch line and it needs disinfecting. How many 3"\} a= 9%+
Ibs of 65% HTH chlorine will be required to dose the line with 25 mg/L?

Vol opl=(0:7188) (@8RS N(BAsecot (1,483 _P&?)_.;ﬁaj_l.ﬂogaﬂ |

o
HTH s = 05 B340l
= \88.25 \be
TANK DISINFECTION

23. The 50,000 gallon storage tank is disinfected using AWWA Chlorination Method 3
with 50 mg/L using HTH. How many pounds of HTH 65% available chlorine would
be required?

Vo', gol = (50,0000 (0.05) = 8500 god

AWyt , \(Q.34'0 Jos)
HT\‘\\\b%"' | .5

= 1.0 \bs |
24. You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 3 to disinfect the tank. This method
requires you to make up a 50 mg/L available chlorine solution that will fill
~ approximately 5% of the tank volume. The tank holds 3 MG. How many gallons of
water and Ibs of HTH 65% available chlorine will have to be added to meet the
above mentioned requirements?

Vol qal= (3000 0003a0(0 65)=150,000900

\
HTH, Voe = %

= Q.22 \os

Disinfection 91
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25. How many gallons of water and Ibs of HTH 65% available chlorine will have to be
added to disinfect a tank that holds 100,000 gallons using AWWA Chlorination

Method 3. \o\, qa\= (100,000400(6.05) = BOCO g

mﬂ\\bs:mmﬁmcg;%@m&h&@_
= 3.9\ \bs |

~ 26. You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 2 to disinfect the tank. This method
requires that a 200 mg/L available chlorine solution be applied to all surfaces that
come into contact with potable water. The tank will require about 2,000 gallons of
! the 200 mg/L chlorine solution. How many pounds of HTH 65% available chlorine
i will be needed to make up this solution?

1 H'm os = €007 /) (0.009M (8,340 /aa 1)

C.L5

o = 5.13\bs

27. How many pounds of HTH 65% available chlorine will be needed to make up the
| ‘ 200 mg/L chlorine solution if the tank requires 5,500 gallons of the solution?

_ D (0.0055M N (8.24'9/90)
WTH, \os = o

= W b

28. You need to disinfect a water storage tank that has just been repaired. You have
decided to use AWWA Chlorination Method 1 to disinfect the tank. This method
requires that the tank be filled to the overflow with enough chlorine added to the
water to have a 10 mg/L residual in the tank after a 24 hour retention time. The
tank holds 2,000,000 gallons filled to the overflow. It has been determined that
the initial chlorine dose needs to be 25 mg/L. How many pounds of HTH 65%
available chlorine will it take to get the required dose?

HTH g~ AIAIEA(ARL S

=3 \bs

92 Disinfection
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29. If a storage tank holds 1,000,000 gallons filled to the overflow, and the initial
chlorine dose needs to be 15 mg/L, how many pounds of HTH 65% available
chlorine will it take to get the required dose?

HTH e -LETAN0NCER Hen)

0.5
=109.4 \bs

Answers:

1. 913 gal 16. 0.33 gal

2. 90,000 gal - 17.  0.97 gal

3. 185 gal - 18. 4.171bs

4, 1.9 MG 19. 6.51bs

5. 3,598,496 gal 20. 0.17 Ibs

6. 306,581 gal 21. 53l1bs

7. 1,329,500 gal ' 22. 188 1bs

8. 1.3 Ibs 23. 1.61bs

9. 11.5 Ibs 24. 150,000 gallons, 96 Ibs
10. 0.57 gal 25. 5,000 gallons, 3.2 |bs
11. 133 gal 26. 5.11lbs

i2.  3.81lbs 27. 14.11bs

13. 3gal . 28. 6415 Ibs

14. 0.43 |bs , - 29, 19251bs

15. 0.651lbs ‘ :

Disinfection 93



Horsepower and Efficiency

1. A pump must pump 4,500 gpm against a total head of 75 feet. What
horsepower will be required to do the work?

whp= ($\on Y Oheod)
200

_ %Q()@gnd)('bgi) _
= 0 = 86\r\p

2.1fa pump is to deliver 325 gpm of water against a total head of 75 feet, and the

pump has an efficiency of 87%, what horsepower must be supplied to the pump?

Shp= (Haieed).
(g &5 (2%00)

_(E%Q)mj‘}(]ﬂi{) -
O IE T . e

3. The manual indicates that the output of a certain motor is 40 hp. How much
horsepower must be supplied to the motor if the motor is 95% efficient?

bm\he \r\D
rgtor eFF

—D—bp-o 05 U3 np

4. The water horsepower was calculated to be 20 hp. If the motor supplies the
pump with 23 hp, what must be the efficiency of the pump?

pump eff = weter ey g0

orohe hp

=-0hp 00
Wy

= 87%b

mhp =



5. What is the overall éfficiency if 40 hp is supplied to the motor and 26 hp of
work is accomplished?

overall o0p = Wakr gy
roter N

- Ao \(‘\P
W0 \"1‘0

:\95 O/o

6. Given that B0 kilowatts (kW) power is supplied to a motor and the brake
horsepower is 31 hp, what is the efficiency of the motor?

e i, = tone.

- 00

mo%rxe??‘" %\ bp ¥\00
U0 ﬁp

= 17.59%

7. A pump is discharging 1200 gpm against a head of 55 feet. The wire-water-
efficiency is 75 percent. If the cost of power is '§0.038/kW hr, what is the cost of
the power consumed during a run of 105 hours?

m\(\p (Flow) Chead) - (a66)( ec)

(220X % pump eff Yoo vrctor ef8) T (200 (018)

eost B/he = G (O™ o) cost)
= (99.30p) (67U YW /vp)(80.038/ W)
| =089 /h ) (168 ) = Bl .08
8. What is the horsepower for a motor that is rated at 55 amps and 440 volts?
he = hlﬁﬂ_&)._(mn@
T4
— (LUOY(ES)
e

= BQHP

aa. th



9. Determine the power factor for a system that uses 4971 watts and pulls 12
amps at 440 volts.

Q' - \NO\‘\'\S

(ol ) amps)

___ Hoy _
C eyl 0.

10. If a single-phase motor pulls 15 amps at 220 volts and has a power factor of

1.2, how many kilowatts of power does it use?

_ (UL

[6GO
= 2.9

11. How many watts of power does a three-phase motor use if it pulls 30 amps at
440 volts and has a power factor of 0.937?

worg = (%\\63(0mps\ (pH(L12D)

= (W) (3e)(0.a(1 13D
= 909.03 watls
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APPLIED MATH FOR WATER TREATMENT
PUMP HORSEPOWER/EFFICIENCY/COST/MOTORS

HORSEPOWER

1. A pump must pump 3,000 gpm against a total head of 25 feet. What
horsepower (water horsepower) will be required to do the work?

WHP :MW)
I:Gagymum£&;|8f¥+hp

3aL0

2. Aflow of 555 gpm must be:pumped against a head of 40 feet. What is the
horsepower required? ~

\:\\HPA—‘ﬁ%gagﬂaﬁcﬂ

Dol hp !

3. Suppose a pump is pumping a total head of 76.2 feet. If 900 gpm is to be
pumped, what is the water horsepower requirement? -

_ o8
W (g Ldb)

4. Suppose a pump is pumping against a total head of 46 feet. If 850 gpm is
to be pumped, what is the horsepower requirement?

WP = {8500 (p)
987 hp

5. A pump is delivering a flow of 835 gpm against a total head of 35.6 feet.
What is the water horsepower? ‘

W= (8390pm)(35.081)

BQwo
= 71.5] hp

Pumps 59
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6. What is the water horsepower of a pump that is producing 1,523 gpm
agamst a head of 65 feet?

WHP = _159_3%me%£+)_

= 35.0 hp

EFFICIENCY

7. If a pump is to deliver 360 gpm of water against a total head of 95 feet, and
the pump has an efficiency of 85 percent, what horsepower must be
supplied to the pump?

BHP:(SQ@O)? Pump eff.) '

- (BLogpm) (A5 EH)
" (3960) (0.85) = 10.lbhp

8. If a pump is to deliver 450 gpm of water aga:inst a total head of 90 feet, and
the pump has an efficiency of 70 percent, what horsepower must be
supplied to the pump?

RHP= _"D_g.pnﬂ_cgﬁﬁ_

(3960) (6. 70)

= Wbl hp

9. The motor nameplate indicated that the output of a certain motor is 35 hp.
How much horsepower must be supplied to the motor, if the motor is 90%

efficient?
_ __BHP
NHP= o efs

=—33he - 38 89 hp

10. The motor nameplate indicated that the qutput of a certain motor is 20 hp.
How much horsepower must be supplied to the motor if the motor is 90
percent efficient? \

MRP= 0.90

= QQ.QShp

60 Pumps
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You have calculated that a certain pumping job will require 9 whp. If the
pump is 80 percent efficient and the motor is 72 percent efficient, what

motor horsepower will be required?

12.

13.

14.

15.

T - WWP
Mitp= Motoreff Br pump ef¥
- O.-g?ahp_.: 15. b3hp '—'%"%12—‘-‘—'. H.95hp

You have calculated that a certain pumping job will require 6 whp. If the
pump is 80 percent efficient and the motor is 90 percent efficient, what
motor horsepower will be required?

BHP:%@P— MU P= l‘ﬂm
=7.5hp ‘=\8?>h§>

Based on the gallons per minute to be pumped and-the total head the pump
must pump against, the water horsepower requirement was calculated to be
18.5 whp. If the motor suppl:es the pump with 21 hp, what must be the
efficiency of the pump? _

Pump e §¢ = —%\\ﬁ—- +100

ﬁh’? ¥\00= 88.1°%/

What is the overall efficiency If an electric power equivalent to 35 hp is
supplied to the motor and 18.5 hp of work is accomplished?

Overoll e$d=_WHP -
Verc\l e A ¥\00

' o
féfh ¥ \00 = 58.9 /o
Suppose that 31 kilowatts (kW) power is supplied to a motor. If the brake
horsepower is 19 bhp, what is the efficiency of the motor? 2\ V\\hl | 1 WP

Motor e$f = BUP_ 490 164l
MHP ETIE I
- ko
-"\\.555\'\9 *100
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16. Suppose that 10 kilowatts (kW) power is supplied to a motor. If the brake

horsepower is 12 bhp, what is the efficiency of the motor?
e" - \ .
| mp’(o_( § ‘—?)—.30-\&&; %100 I O W
=13M40
= 84.5% "Bhe

PUMPING COST
17. The motor horsepower required for a particular pumping job is 39 hp. If

your power cost is $0.08/kW hr, what is the cost of operating the motor for
one hour? ‘ '

Cost ¥/pyr = (MUPICOULWW /o) (Cost B fratne)
= (3ARR) (O™ fnp) (50,08 /- )
=89.33 /¢

18. The motor horsepower required for a particular pumping job is 30 hp. If
your power cost is $0.05/kW hr, what is the cost of operating the motor for
one hour?

~cost = (30Wp)(0 U Wing) (30,05 /%)

15. You have calculated that the minimum motor horsepower requirement for a
particular pumping problem is 25 mhp. If the cost of power is $0.025/kW
hr, what is the power cost in operating the pump for 14 hours?

Cost = (95pd O fhp) (80,0 95w ~hr)
={Bo.un S Y (W o)

=853
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20. A pump is discharging 1100 gpm against a head of 65 feet. The wire-to-
water efficiency is 70 percent. If the cost of power is $0.025/kW hr, what is
the cost of the power consumed during a week in which the pump runs 80

U A 1 P = L11000pmI (LS B4) . | 95 908k hp

(3010) (0 .10)

Cost = (A3703Np) (6146 W9/ p (0. 035 /- )
=(0.48 /ar) (B0 \rs) |
#3508

21. Given a brake horsepower of 18.5, a motor efficiency of 88 percent and a
cost of $0.015/kW hr, determine the daily power cost for operating a pump.

MHP= B3he _ oy cogne ‘
Cost = (C';\,oaa‘! M) O p) BO.OIS /i)
= 80,94 ) (94 ™ /doy)

= $5.U5 /day

22. A pump is discharging 1500 gpm against a head of 80 feet. The wire-to-
water efficiency is 68 percent. If the cost of power is $0.035/kW hr, what is
the cost of the power consumed during a week in which the pump runs 90

hours?
MBI = _jﬁlQ%P.\'\‘\\ Y {80 £4) -
(3060)(0.b8) UY.5L33hp

cost = (U4, SLa3 hp) 0714 ) B0 035/xul)
=(8\ .\ /) (90 Wr)
A \OW.9

MOTORS

23. What would be the horsepower on a motor that is rated at 36 amps and 440
volts? ‘ ' '

hp= QNolis)ames)

R ITRNA S A"P ’

(YB3 '
= = A\ .23np
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24. What would be the horsepower on a motor that is rated at 12 amps and 440

volts?
R CUTR YA

= .08%np

25. What would be the horsepower on a motor that is rated at 16 amps and 440

volts? :
_ (L\\-\Q\ (o)
RP= 7 L\gg

= q..\N\\p

26. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 1?

Woitts = (Ve its) (OMPS)(_pawer QQc’cov)
= (\ovols)(aoraps) (1)
= 320 wWotis

27. How many watts of power does a single-phase motor use if it pulls 12 amps
at 220 volts and has a power factor of 0.8?

Wats = (330v01s) (1 amps)(0.8)
= A\Q woatys

28. How many watts of power does a single-phase motor use if it pulls 12 amps
at 110 volts and has a power factor of 0.3?

wore = (Wovouw)(\ omps )(0.3)
= 300 Wokis
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30.

31.

32.

33.
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How many watts of power does a three-phase motor use if it pulls 20 amps
at 440 volts and has a power factor of 0.85?

Wote = (Nolts) (arps) (power feckr) (1132)
= (446 (30) (0.85X\132)

=12,055.3bwots

How many watts of power does a three-phase motor use if it pulls 40 amps
at 440 volts and has a power factor of 0.9?

waotts = (W) Wo) (0. I.ﬁsa)
= 97434, 28 wells

How many kilowatts of power does a three-phase motor use if it pulls 20
amps at 440 volts and has a power factor of 0.85? '

V\Wmﬁ)&m@mm

\OCONNA [ Yy

- (W40} (80)(085)(1739) _ | 290 hW

/600

What is the power factor on a system that uses 3872 watts and pulls 11
amps at 440 volts?

o Wavty
Power fackors (vous) (amps)

. _ 3819 -
(quol vy c.8

What is the power factor on a system that uses 3960 watts and pulls 10
amps at 440 volts?

power Fockr = 30

(Wue)( o)

:Oq
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APPLIED MATH FOR DISTRIBUTION
PUMP HORSEPOWER & EFFICIENCY
PRACTICE QUIZ

A pump must pump 2,500 gpm against a total head of 73 feet. What horsepower
(water horsepower) will be required to do the work?

(9
\th - 38L0

=Hb. 1 he

A pump is delivering a flow of 1,035 gpm against 46.7 feet of head. What horsepower
will be required?

( - D
Whp = Lo

=\2.9 \\p

If a pump is to deliver 630 gpm of water against a fotal head of 102 feet, and the pump
has an efficiency of 78%, what power must be supplied to the pump?

_ (e%0apm(10a £
ohp = (30)(0.78)

= 30.8hp

You have calculated that a certain pumping job will require 10.1 whp. If the pump is
84% efficient and the motor is 73% efficient, what motor horsepower will be required?

ho = 16 whp
np = (c.BL\)(o.‘ls) |

= 1L.5 'h\o
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D. What is the overall efficiency if an electric power equivalent to 36 hp is supplied to the
motor and 16.3 hp of work is accomplished?

overall  _ _\a.0p
e tciency A hp

% \00

= U5,3%

6. A pump is discharging 1,250 gpm against a head of 71 feet.- The wire-to~water
efficiency is 82%. If the cost fo power is $0.028/kW hr, what is the cost of the power
consumed during a week in which the pump runs 126 hours?

Ua20apm)(NE) .
NP = (060 (0.83) a713hp

cost B /he= @M3Np) (0NN /np)(20.0 %8 JANERY
| _=La_o.=$\ //hr‘) (@wehe)

f102

ANSWERS

46 hp
12.2 hp
208 hp
16.5 hp
45.3%
$§71.93

SR e
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Applied Math for Distribution
Pump Math
Extra Problems

1. The brake horsepower of a pump is 22 hp. If the water horsepower is
17 hp, what is the efficiency of the pump?
ol - i
=11.2%
2.

If the motor horsepower is 50 hp and the brake horsepower is 43 hp,
what is the percent efficiency of the motor’?

% e §§ = —L\ﬁﬁl— ¥\00
8L9°/o

3. The motor horsepower is 25 hp If the motor is 89% efﬂment what is
the brake horsepower?

©hp = (89 hp)(0.89)
= 99.3 hp

4. Atotal of 50 hp is supplied to a motor. If the wire-to-water efficiency of
the pump and motor is 62%, what will the Whp be?

U.)\\P =(®06 \\p) (0.19)
= 2\ hp

5. The brake horsepower is 34.4 hp. If the motor is 86% efficient, what is
the motor horsepower?

m\‘P BL\ ™
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10.

112

A pump must pump 1500 gpm against a total head of 40 ft. What
horsepower is required for this work?

Whp = _ (1500apm) (W)

3AL0
= \5.5hp

If 20 hp is supplled to a motor (Mhp), what is the Bhp and Whp if the
motor is 85% efficient and the pump is 80% efficient?

bhp= (Bohp)(0.85) = \1he
whp= (M hp)(0.80) = \3.Lhp

A total of 35 hp is required for a particular pumping application. If the
pump efficiency is 85%, what is the brake horsepower required?

ohe = (35hp)
= W\.\8%hp

The motor horsepower requirement has been calculated to be 45 hp.
How many kilowatts electric power does this represent? (Remember, 1
hp = 746 watts)

Yo Towotts | VMW 57 W
T \vp | vooouds © >0

The motor horsepower requirement has been calculated to be 75 hp.
During the week, the pump is in operation a total of 144 hours. If the
electricity cost is $0.06125 kW-hr, what would be the power cost that

‘week for the pumping?

- oot B/ b= (1501 /i) (BO.0LI0S W)
=343 /b YUY Yes)
= d4Q%, U8

Horsepower and Efficiency



Trench Calculations

1. To lay a new water main a 700 foot long water main must be dug 5 feet wide
" and 3 feet deep. How many cubic yards of earth must be moved?

vol, §43 = (3 ) (s £ )10+ = 10 506 T43

3
Vol yd® = \%—?&?/Lfd; = 288.84yd>

2. A water main trench is 5 feet wide at the bottom and 10 feet deep. Based on
the information provided below, how many feet wide should the trench be at the

ground surface?
w to 104

ST T B_Q\GQD(MS‘) Wsﬂ
| W: h= gy wid¥h ¥y
¥= BT 515730 £4

b. Type B soils HH Yo V4

<4 Y

4= (\cmf; t4) = \oH
e %= loh rBHl0fE 9504

/‘“\5’5\__/\% QoS $8)= 1o ™
Y= 1584 5N+ 195} = 3504
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APPLIED MATH FOR DISTRIBUTION
TRENCH MATH

1. A trench 450 feet long, by 5 feet wide, by 3 feet deep is to be dug for a new main. How
many cubic yards of earth must be moved?

vol, §4®= (580 (384)(use 1)

L1590 §43] \ yd?
[IERETE

= 390 %d‘%

2. A trench 6 feet wide, by 10 feet deep, with a length of 1/4 mile is to be dug for a new
main. How many cubic yards of earth must be moved?

L&S_m&.‘_ﬁﬁaorﬂ.= 12396 $4
i

Vo, §13 = (LD Qe (V230 1) = 19300 F43

3
Mﬂ—% - 9933, 33365

3. Atrench 3 feet wide, 8 feet deep, and 70 feet long is to be excavated. If the dump truck
being used holds 5 yd? of earth, how many dump truckloads will need to be moved?

ol 4% = (3 I (88NN = W80 §43
_\19&03}"-\3| lyds 13

lg-‘ T 12.92 lﬂd )
S 4%/ \ed

5.4

!
\2 \oads
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4, A trench 4 feet wide, 10 feet deep, and 147 feet long is to be excavated. If the dump
truck being used holds 5 yd? of earth, how many dump truckloads will need to be
moved?

ol $43= (M8 (o m(\\n £4) = 5880 £33

5380883 1ua® | \ood
[y | 5ys® L\?\'m"

\

W \cods

5. A trench 3 fect wide, 8 feet deep, and 70 feet long has been excavated. How many
cubic yards of gravel will be required (neglecting volume displaced by the pipe) if the
trench is to have 6 inches of gr.avel bedding? \p /\9- - 0.9 ‘_‘..\

oYL E¥ = (BN (0,586 §4) = \0D §i8

oS Q-\?’ll ;_]\’3%(;:\% - 3.89 \jds

6. A trench 4 feet wide, 10 fect deep, and 147 feet long is to be excavated. How many
cubic yards of gravel will be required (neglecting volume displaced by the pipe} if the

trench is to have 8 inches of gravel bedding? Q / 19 = 0. bbb T4
- .

wol, $4%= (U8 (0. SN OIS = 309§

300538 | 1 uds
B
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T A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
“determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at

—y— 4= (84)(34)

= g\ T4

- 8. A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
determined to be Type B Soil, which uses a slope of 1 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at

the ground surface? :
] | %=QQ¥*)(\)
Y= \Q §x

|
|
12
b

= 1943119
X?QTQ%

3!

9. A water main trench is 3 feet wide at the bottom and 12 feet deep. The soil has been
determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal for every 1
foot vertical, Based on this information, how many feet wide would the trench need to

be at the ground surface?

| 4° (s (\ V2 )
L5 =\8 S?'\'

X=184 3% \8

x= 308%%
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10.

A waler main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench

need to be at the ground surface?

11.

12.

114

= .95 §4

%=1.90 +H+ .95
Y= 271.5 T

A water main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench

need to be at the ground surface?
y= (ot (V)
% =5 9\' x

Y= \DIDY O
Y =35

A water main trench is 5 feet wide at the bottom, 15 feet deep, and 137 feet long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the

trench need to be at the ground surface?
y= (5E) (15 t)
= 996 ™

Y=Ho ¥t

Trench Calculations
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13. A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for

every 1 foot vertical. Based on this information, how many feet wide would the trench
need fo be at the ground surface?

G 4= (L F(3/)
455

| ' |
[
e

11

Y=USiY 0
= 13§t

14. A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
: soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench

need to be at the ground surface?
| ) y= (b))
Cy= bt

X=b+lrl
Y= \b i

15. A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long. The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the

trench need to be at the ground surface?
u=(LI1S)
=AM
%=0 149
=89 Tt
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16.

SPO\' \
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A water main trench is 4 feet wide at the bottom, 6 feet deep, and 3/4 mile long, The
soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, what is the minimum distance from
the spoil pile on one _Eide of the trench to the spoil pile on the other side of the trench?

T e

w2l U1 T
I

Y spoi |

Ve 203 94

= (Lt (\D)

-0 &y
x=Q+4xrQq

= 99 f4

R

» 20 CFR \Q2.LbSI(NE)
—gpo\\ pile Mot be ol

Z = 2% +99% x 2f+
= 3L §t

\

\eost 2 oot From edge

of Yrench.
ANSWERS:
1. 250 yd3 : 9. 39 feet
2. 1 2,933.53 yd® 10, 27.5 feet
3. 13 loads 11. 35 feet
4, 44 loads 12. 50 feei
5. 3.89 yd® 13. 13 feet
6. 14.52 yds 14. 16 feet
7. 21 feet 15. 22 feet
8. 27 feet 16. 26 feet

116
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APPLIED MATH FOR DISTRIBUTION
TRENCH MATH PRACTICE QUIZ

1. A trench 125 feet long, by 5 feet wide, by 4.5 feet deep is to be dug for a new main.
How many cubic yards of earth must be moved?

vol, §1%= (A5 ) (58005 $1) = 9819 5?43

28185333 \\aas 3

2. A trench 5 feet wide, 9 feet deep, and 60 feet long is to be excavated. I the dump truck
being used holds 5 yd3 of earth, how many dump truckloads will need to be moved?

Nol,$42= (5 10 (a o £+ = 37100 £4°

oo 83| 1ud® [ Vaad Aac
BRI ET \oods

3. A trench 6 feet w1de 11 feet deep, and 1,020 feet long has been excavated. How many

cubic yards of gravel will be required (neglectmg volume displaced by the pipe) if the / ]a
trench is to have 10 inches of gravel bedding?

= 0.8333%H
vol §12= (L $9(0.833321) (1080 #4) = B0 §4°

_5\00&‘*31 Q\_\ugis ; \88.80([3&3
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A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for every 1 foot
vertical. Based on this information, how many feet wide would the trench need to be at

the ground surface?
Y= (W)(B/)
y=10.5

Y= \0.5135¥0.5
oz auntt

A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined fo be Type B Soil, which uses a slope of 1 foot horizontal for every 1 foot
vertical, Based on this information, how many feet wide would the trench need to be at
the ground surface?

Y= \4 iy

k= \WY35%Y \Y
X= 215 B4

A water main trench is 3.5 feet wide at the bottom and 14 feet deep. The soil has been
determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal for every 1
foot vertical. Based on this information, how many feet wide would the trench need to
be at the ground surface?

y= (e (A5
= 3\

A= AW3.5r QN
= U5 594

Trench Calculations
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A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The
soil has been determined to be Type A Soil, which uses a slope of 3/4 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench

need to be at the ground surface?
4= (180(3/4)
=5.95 tA

K= .95 10+ 5.95
= 30.5 §A |

A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The
soil has been determined to be Type B Soil, which uses a slope of 1 foot horizontal for
every 1 foot vertical. Based on this information, how many feet wide would the trench
need to be at the ground surface?

Y=l £+

Y= 1% 10 ¥ 7
X= aufd
A water main trench is 10 feet wide at the bottom, 7 feet deep, and 65 feet long. The

soil has been determined to be Type C Soil, which uses a slope of 1 1/2 foot horizontal
for every 1 foot vertical. Based on this information, how many feet wide would the

trench need to be at the ground surface?
4= (1D ()
=\0.5 %%

Y= 105 0 ¥ 0.5

ANSWERS: | Y= 3\ §1

bR

104.2 yd? 6. 45,5 feet
20 loads 7. 20.5 feet
188.9 yd3 8. 24 feet
24.5 feet 9. 31 feet
31.5 feet
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Leak Tests

1. Your systém has just laid 3,500 feet of 10 inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressure is 145 psi, what is
the allowable leakage rate in gallons per hour?

- AP PSR S |
L 060 N, W@&@ﬁw \—\5 sections
L < (=)o dds

14006
L =23.85 %Ph

2. A system has just laid 1.75 miles of 18 inch ductile iron pipe and conducted a
leak test. If the average test pressure was 215 psi, what is the allowable leakage

for this pipe in gallons perhour? ({15 mg(’:—)&%()%/ ,‘\) = qu\GH
L. andp "

133800
L (4340 ENBINT 215ps:
133906

L :-|8.5!£3§Jh.

3. The average working pressure on a water main that has just been laid will be
115 psig. If the line needs to be tested at 150 psi or 1.5 times the working
pressure, whichever is greater, at what pressure should the city test its pipeline?

(15pe) (13)= 1125 pa1 7 190 s

Fest pipe @ T131.5ps
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APPLIED MATH FOR DISTRIBUTION
LEAK TEST CALCULATIONS

1. A system has just laid 2,500 feet of 6-inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressurc is 135 psi, what is the
allowable leakage rate in gallons per hour?

_ 2500%4
L= )}llLI‘JO:LE | N= 30 /prece = 135 pleces

L EMuddEs D= loineh
| 1400

| P =130 poai
L=1.184gpN

2. A system has just laid 2.5 miles of 24-inch ductile iron pipe and conducted a leak
test. The average test pressure was 200 psi. What is the allowable leakage for this

pipe in gallons per hour?
- . 4. agOH _
L. 301P S——iﬂl{ﬁ\—ﬁ%—_\sgoo?*

133,200
Ls (Bac) W {5a86 D=04in
\33 800 P: Q.OO PS‘

= 33, %s?\‘\

3. A system has just laid 6,500 feet of 12- inch PVC pipe. Assuming that 20 foot
sections of pipe were used and that the average test pressure is 200 psi, what is the
allowable leakage rate in gallons per hour?

. ‘%qoo R N 80 ¥ [orece = 33D joints
D= 12in

="1.Udgph
P = 200 psh

Leak Test . 125
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4. A system has just laid 3.5 miles of 36-inch ductile iron pipe and conducted a leak

test. The average test pressure was 250 psi. What is the allowable leakage for this
pipe in gallons per hour? S 3-Sm\ |% 9 8 o 5;. \ \ 8 .?-\
\8'—\8@23{){ AT TS =310
250 |

P-0%0p

A system wants to pressure test a ductile iron main that has just been laid. The
average working pressure of the line will be 90 psig. If the line needs to be tested at
150 psi or 1.5 times the working pressure, whlchever is greater, at what pressure
should the city test its pipeline?

(%0 ps1)(18)= 125 o8l

135 < \50
26 Lest ot \BOPSE

A system wants to pressurc test a ductile iron main that has just been laid. The
average working pressure of the line will be 110 psig. If the line needs to be tested
at 150 psi or 1.5 times the working pressure, whichever is greater, at what pressure
should the city test its pipeline? :

(10 psiI(1.8) = WD psi
\WboS7 \D0
%o Yest ob WS ps

ANSWERS

1.

2.
3.
4

126

1.2 gph 5. 150 psi
33.6 gph 6. 165 psi
7.5 gph
79 gph

l.eak Test
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APPLIED MATH FOR DISTRIBUTION
LEAK TEST PRACTICE QUIZ

1. You have just installed 5 miles of 10 inch ductile iron main. You want to perform a leak
test on the line. The test pressure will be 200 psi. What is the allowable leakage in

gallons per hour? _ = 53&.’53{&% - QLOL\OO $__\,
1= Qe (o){aes

193,800 . D=\1W0in
L=88.03gph o, 200 s

2. You have just laid 2.5 miles of 6 inch PVC pipe. You want to perform a leak test on the
line. What is the allowable leakage in gallons per hour? Each section of pipe is 20 feet

long. The test pressure will be 200 psi.

RSl SAR b oy N B0 |\

i 80 owece
_ (W00 D(Hac0) |
L= e D=l in

= _\.5_“3\3\’] _P= Q.OOP‘Si

ANSWERS
1. 28 gph
-2 7.6 gph

Leak Test 127



Hydrant Flow

1. A pitot gauge registered pressure only on a 2.5 inch fire hydrant nozzle. The |
pressure registered is 20 psig. What is the flow rate in gallons per minute?

?’\O\N %pm«- (QT)(nozz\e C,\\C\\m m\) Jpres;sure
=B W, 5m‘H 0 psi

=54 . 1,1 qpm

2. What is the flow from a pipe in gallons per minute through a fire hydrant based
- on the following information? Water is flowing from a 2.5 inch nozzle; the center
line of the nozzle is 18 above the pdint where the water hits the ground and 91

" inches from where it leaves the nozzle. |

_ Q. RB\(D.nW(\em-ﬂm in)
o, g

(28005 2.5 (Qn) -
VI3 in

=23749.28 %@m
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APPLIED MATH FOR DISTRIBUTION
| HYDRANT FLOW

PITOT PRESSURE

1.

An operator is .using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 18 psi. What is the
flow rate in gallons per minute?

Plow from hwdant = (37)(nozzle 1D, (n)? ('ﬁ:ressurelpm)

gpm = EN2.5(25in)Y 118 ps'\)
= 5.44 9pen

An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 6 psi. What is the
flow rate in gallons per minute? -

%pm BNQR&EM(2DIWTLps]
= 413.35 %pm

An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 32 psi. What is the
flow rate in gallons per minute?

%Pm (A ND(2A5M(15in) {391 p%\
Ol%l-\ 29 QP

An operator is using a Pitot gauge that registers pressure only on a 2.5-
inch fire hydrant nozzle. The pressure registered is 56 psi. What is the
flow rate in gallons per minute?

_gpra= (D5 QSBlpsi
= 1969.81 gpm

Hydrant Flow

143
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DISTANCE & DROP MEASUREMENT

5. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 18 inches above the point where the water hits the ground, and
78 inches from where it leaves the nozzle.

_ (a.83 B (L,
Qpr = al het%m n
- Q@ (7
Jigin

335.18 gpm

6. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 20 inches above the point where the water hits the ground, and
83 inches from where it leaves the nozzle.

m.: (3'8 ." .‘ \
gom = R

= 398.9"\gpm

7. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
hozzle is 21 inches above the. point where the water hits the ground, and
213 inches from where it leaves the nozzle.

= (8D QoHMAHN@QB in)
e {9

= 833.\3 gpm

Hydrant Flow 89
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8. Estimate the flow from a pipe in gallons per minute through a fire
hydrant. Water is flowing from a 2.5-inch nozzle, the center line of the
nozzle is 18 inches above the point where the water hits the ground, and
14 feet from where it leaves the nozzle. £ ? \3in_ _ W in

o 280GINOSA WA |
R -| \8iN

=100 .Bo\cspm

5. An operator is flushing a dead-end line through a 2 1/2-inch blow-off.
The water drops 2.5 feet to the ground. The water shoots 20 feet from
the hydrant, What is the flow in gallons per minute?

_2583 [ \9n _amie y L At
h=250 L We a0 |- 208 - gup i

(08925 a5 aw:
dp | Zoin

= 115.0% gpm

10.  An operator is fiushing a dead-end line through a 2 1/2-inch blow-off.
The water drops 1.25 feet to the ground. The water shoots 18 feet from
the hydrant. What is the flow in gallons per minute? '

W - L s A Ay
\«\,‘95_\\3_‘.3%\%?,\5\n v iﬂ-‘—\\ﬂgf_a\u\n

| Cﬁpm: {\5in
- 8. USgpm
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FLUSHING
11. A 10" water main has just been installed. If the main is flushed at 3
ft/second, how many gallons/minute of water should be flushed from the

hydrant? \0/|9:: 0.8233 ¢t
- @:’ A XN

Q= (6.18%)(0.83330)(6.8 333 FN{( 3 50
= \.L2oU F¥°ec

\.lg3§£\£53‘ LOREC | 1.5&%595 _ -na 0Q 00\
3ec | rin | f4 | —j%%'-C\S% /Wun

12. A water crew is flushing hydrants on a 12-inch diametér main. The pitot
gage reads 710 gpm being flushed from the hydrant. What is the flushing
velocity (in feet/sec) through the pipe? V& /13 = | §+ ‘

1583 cfs = (3. 18O N (1 E0 ey

LbﬁMEL'___ wel
- 085 fy®

2.09 ¥ [aec = el

ANSWERS:

1. 716 gpm 7. 822 gpm
2. 413 gpm 8. 700 gpm
3. 955 gpm -9, 775 gpm
4. 1,263 gpm 10. 986 gpm
5. 325 gpm 11. 734 gpm
6. 328 gpm 12, 2.02 ft/sec

Hydrant Flow 101



Slope

1. Determine the slope of a water main if the elevation at point A is 50 ft and the
elevation at point B 113 ft. The points are 542 feet apart.

&\QP e = hEQdJQ;S_S___
disionce

- W38y -60 BY
54Ul F4

:0_\\

2. Pressure readings on a main are measured at 2 hydrants separated by 750 feet.
The pressure reading at hydrant #1 is 92 psi and the pressure reading at hydrant #

2 is 75 psi. What is the slope of the main?
‘ , NYIIAY
Slop digtonce
_ (A pmihee(@21M

T80 Ft
= 0.05

3.The presSure reading of a pitot gauge at an elevation of 231 feet is 45 psi. The

pressure reading of another pitot gauge 2500feet away is 69 psi. What is the
Gelev. of §ook.

slope?

\, Convert pe Yo Yeet . Find ér‘o?.
(LA pei~ Ud p%',!\)(é}.?)\ Q*/p%\\) = 5514 S;jr

7. Find diffeverce in Seel.
(A3 P4 - Qoo t4) =21 §4.

3. Find eneroy \oss.,
Bl = 5940 04 #3184 BL.yyTh

Y. Find dlope.

tneray \os5 _ _RlolY 84 ;005
ddyemce T 9%t T T




C - Factor

- 1. Estimate the C factor for a 10-inch water main when the flow isi900 gpm, the
pressure head elevation between the two pressure gauges 400 feet apart is 12

feet. %\OPQ = l\_\%g:i‘: = .03
v - ‘ |OIOC) %gm
¢ N
octor (103 19)( 583233 M P2 (o oY
_ 1960 |
(103.8) (0. L1ad)(O. |505)
= 10%.97

2. Estimate the C factor for a 12 inch water main with a flow of 1750 gpm. A
pressure gauge located at a fire hydrant with an elevation 112 feet read 57 psi.
Another pressure gauge at a downstream fire hydrant with an elevationlg5feet
read 54 psi. The two fire hydrants arel}50 feet part.

(57 psi-64 poi)(2.31)= .93 4 N34 - 105 £4 = T84

%\0? o (_[ﬂ‘\l;lo;ij)g‘g 0.0 ’9“
o 80 qu
C Yocirs (103 712) (154242 (0. 8151 jye-s
= = 07.90

(43.12) (1)(0.6983)

3. The friction loss in a 14 inch pipe flow at 1200 gpm is 20 ft of head per 1000
feet. At the storage tank, the pressure is 75 psig with the water flowing at 1200
gpm. What will be the pressure 1/4 mile from the tank?

(0,95 386 )= 1308 13 M - )
1000 R e = .39 secho_ns

220, - Bbbps

(8.blops) (1.30)= 1143 poi lost
15 pei - H. U3 pei= (03.57 F@j



Applied Math for Distribution Systems
C Factor Calculations

Slope

1. Two hydrants are 750 ft apart. Hydrant 1 is located at an elevation of 129 feet. Hydrant 2 is
located at an elevation 257 feet. What is the slope?

OP = d\shncew“*

- 25716 -19a 54
RLRE

= 0. 11

2. Pressure readings on a water main are being taken 1000 feet apart. The pressure at sampling

port 1 is 93 psi and at sampling port 2 is 79 psi. What is the slope of this water main?

. _ &
S\Ope - c\i%’can_ce
- (93 pei-19psN(Q 21
looo £+ |
= 0.03

3. Determine the slope between 2 hydrants that are 500 feet apart given the foIIowmg
information:

Hy-drant 1 - Hydrant 2
- elevation = 298 ft - elevation =317 ft
- pressure = 45 psi - pressure = 42 psi

(4 Péi" Ll;)ps'\)(g,?)l '?"/ps}) = 1,.93 ¢
218t - 298¢ = 19 £4

E nergy loss = ‘Pressure ¥ elevotion

= 1,938 + 121 = 35.93F¢

boe < 0emy bS5 9xq3py
dlope distance = 500 £+ 0.0>



4. Determine the approximate C factor for a water main based on the given information:

Diameter = 18in

. %\GPQ - (816t -84 &
Flow = 2250 gpm ) \ 800 £4
Upstream pressure gauge = 87
Dp _ = O-O&
ownstream pressure gauge = 84 ft

Distance between gauges = 1500 ft

C fackor = £ low,gpm
(19315) (D, 1137+ (Slopa >

2350 9pPm
(19319 (1.5 $4)8:3 (0.09)°-84
= 2350
(10315 2.968) (0-1209)

=33.00 — 33

5. Estimate the C factor for a 2 ft main if a field test was conducted using a flow of 2750 gpm.

One hydrant is located at an elevation of 50t and the other at 54 ft. The hydrants are 750 ft
apart.

diamelter = 384 | Slepe= (SUEY -5084)

How =150 gpm So %t
distance = 150 £ - 0.0053
~&levotion = S0L o
e\evation , = Suft
- 1150 9P m | _
- ?acbr ~ (193,15)C 2 £ (0.0053)
_11%0 -

- (193.15)( 1. 1903 Y(0:054 2)
= 10969 — ]OC]



6. A pressure gauge at an elevation of 107 ft reads 65 psi. Another pressure gauge 1,300 ft away
reads 43 psi at an elevation of 159 ft. Estimate the C factor for an 8 inch water main if the flow
is 2,000 gpm.

WS PR\ Uon) (9,31 g?"/p%\)— 00.83 Q Y
159k-107£y = B3 £+
energy Voss = [03.89 F+

Slooe = 1028884 '~ g
ope 300 £+ = OZ.__O'H\

\\

¢ Locler = 4000 |
o U% 18)(0. bl Ee3 (pmA1)°: w7 = H qq
5 g

7. Two hydrants are part of a field test being conducted to determine the C factor. Hydrant 1is
located at 75 ft and has a pressure reading of 105 psi. Hydrant 2 is located at 61 ft and has a
pressure reading of 87. The two hydrants are 650 feet apart and have a flow of 32586 gpm.
What is the approximate C factor? 10 in. main |

(105[051-87 si)(Q. 3)!“/9513 U158H
5 £4 - Lol?‘l—, Iy 4
____energ\/ lose = H1S8F4 + 1 Py = 5658'

. 056 Tt
¢ fockor = =———— 3350
clor = (1937 5)( 0.8333 §1)= (o, 0855)°54
330

" (193:15) (o. 01N (0. L50). .

= 109.9 — 108



8. Estimate the C factor for an 8-inch water main. When the flow is 800 gpm, the pressure head
elevation between the two pressure gauges 500 feet apart is 10 feet. ‘

N 1o X S i 8/9= 0.LL\T+
S\ope = 560 1 - 0.03 |

800 5P m
f =
C Focto (193.19) (0. S48 (0.09)0-3

_ D00
" (19315)(0.3443) (0.1809)

= 99.9 — 949

9. Estimate the C factor for a 15-inch water main if a field test was conducted using a flow of
1500 gpm. A pressure gauge at elevation 51 feet at a fire hydrant read 40 psi. Another
pressure gauge at elevation 50 feet read 39.8 psi. The fire hydrants are 800 feet apart.

(U0 psi- 39.8pi)(8.31 ¥/psi)= 0.Ubd £+
S1f+ -56 f4 = 154

energy loss = 0.463 o1 4\ f1- LUGIFH

__LuLaft ,,
s lope Boory - 008

B PRARS

1900 9P
(193.19)(1.95)343 (0.60618) 084

¢ fackor =

- 1Sc0
(1a3715) (1,198 3)(6.63449)

= 130.85 — 13|



10. The friction loss in a 10-inch pipe flowing at 1,400 gpm is 18.7 feet of head per 1,000 feet.
At the storage tank, the pressure is 85 psi with the water flowing at 1,400 gpm. What will the
pressure be 1/2 mile from the tank?

(0. o) (59668 )= Bloig &4

1600 'P'\/sed'\‘
of pipe

(18144 (3t) = 4A.308 $4 1oet
| a.3) H/Ps\

= Q.bY SGG'FUK\S

= Q1,37 poi los

beginninﬁ psi - poi lost = ending pei
BSP‘GI"‘ N3N poi = lo% bd pﬁt

11. The friction loss in a 16-inch pipe flowing at 850 gpm is 0.08 feet of head per 100 feet. At
the storage tank, the pressure is 91 psi with the water flowing at 850 gpm. What will the
pressure be two miles from the tank?

(2 i) (5380 F )= 105608+
| 106 ¥1 Jseck = {05. b sechions

(o. 083(105 @ 8.uug 4 \oa%
3.3 %o

= AT\ psi lost

Apsi= BuB1pst = 87134 e



Temperature Conversions

1. 215°Fto °C ,
°C = 3/q (°v -23)
=9/0, (319 -23)
= (0. 5255,)(183) = 161.1°C

2.34°Cto °F
oF = A5 (°C)+2)
= A5 (3W) + %)
= Ll.Q+ 2
= Q3.9 oF
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Temperature Conversions

Convert these temperatures:

Remember formulas on page 1 in your formula book
°C 0.556(°F — 32)
°F - 1.8 (°C) + 32

nmn

1. 160°F to °C
o( = Q.E;BLD (Wo-22)

=713

2. 70°Fto °C |
OC = 0.5 (11p-33)

=al.\eC

3. 35°Cto°F

oFz |,8(25)+39
=Q%°F

4. 45.5°Cto °F

°F = [,8(45.5)+39
= 13,99F

Answers: :
1. 71.1°C 2. 21.1°C 3. 95°%F 4, 113.9°F

164 ' Temperature Conversions
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