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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.

2 Basic Math



TDEC - Fleming Training Center Section 1

AN I N N N

mega .. kilo hecto deka no deci centi milli .. micro
(M) (k) (h) (da) prefix (d) (¢ (m) (1)
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, |

Basic Math
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Solving for the Unknown

Basics — finding x

1. 8.1 = (3)(X)(1.5) 6. 56.5 = 3800
(x)(8.34)

2. (0.785)(0.33)(0.33)(x) = 0.49
7. 114 = (230)(1.15)(8.34)

(0.785)(70)(70)(x)
3. 233 = 44
X
8. 2=_Xx
180
4. 940 = X
(0.785)(90)(90)
9. 46 = (105)(x)(8.34)
(0.785)(100)(100)(4)

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

10. 2.4 = (0.785)(5)(5)(4)(7.48)
X

4 Basic Math
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13.

14.

15
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19,747 = (20)(12)(x)(7.48)

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

x_ =213
(4.5)(8.34)

X =24
246

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

Basic Math

16.

Section 1

(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)
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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)

6 Basic Math
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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?

Basic Math 7
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Basics — Finding x

1. 1.8
2. 57
3. 53
4. 5,976,990
5. 8256.6
6. 8.1
7. 0.005
Finding x>
21. 80
22, 12
1. 075
2. 0.625
3. 025
4. 05
5. 035
6.  0.99
8

10.

11.

12.

13.

14.

23.

24.

360

1649

244.7

11

7994

590.4

40

0.83

Percent Practice Problems

7.

10.

11.

12.

0.005

0.306

65%

12.5%

100%

5%

Basic Math

Answers for Solving for the Unknown

15.
16.
17.
18.
19.

20.

25.

13.
14.
15.

16.

TDEC - Fleming Training Center

2817
49.03
547,616
117
508,000

0.35

10.9

18.75
99
20%

20%
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TDEC - Fleming Training Center

Fleming Training Center

I I—=.

TDEC - Fleming Training Center

Area

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

= Square inches

= Square feet

= Square meters, etc.

10 Area and Volume
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Area Formulas
 Rectangle

o Circle

diameter

A = (length, ft)(width, ft)

TDEC - Fleming Training Center

length

pm

A = (0.785)(diameter, ft)2

Diameter is equal

to length and width
of a square and a
circle takes up 78.5%
of square

N
- 4

A

Area of a Rectangle
o)

‘_

TDEC - Fleming Training Center

el

A = (1, f)(w, ft)

A = (10 ft)(5 ft)

A =50 ft2

Area and Volume

Section 2

11



Section 2 TDEC - Fleming Training Center

q
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Area of a Circle
A = (0.785)(D, ft)?
A = (0.785)(2ft)(2ft)

A = 3.14 ft2

Diameter = 2 ft

q

TDEC - Fleming Training Center

Volume

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

V = ()(w)(d)

« Measured in:
= Cubic inches
= Cubic feet
o Gallons
= Acre-feet, etc.

12 Area and Volume
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q
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Volume of a Rectangular Tank, ft3

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

10’

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

V = 1200 fit3 S

10’

12’

q

TDEC - Fleming Training Center

Volume of a Rectangular Tank, gal
V, ft3 = 1200 ft3

V, gal = (Volume, ft3)(7.48 gal/ft3)
10’

V, gal = (1200 ft3)(7.48)

e
V, gal = 8976 gal 10° -

Area and Volume

Section 2

13
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q
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Volume of a Cylinder, ft3

V = (0.785)(D, ft)2(height, ft) @

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

15’
V =424 ft3

e

q

TDEC - Fleming Training Center

Volume of a Cylinder, gallons
V, ft3 =424 ft3

6’
V, gal = (Volume, ft3)(7.48 gal/ft3) q

V, gal = (424 1t3)(7.48)

V, gal = 3171.52 gal
15

14 Area and Volume
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q
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Note

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

Diameter = 8 in

q

TDEC - Fleming Training Center

Conversions

e Need to know:
o The number that relates the two units

= Ex: 12 inches in a foot, 454 grams in a pound,
3785 mLin a gallon

« Whether to multiply or divide
= Ex: smaller to larger or larger to smaller

Area and Volume 15
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q
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Conversions

« Just looking at the
units, if you are given

| Conversion Factors |

e - e miles and you need
1 foot of head = 0.433 psi .

1psi = 2.31 fest of head feet7 we are g01ng

e : e from left to right on
o : $788 Liers the page, therefore

1 gallon of water = 8.34 |bs 1 . 1

1 cubic foot of water = 7.48 gallons mu tlp y

11b = 453.6 grame

1 mile = 5280 feet .

1% = 10,000 ™%, MU1t1ply

q

TDEC - Fleming Training Center

Conversions

 You have just laid ¥4 mile of sewer line. How
many feet is this?

/4 = 0.25 miles

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

16 Area and Volume
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q

TDEC - Fleming Training Center

Flow Conversions - Box Method

o — ™ | — e
| I
7.48 7.48 P 7.48
1,000,000

| 5 m
”‘J— G — Hw 1440 gpa

I
e [ 80— Tenin — 140 —] Bl asy

q

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 17
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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.

18 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’ circular 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 19
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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?

20 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-eights 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 are in the
tank?

Area and Volume 21
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ANSWERS:
1. 540 ft?

2. 2,250 ft

3. 3.14 ft?

4. 3.14 ft?

5. 0.0218 ft?
6. 1,000 ft3

7. 9,050.8 gal
8. 235,590 gal
9. 359 gal

10. 317 gal

11. 288 gal

12. 48,442 gal
13.  0.02 MG
14. 150,000 gal
15. 60,000 gal or 0.06 MG
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
22

Area and Volume

TDEC - Fleming Training Center
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Velocity and Flow

Fleming Training Center

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center 1

Velocity

O Distance per time
O Measured in:
m Miles per hour
m Feet per second
m Feet per minute

TDEC - Fleming Training Center 2

24 Velocity and Flow
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Velocity Formulas

O Velocity, ft/sec = distance traveled, ft
time, sec
O Velocity, ft/min = distance traveled, ft
time, min
{ |

Distance Traveled, ft

Float

TDEC - Fleming Training Center 3

Velocity

O A cork is placed in a channel and travels 400
feet in 2 minutes and 25 seconds. What is the
velocity of the wastewater in the channel, ft/min?

O 25 seconds/60 = 0.4167
o Vel = 400 ft = 165.5 ft/min
2.4167 min

TDEC - Fleming Training Center 4

Velocity and Flow 25
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Flow Conversions — Box Method

IE}— 0 Il_cm' || 1440 cf
>
=3 o 748 T48 7.48
S =] - MGD ’
= =

1,000,000
= ©
4{; c=5 | ops | 60 aem Jas0 apa
[%a) £
o w
: 8 8.34 534 334
s D
= m
w
(13
foee [~ 80 —— Foan — 1410 — "l ny
TDEC - Fleming Training Center 5

Flow Conversions — Box Method

O Express a flow of 2 ft3/sec in terms of gal/day.

m (2)(7.48)(60)(1440) o —w —]

m = 1,292,544 gpd
MDﬂ 7“9

0 — —— 1#0 — and

8M a.T
e [~ ow —| — 1 — Pl
TDEC - Fleming Training Center 6

26 Velocity and Flow
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Flow in a Channel

O Q, ft3/sec = (Area, ft?)(Velocity, ft/sec)
o Q, ft3/sec = (width, ft)(depth, ft)(velocity, ft/sec)

depth, ft

width, ft

TDEC - Fleming Training Center 7

Flow in a Channel

O A channel 36 inches wide has water flowing to a
depth of 2 feet. If the velocity of the water is 1.2
ft/sec, what is the flow in the channel in ft3/sec?

o Q = (3ft)(2 ft)(1.2 ft/sec)

= 7.2 ft3/sec

TDEC - Fleming Training Center 8

Velocity and Flow 27
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Flow in a Pipe Flowing Full

O Q, ft3/sec = (Area, ft?)(Velocity, ft/sec)
O Q, ft¥/sec = (0.785)(Diameter, ft)?(velocity, ft/sec)

ft/sec

Y Ys18wWelq

TDEC - Fleming Training Center 9

Flow in a Pipe Flowing Full

O The flow through a 10-inch diameter sewer is
flowing full at 2.5 ft/sec. What is the flow rate in
ft3/sec and gal/day?

o Q = (0.785)(0.8333)(0.8333)(2.5) = 1.36 ft3/sec

o (1.36 ft3/sec)(7.48 gal/ft3)(60 sec/min)(1440 min/day) =
880,699.5 gal/day

TDEC - Fleming Training Center 10
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T 0 -
Diam.. ft = Velocity, fitime

4 d{'
Flow in a Partially Full Pipe

o Q = (factor from d/D table)(Diameter, ft)?(vel, fps)

deplhvDiameler Table
i 1IHNA 112 [IRIre] 0y [ It 16 11 E404
nn 0 NA7 nar 01711 052 04127 nrr N EARD
LA Lo Uz 000y 0.5 LIE ¥y L.r [T
a.04 0.0105 0.2 01350 054 04327 DTG 06555
uos s U3 DUz v 04426 iFl] [
0.06 0.oi92 031 0.2074 0.5 04526 D31 DGE13
007 0.0242 032 0.2167 0.57 04625 Daz 0.6383
uuU vt U3 D260 u.5U 4724 LU .6veY
uoY L] u34 [IPELL] Uy 04522 Fr) 0.7043
010 0.0400 0.35 0.2450 0.60 04920 D.as 07115
n 4 1134 [P 11 R E] 071
01z 00534 037 0.2042 0.62 05118 Dar 07254
012 0.0600 0.9 0.2739 0.63 05212 Dgg 07320
ni4 11 (Wi M35 0 2A36 i 0 A3 nan 0 73
0.1z 00730 040 0.2034 0.65 0.5404 0.50 07148
n1h nnat n41 nanaz 0 6 0 547 N n 704
i 1 0 [TRIET ni 0 15 11 7
018 0.0961 043 0.3226 0463 05687 D53 07612
015 01032 044 0.3328 0.69 0.5780 D54 0.70602
020 01110 045 03420 070 05072 D85 0T
021 01190 046 0.3527 0.71 0.5954 056 0.7740
037 01284 047 03527 072 0.6054 DaT 07725
n7i 11 1368 1144 TELAL i 0 H143 148 [RERT 11
nz4 111444 114y R 7 uia (2t e 117841
025 01635 050 03027 0.75 06318 100 078854

\I
/

Flow in a Partially Full Pipe

O A 10-inch diameter pipeline has water flowing at
a depth of 4 inches. What is the gal/min flow if
the velocity of the wastewater is 3.1 fps?

O d/D =4 inches of water =+ 10-inch diameter
=4/10=0.4 ~ 0.2934
O Q =(0.2934)(0.8333)(0.8333)(3.1) = 0.6316 ft3/sec
O (0.6316 ft3/sec)(7.48 gal/ft3)(60 sec/min) = 408,169 gpm

TDEC - Fleming Training Center 12

Velocity and Flow
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Applied Math for Collections
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.

30 Velocity and Flow
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Applied Math for Collections
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. A float 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

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

fé/time  (fFO)(fY) (ft/time)

Flow in a channel

4.

32

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?

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?

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?

Velocity and Flow
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Diameter, ft Velocity, ft/time
Q = (A) (V)
ft*/time ft? (ft/time)
Q = (0.785) (D)* (vel)
ft®/time (ft) (ft) (ft/time)

Flow through 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?

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

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?

Velocity and Flow 33
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Diameter, ft Velocity, ft/time
Q = (A (V)
ft*/time ft? (ft/time)
N
- N
Q = (Factor from d/D Table) (D )?* (vel)
ft*/time (fO)(ft) (ft/time)

Flow through pipe flowing less than full
11. A 12-inch diameter pipeline has water flowing at a depth of 6 inches. What is the
gpm flow if the velocity of the wastewater is 300 fpm?

12. A 10-inch diameter pipeline has water flowing at a velocity of 3.2 fps. What is the
gpd flow rate if the water is at a depth of 5 inches?

13. An 8-inch pipeline has water flowing to a depth of 5 inches. If the flow rate is
415.85 gpm, what is the velocity of the wastewater in fpm?

34 Velocity and Flow
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Answers:

©CoNoOAWNE

185 ft/min

2.2 ft/sec

210 ft/min

16.8 ft’/sec

900 ft*/min and 9.69 MGD
1.8 ft

10 ft’/sec

0.59 ft*/sec

532 gpm

. 6in

. 881 gpm

. 563,980 gpd
. 240 ft/min

Velocity and Flow

Section 3

35
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Applied Math for Collection
Flow Rate
Q=AvV
1. 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?

2. 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?

3. 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?

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

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

36 Velocity and Flow
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6. A 36” sewer needs to be cleaned. If the line is flushed at 2.5 ft/second, how many
gallons/minute of water should be flushed from the hydrant?

7. A 36” pipe has just been installed. If the wastewater is flowing at a velocity of 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?

VELOCITY (OPEN CHANNEL)

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

Velocity and Flow 37
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10. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

11. 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 IN A PARTIALLY FULL PIPE
12. Wastewater is moving through an 18-inch sewer at a velocity of 3 ft/sec. If the
wastewater is flowing at a depth of 6 inches, calculate the flow, gal/min.

13. Wastewater is moving through a 12-inch sewer at a velocity of 240 ft/min. If the
water is flowing at a depth of 9 inches, what is the flow rate, MGD?
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Answers:

10.8 ft’/sec
86.4 ft*/min
2,404.5 gpm
7,170,172 gpd
253,662 gpd
7,926.93 gpm
9.13 MGD

NoorwONE

10.
11.
12.
13.

Velocity and Flow

Section 3

9.5 MGD

120 ft/min

1.5 ft/sec

1533 cu ft/min
685 gal/min
1.63 MGD
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Chemical Dosage Calculations

Chemical Feed Rate, pounds/day:

1. To control hydrogen sulfide (H,S) and odors in an 8-inch sewer, the chlorine dose
must be 10 mg/L when the flow is 0.37 MGD. Determine the chlorine feed rate,
Ibs/day.

2. A wastewater flow of 3.8 cfs requires a chlorine dose of 15 mg/L. What is the
desired chlorine feed rate, Ibs/day?

3. A company contends a new product effectively controls roots in sewer pipes at a
concentration of 150 mg/L if the contact time is 60 minutes. How many pounds of
chemical are required, assuming perfect mixing, if 450 feet of 6-inch sewer were to
be treated?

4. To control hydrogen sulfide and odors in an 8-inch sewer, the chlorine dose must
be 10 mg/L when the flow is 250 gal/min. Determine the feed rate, Ibs/day.
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5. A chemical solution tank measures 22 inches in diameter by 39 inches high. The
top 8 inches of the container should remain as freeboard and not be filled. What is
the useful capacity of the solution tank in gallons?

6. To control hydrogen sulfide (H,S) and odors in an 10-inch sewer, the chlorine dose
must be 7 mg/L when the flow is 175 gpm. Determine the chlorine feed rate,
Ibs/day.

7. A wastewater flow of 38 gps requires a chlorine dose of 5 mg/L. What is the
desired chlorine feed rate, Ibs/day?

8. A company contends a new product effectively controls roots in sewer pipes at a
concentration of 175 mg/L if the contact time is 60 minutes. How many pounds of
chemical are required, assuming perfect mixing, if ¥2 mile of 10-inch sewer were to
be treated?

9. To control hydrogen sulfide and odors in an 14-inch sewer, the chlorine dose must
be 12 mg/L when the flow is 1.5 cfs. Determine the feed rate, lbs/day.
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10. A chemical solution tank measures 36 inches in diameter by 42 inches high. The
top 6 inches of the container should remain as freeboard and not be filled. What is
the useful capacity of the solution tank in gallons?

Flow:

11. If an 8-inch force main has a metered flow rate of 400,000 gal/day, what is the
velocity in ft/min?

12. If an 10-inch force main has a metered flow rate of 905 gpm, what is the velocity in
ft/sec?

Chemical Feed Rate, less than full strength chemical, Ibs/day:

13. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available
chlorine. The recommended dose is 15 mg/L chlorine. If your flow is 75 gpm, how
much calcium hypochlorite is required, lbs/day?
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14.

15.

16.

17.

What if you were to use 15% sodium hypochlorite, bleach for the same problem
above in #13. How many gallons must be fed daily? (Assume 1 gallon of solution
weighs 8.34 pounds.)

To inactivate and control slime in the collection system, sodium hydroxide, NaOH,
can be fed at about 8,000 mg/L over one hour. If the NaOH solution is used to treat
a section of 12-inch sewer 800 feet long, calculate the volume in gallons of 40%
NaOH solution required. (Assume 1 gallon of solution weighs 8.34 pounds.)

Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available
chlorine. The recommended dose is 11 mg/L chlorine. If your flow is 1.5cfs, how
much calcium hypochlorite is required, Ibs/day?

What if you were to use 15% sodium hypochlorite, bleach for the same problem
above in #16. How many gallons must be fed daily? (Assume 1 gallon of solution
weighs 8.34 pounds.)
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18. To inactivate and control slime in the collection system, sodium hydroxide, NaOH,

can be fed at about 8,000 mg/L over one hour. If the NaOH solution is used to treat
a section of 10-inch sewer % mile long, calculate the volume in gallons of 40%
NaOH solution required. (Assume 1 gallon of solution weighs 8.34 pounds.)

Chemical Dosage, mag/L

19. A wastewater plant has a flow of 1,180 gpm. If the chlorinator is feeding 76 pounds

per day, what is the dose in mg/L?

20. The chlorinator is set to feed 26.5 Ibs of chlorine per 24 hours for a plant flow of 1.2

21.

46

MGD. Calculate the chlorine residual in mg/L.

Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available
chlorine. The recommended dose is 10 mg/L chlorine. If your flow is 1.5cfs and
you actually used 131 pounds, how much calcium hypochlorite did you dose in
mg/L?

Chemical Dosage
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ANSWERS:
30.9 Ibs/day 12. 3.7 ft/sec
2. 307.2 Ibs/day 13. 20.8 Ibs/day
0.83 Ibs 14. 10.8 gal/day
30 Ibs/day 15. 93.9 gal
51 gal 16. 136.8 Ibs/day
14.7 Ibs/day 17. 71gpd
136.9 Ibs/day 18. 107.6 gal
15.7 lbs 19. 54 mg/L
97 Ibs/day 20. 2.6 mg/L
158.5 gal 21. 10.5mg/L
106.4 fpm
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Horsepower and Efficiency

Applied Math For Pumps And Motors

TDEC - Fleming Training Center 1

TDEC - Fleming Training Center

Understanding Work and
Horsepower

o Work: The exertion of force over a
specific distance.

e Example: Lifting a one-pound object one
foot.

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

o (1 pound object) ( moved 20 ft) = 20
gt—IBs of wor{<

TDEC - Fleming Training Center 2

Understanding Power

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

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

o This is work performed per time
(work/time)
e One Horsepower: 1 HP = 33,000 ft-Ib/min
e In electric terms: 1 HP = 746 Watts

TDEC - Fleming Training Center 3

Types of Horsepower

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

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

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

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

TDEC - Fleming Training Center 4

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

Computing Water Horsepower

TDEC - Fleming Training Center 5

o It is the amount of horsepower
required to lift the water

o Formula for water horsepower
(WHP)
WHP = (flow gpm) (total head feet)
3,960

33,000 ft-Ib/min = 3960
8.34 105/,

TDEC - Fleming Training Center 6
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Water Horsepower

Section 5

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

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

= 18.94

TDEC - Fleming Training Center 7

Brake Horsepower

oBHP =  (flow, gpm) (head, ft)
(3960) (% pump efficiency)

o BHP = water HP
(% pump efficiency)

Motor Horsepower

o MHP = (flow, gpm) (head, ft)

(3960) (% pump eff.)(%
motor eff.)

o MHP = brake HP
(% motor efficiency)

TDEC - Fleming Training Center 9
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Pumps
MHP Motor BHP WHP
% motor eff % pump eff

Right to Left means you divide

TDEC - Fleming Training Center 10

Pumps - BHP
MHP Motor _BHP WHP
% motor eff x %pump
eff

TDEC - Fleming Training Center 1

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

TDEC - Fleming Training Center 12
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Pumps Pumps - BHP

MHP Motor BHP WHP MHP Motor BHP WHP

N

% motor eff % pump eff % motor eff” = % pump eff

Left to Right means you multiply
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Motor and Pump Efficiency Typical Efficiency
o Neither the motor nor the pump will ever o Pumps are generally 50-85 % efficient
be 100% efficient o Motors are usually 80-95% efficient

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

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

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

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

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

TDEC - Fleming Training Center 15 TDEC - Fleming Training Center 16

Typical Efficiency Overall Efficiency

o Example: o Must Know the WHP and the MHP
e Motor Efficiency = 82% e If not given you will have to compute both.
e Pump Efficiency = 67%

o Wire to Water Efficiency o % Efficiency, overall = WHP
* (0.82) (0.67) = 0.55 MHP

e 0.55 x 100% = 55%
o % Over All Efficiency = 18.5 WHP = 53%

o Note: If not given, you will have to 35 MHP

calculate both motor and pump efficiency. o In all cases, the bottom number will be
larger than the top number.

TDEC - Fleming Training Center 17 TDEC - Fleming Training Center 18
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Determining Pumping Costs

Determining Pumping Costs

What was your electric bill last
month?

TDEC - Fleming Training Center 19

o Electrical Power is sold in units of
kilowatt-hours

o One Horsepower = 0.746 kilowatt

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

TDEC - Fleming Training Center 20

Determining Pumping Costs

A Few Electrical Terms...

o 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?

oCost, $/hr = (MHP)(0.746 kW/HP)(cost, $/kW-hr)

= (25 HP)(0.746)($0.035/ kW-hr)
= $0.65/hr

TDEC - Fleming Training Center 2

o Power (Watts) - amount of work done

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

o Amperage (amps) - the amount of flow of
electricity

o Power = (voltage)(amperage)
or

o Watts = (volts)(amps)

TDEC - Fleming Training Center 2

Motor Ratings, Volts, Amps,
Single and Multiple Phases

Wattage Power Factor of Motors

o Power in reference to motors is in watts

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

o 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?

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

TDEC - Fleming Training Center 2

o There are two type of motors that we
usually use. They are:
e Single-Phase Motors

e Three-Phase Motors (usually any motor
over 2 hp)

o kw, = (volts)(amps)(power factor)
Single Phase 1,000 Watts/kilowatt

o kw, = (volts)(amps)(power factor)(1.732)
Three Phase 1,000 Watts/kilowatt

Remember, if you are asked to find watts, don’t divide by 1,000

TDEC - Fleming Training Center 2
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Power Factor Of Motors

Amperes Single and Three Phase

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

o Power Factor = watts
(volts)(amps)

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

TDEC - Fleming Training Center 2

o amps, = (746)(horsepower)

single Phase  (Volts)(%oeff.)(power factor)

o amps, = (746)(horsepower)
Three Phase  (1.732)(volts)(%oeff.)(power factor)

TDEC - Fleming Training Center 2
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Applied Math for Collection
Pump Horsepower & Efficiency
Practice Quiz

1. 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?

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

3. 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?

4. 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?.

7. A wet well is 12 feet long and 10 feet wide. The influent valve to the wet well is
closed. If a pump lowers the water level 2.6 feet during a 5-minute pumping
test, what is the gpm pumping rate?

ANSWERS

1. 46 hp 5. 45.3%
2. 12.2 hp 6. $71.93
3. 20.8 hp 7. 467 gpm
4. 16.5 hp
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Applied Math for Collection
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?
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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.

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

SoakwbdE

EFFICIENCY
7. 10.2 hp
8. 14.6 hp
9. 38.9hp
10. 22.2 hp
11. 15.6 hp
12. 8.3 hp
13. 88%
14. 53%
15. 45.7%
16. 89.5%

TDEC - Fleming Training Center

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
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Applied Math for Collections
Pump Rates Problems

1. During a 60-minute pumping test, 9,456 gallons are pumped into a tank that 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?

2. 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?

3. 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?

R
]

N
S

6 ft

{ N
2.3 ft
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4. 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?

5. 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.

6. During a 60 minute pumping test, 11,321 gallons are pumped into a tank that 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?

ANSWERS

%. %g;? gpm 5. 356.2 gpm
. .7 gpm

3. 452.6 gpm 6. 188.7 gpm

4. 111 gpm
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Slope and Grade Math

* Slope or grade is the angle of inclination of a sewer, conduit, stream
channel, or natural ground surface.

* Slope (or grade) is calculated as the vertical rise (or drop) per unit of
horizontal distance.

* Gravity sewers are designed to maintain a scour velocity of 2.0 fps and
proper grade is a key factor to ensuring that proper flow is maintained.

Vertical drop (or rise), ft
Distance, ft

e Slope "y =

e 9% Slope = Slope "/x x 100%

Example:
Vertical drop, ft ~  1ft @ 3 &
Distance, ft 40 ft = 0.025 /i so Slope = 0.025 /¢
% Slope = 0.025 "/; x 100% = 2.5% so % Slope = 2.5%

<« 1 ftvertical
(rise)

C

40 ft horizontal (distance)
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Slope and Grade Calculations

1. If the total fall of a ditch is 16 feet in 900 feet, what is the slope of the ditch in ft/ft
and in percent?

2. What is the slope, in percent (%), of a pipe 7,000 feet long with a drop of 12 feet?

3. How many feet of drop are in 400 feet of an 8-inch sewer with a 0.045 ft/ft slope?

4. A 1.0% slope is required during the installation of a sewer line from manhole #2 to
downstream manhole #3. If the elevation at manhole #2 is 1,345 feet and manhole
#3 is 450 feet away, determine the elevation at manhole #3.

5. What is the difference in elevation of two manhole inverts 500 feet apart if the slope
of the sewer is 0.4%.

6. How many feet will a 6-inch sewer drop in 315 feet when laid on a 0.7% grade?
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7. What is the slope (%) on an 8-inch sewer that is 400 feet long if the invert elevation
of the upstream manhole is 428.31 feet and the invert elevation of the downstream
manhole is 423.89 feet?

8. Determine the slope (%) on a 10-inch sewer that is 255 feet long if the invert
elevation of the downstream manhole is 74.23 feet and the upstream invert
elevation is 81.39 feet.

Answers:

1. 0.018 ft/ft; 1.8% 5. 21t

2. 0.17% 6. 2.2ft

3. 181t 7. 1.1%

4. 134051t 8. 2.8%
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Metric System
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Is the English System Easier?

o 12 inches = 1 foot
o 3feet=1yard
o 5280 feet = 1 mile
o 2 pints = 1 quart
o 4 quarts = 1 gallon
o 16 ounces = 1 pound
o 32 fluid ounces = 1 quart

o A foot determined by the size of a person’s foot, there
wasn't a standard
o Confusing numbers, nothing repeats

TDEC - Fleming Training Center 2

History

O By the eighteenth century, dozens of different units of
measurement were commonly used throughout the
world

O Length, for example, could be measured in feet,
inches, miles, spans, cubits, hands, furlongs, palms,
rods, chains, leagues, and more

O The lack of common standards led to a lot of
confusion and significant inefficiencies in trade
between countries

TDEC - Fleming Training Center 3

History

O At the end of the century, the French government
sought to alleviate this problem by devising a system
of measurement that could be used throughout the
world

O In 1790, the French National Assembly
commissioned the Academy of Science to design a
simple decimal-based system of units; the system
they devised is known as the metric system

TDEC - Fleming Training Center 4

History

O In 1960, the metric system was officially named the
Systeme International d'Unités (or SI for short) and is
now used in nearly every country in the world except
the United States

O The metric system is almost always used in scientific
measurement
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Metric System Simplicity

O There is only one unit of measurement for each type
of quantity measured
m Length
m Mass
m Volume
O The three most common base units are the meter,
gram, and liter

TDEC - Fleming Training Center 6
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Metric System Simplicity

O The meter is a unit of length equal to 3.28 feet

O The gram is a unit of mass equal to approximately
0.0022 pounds
O The liter is a unit of volume equal to 1.05 quarts.

O So volume is always measured in liters, whether you
are measuring how much water you need for a
chlorine test or how much water is in your clarifier or
sedimentation basin.
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o All units can be converted into smaller or larger
units by moving a decimal point

L ko heclo  deka na daci  centi il micro
M} [14] (hy  (da) peefic  (d) icy  (mj (1M1}
1,000,000 1,000 100 10 1 Yo Y10 s 00m /s o0 s

mter — Bnear measurement
liler — volume measurement
gram — weight measurement
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Conversions

o Convert 1 meter to decimeters (dm)

o Converting from meters to decimeters requires
moving one place to the right, therefore, move
the decimal point from its present position one
place to the right as well.
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Conversions

o Convert 1 meter to decimeters (dm)

u} 1£ meter =10 decimeters

TDEC - Fleming Training Center 10

Conversions

o Convert 1 gram to milligrams (mg)

deci centi milli
i |

O 1.000 gram = 1000 milligrams
L1

TDEC - Fleming Training Center 1

Conversions

o Convert 0.28 cm to meters

[ | | | \
primary deci centi milli
unit

o 0.28 cm =0.0028 meter
[

TDEC - Fleming Training Center 12
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10.

11.

23.

24,

25.

74

Basic Lab for Water and Wastewater
Metric Conversions

1m= cm 12. 25 mg = g
lg= mg 13. 2.6 km = m
1kg= g 14. 8.5 km = m
lcm= mm 15. 80 mL = L

10 cm = mm 16. 150 mm = cm
50 cm = mm 17. 5000 m = km
8 km = m 18. 1300 g = kg
19 km = m 19. 17 mm = cm
2L = mL 20. 125 mm = cm
83m= mm 21. 170L = mL
1.8cm = mm 22. 155 m = km

A particular pipe is delivered in sections 5 meters long. How many sections are
required to span a distance of 1 kilometer?

You need to measure 34.6 milligrams of a chemical to make a solution. If the
display on the scale only shows grams, what will the reading be?

During your last visit to the doctor, the nurse told you that you weighed 98
kilograms. Assuming that a nickel weighs approximately 5 grams, how many
nickels would it take to equal your weight? If that were true, then how much is
your weight worth in nickels?

Metric System
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26. Your favorite coffee mug at work holds about %2 a liter. If you average about 8
milliliters each time you take a sip, how many sips does it take to get to the bottom

of your mug?

Answers:

100 cm
1000 mg
1000 g

10 mm
100 mm
500 mm
8000 m
19,000 m
29,000 mL

©CoNohAONRE

10.
11.
12.
13.
14.
15.
16.
17.
18.

83,000 mm
18 mm
0.0025 g
2600 m
8500 m
0.08 L

15 cm

5 km

1.3 kg

Metric System

19.
20.
21.
22.
23.
24,
25.
26.

1.7 cm

12.5 cm
170,000 mL
0.155 km
200 sections
0.0346 g

19,600 nickels, $980

62.5 sips

75



Section 7 TDEC - Fleming Training Center

76 Metric System



Section 8
Temperature

77



Section 8 TDEC - Fleming Training Center

Temperature Conversions

Convert these temperatures:

Remember formulas on page 2 in your formula book
°C *lo(°F — 32)
°F = %5(°C)+32

1. 160°F to °C

2. 70°Fto°C

3. 35°Cto °F

4. 45.5°Cto °F

1. 71.1°C 2. 21.1°C 3. 95°F 4. 113.9°F

78 Temperature
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Excavating/Paving and Maps/Blueprints

Maps/Blueprints
1. The distance between two manholes on a map is measured as *°/;5 of an inch.

Scale for the map is linch equals to 800 feet. Estimate the actual distance between
the two manholes.

2. A new manhole has been installed 254 feet from an existing manhole. How far
would this new manhole be located from the old manhole on a map with a scale of 1
inch equals 40 feet?

3. A section of sewer is to be televisioned to determine the causes of excess
infiltration. The distance to be televised measures 2 %4 inches and the scale is 1
inch equals 500 feet. How long (in feet) is the line to be televised?

Excavating/Paving
4. How many cubic yards of paving material are required to pave over a trench 2400
feet long and 3 feet wide using a 3-inch deep patch?

80 Excavating/Paving and Maps/Blueprints
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5. Atrench 3 feet wide, 8 feet deep and 70 feet long is to be filled with sand.
Calculate:
a. Cubic feet of sand required:

b. Cubic yards of sand required:

c. Dump truck loads if each truck hauls 5 cubic yards:

d. Tons of sand carried by each truck if sand weighs 144 Ibs/ft®

6. How many cubic yards of paving material are required to pave a maintenance yard
100 feet wide and 220 feet long if the paving material is to be 4-inches thick?

Excavating/Paving and Maps/Blueprints 81



Section 9 TDEC - Fleming Training Center

7. Estimate the total cost and cost per lineal foot of sewer construction project
consisting of 1620 lineal feet of 10-inch PVD with four manholes equally spaced.
The average depth of the trench is 10 feet and the average width is 3 feet.

Estimated costs are as follows:
Manholes $1600 each
Excavation and Backfill  $35.00/ lineal foot
Pipe Costs $6.00 / lineal foot
Paving $5.00 / square foot

Answers:

750 feet
6.35 inch
1312.5 feet
66.7 yd®

a. 1680 ft®
a. 62.2yd?
b. 13 loads
c. 9.7 tons
. 271.6yd®
7. $97,120; $59.95

arwnE
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Manhole Ventilation

v Blower used to ventilate manholes and wet wells should have a
capacity of 750 to 850 CFM.

v Ventilation in wet wells shall provide for at least 12 complete air
changes per hour if continuous and intermittent at least 30 changes per
hour.

v Ventilation in dry well shall provide for at least 6 complete air changes
per hour if continuous and intermittent at least 30 changes per hour.

1. What capacity blower is required to ventilate a manhole 48-inches in diameter and
17 feet deep with 15 air changes per hour or one air change every 4 minutes?

2. What capacity blower is required to ventilate a manhole 54-inches in diameter and
16 feet deep with 20 air changes per hour or one air change every 3 minutes?

3. What capacity blower is required to ventilate a manhole 48-inches in diameter and
20 feet deep with 30 air changes per hour or one air change every 2 minutes?

Answers:
1. 53.4cfm 2. 84.8 cfm 3. 125.6 cfm

84 Manhole Ventilation
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Leak Testing

1. A 12-inch sewer 394 feet long is given a water leak test. The downstream manhole
is plugged where the line enters the manhole. There are no service lines connected
to the test line. At 8:00 AM the 48-inch upstream manhole was filled to the bottom
of the cone. By 6:00 PM the water had dropped 1.2 feet. Calculate the leakage in
gpd/inch/mile.

2. An 18-inch sewer 450 feet long is given a water leak test. The downstream
manhole is plugged where the line enters the manhole. There are no service lines
connected to the test line. At 9:00 AM the 48-inch upstream manhole was filled to
the bottom of the cone. By 5:00 PM the water had dropped 2.4 feet. Calculate the
leakage in gpd/inch/mile.

86 Leak Testing



TDEC - Fleming Training Center Section 11

3. During a test of a newly installed 8-inch sewer line 400 feet long, the water level in a
48-inch manhole that is 10 feet deep and dropped 30-inches in 240 minutes. Given
this data what is the leakage rate in gpd/inch/mile?

v Water exfiltration test provides accurate test of new sewer line’s ability to convey
wastewater without excessive leakage and to resist groundwater infiltration.

v Acceptable rate of water exfiltration from a sewer line is 450 gpd/in/mile or less.

v If sewer line does not pass the water exfiltration test, the search for specific leaks is
done with air pressure.

Answers:

1. 112.7 gal; 270.6 gpd; 22.5 gpd/in; 302 gpd/in/mi

2. 225.5gal; 676.4 gpd; 37.6 gpd/in; 440.9 gpd/in/mi

3. 234.9 gal; 1409.2 gpd; 176.2 gpd/in; 2325.2 gpd/in/mi
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Dye Testing

v Dyes and floats can be used in the collection system to calculate the
velocity.

v Air testing, water, dye, smoke or TV methods may be used to locate I/I
In a collection system.

1. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 400
feet away is noted. The dye first appears at the downstream manhole in 128
seconds. The dye continues to be visible until a total elapsed time of 148 seconds.
What is the ft/sec velocity of flow through the pipeline?

2. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 500
feet away is noted. The dye first appears at the downstream manhole in 195
seconds. The dye continues to be visible until a total elapsed time of 221 seconds.
What is the ft/sec velocity of flow through the pipeline? (Round to the nearest tenth.)

3. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 300
feet away is noted. The dye first appears at the downstream manhole in 77
seconds. The dye continues to be visible until a total elapsed time of 95 seconds.
What is the ft/sec velocity of flow through the pipeline?

Answers:
1. 2.9 ft/sec 2. 2.4 ftlsec 3. 3.5ft/lsec

90 Dye Testing
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Applied Math for Collection Systems
Review

1. If you drop a Ping-Pong ball in a manhole and it travels 365 feet to the next
manhole in one minute and 28 seconds, what is the velocity of the wastewater in
ft/sec?

2. A 2-feet diameter pipe has wastewater flowing at a velocity of 3.9 ft/sec. What is
the flow rate, gal/min, if the water is flowing at a depth of 1 foot?

3. What is the storage capacity, gallons, of a 36-inch diameter interceptor sewer 1850-
feet long?

4. If the grade of a sewer pipe is 0.8% and the length is 1490 feet, the downstream
end of the pipe would be how many feet lower than the upstream end of the pipe?

5. Estimate the flow in gal/min into a wet well 3 feet wide and 6 feet long if the level
rises 1.5 feet in 4 minutes.

92 Review
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6. A 165,000-gallon flow equalization basin is 110 feet long and 18 feet wide. How
deep in feet will the water be when the basin is full?

7. How many minutes will it take to raise the water level in a 12-ft diameter wet well by
1 foot if the flow rate into the wet well is 40 gal/min?

8. A new manhole has been installed 325 feet from an existing manhole. How far
would this new manhole be located in inches on a map with a scale of 1 inch equals
25 feet?

Use the following information to answer questions 9-13:

A sewer construction project consists of 1280 lineal feet of 10-inch PVC with 4
manholes equally spaced. The average depth of the trench is 10 feet and the average
width is 4 feet. Estimated costs are as follows:

0 Excavation and backfill ~ $15.00/ lineal ft

o Pipe $2.35/ lineal ft
o Paving $1.90 / ft?
o Manholes $580.00 each

9. Excavation cost, $

10. Pipe cost, $

Review 93
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11. Paving cost, $/ft*

12. Manholes, $

13. Total cost, $/lineal foot

14. What is the brake horsepower required to pump 200 gpm at a total head of 20 feet
assuming the pump is 85% efficient?

15. To control hydrogen sulfide and odors in a 12-inch sewer, the chlorine dose must be
15 mg/L when the flow is 0.4 MGD. Determine the chlorinator feed setting (feed
rate), Ibs/day.

16. 2.95 meters equals mm

17. 320 grams equals kg.

94 Review
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18. A trench 4 feet wide, 10 feet deep and 75 feet long is to be filled with sand.
Determine the number of truckloads of sand required to fill the trench if each truck
has a capacity of 5.0 cubic yards.

19. What is the velocity of the wastewater (ft/min) in a 2.5 feet wide rectangular grit
channel if the water depth is 18 inches and the influent plant flow is 0.9 MGD?

20. What capacity blower is required, cfm, to ventilate a manhole 48 inches in diameter
and 11 feet deep with 20 air changes per hour or one air change every 3 minutes?

Use the following information to answer questions 21-22

An 8-inch sewer 480 feet long is given a water leak test. The downstream manhole is
plugged where the line enters the manhole. There are no service lines connected to the
test line. At 8 AM the 48-inch downstream manhole was filled to the bottom of the cone.
By 2 PM the water had dropped 1.2 feet. Calculate the following:

21. Total gallons leaked:

22. Gallons per day per inch of sewer diameter per mile leaked:

Review 95
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Answers:
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4.1 fps
2749 gpm
97,765 gal
11.9ft
50.5 gpm
11.1ft
21.1 min
13in
$19,200.00

. $3008.00
. $9728.00
. $2320.00
. $26.76 / ft
. 1.2hp

. 50 Ibs/day
. 2950 mm
. 0.32 kg

23 loads

. 22.3 fpm

. 46 cfm

. 112.7 gal

. 620 gpd/in/mi

Review
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Solving for the Unknown

Basics — finding x

1. 8.1 = 3)(x)(1.5)

g\ = (4s)X)

2.

(0.785)(0.33)(0.33)(x) = 0.49
(0585486:5)XX) = 049

X= O.'-\q
0 OR5H8L5
-5
. 233 = 44
x €
233 . X
I.I
4, 940 = X
(0.785)(90)(90)
-
o+ 253
(S40X b3R.S) = X,
|5ﬁ'{b,®io=x ]
5. x = (165)3)(8.34)
0.5
x:= 41283 _[ga50L.L)
05

6. 56.5 = 3800

 (R)(8.34)

X = 3RCO

. 3800
(5L5YS.34)

Hn.2y

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

(0.785)(70)(70)(x)
\\'-\: 99059(3
\_(FUSYX

X:2205.93 . 220593
(33465 WYy 43850\

8. 2= _x

] 180

(2 \80)= X.
[0 =X \

9. 46 =

(105)(x)(8.34)
(0.785)(100)(100)(4)
Y= (815X

| 3100
(4bX31400) =815 )

LU0 = % =\ \LA4)

-‘_—-—L——
10. 2.4 = (0.785)(5)(5)(4)(7.48)

98

Basic Math

4 T
24:= 53718
X

K = W_q\ﬁ :lR'-l'-l."l
o X

&=

3




11. 19,747 = (20)(12)(x)(7.48)
19,747 = (17195.2)(%)
[ A J RS

\7198.2
‘i\\ = XS

12, (15)(12)(1.25)(7.48) = 337
X

W83 = 337
W83 _
337
13. X = 213
4.5)(8.34)
X __ =13
31.53

Y & (9|3X37.53)

)
14, X

=24
246

X - 5904)

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

b= L’_(-Xl-%\'Z)
T04.73
(LX TN XX 15012)
4228.3% = %
15012
28\ 1=%x)

Basic Math
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16. (3000)(3.6)(8.34) = 23.4

(0.785)(x)
90072

 (0185)(%)
Qo022

= 930"\

. 0072

(01gsY234)  \R3A

17. 109 = X

(0.785)(80)(80)
X

soa4

109=

(109Y 5624):> X.

SUTLW = X |

18. (X)(3.7)(8.34) = 3620

(xX(20.858)= 3b20

X = 3Ibad
30.353 |
X=17

19. 2.5 = 1,270,000 .

= 1,970,000
25

X = 508,000

20, 0.59 = (170)(2.42)(8.34)

(1980)(x)(8.34)

05%: (3431.07)
'\g}jﬂbsl%.z)
¥ = (343\.07)
(05 WS13.2)

. 3431.07
9742188

4903

99
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Finding x*
21. (0.785)(D%) = 5024
Dz - ﬁ"‘ & ln"IOO
0%%
D« Joues (%0 |

22. (x)(10)(7.48) = 10,771.2
(x2X748) = 10;TII2
X?= 1072 - Wy

| K
x - A = 1z

23. 51 = 64,000

D2 (U .00 - HO00 . 1,012
ES R

D . JeRwoz |33 =40 |

24, (0.785)(D%) = 0.54

'Dzz 054 - 0[0%7%‘:'3
0185

D= JoveTE 5083)

25. 2.1 = (0.785)(DA(15)(7.48) DU Na80 :[\0.°| )

(0.785)(80)(80)
2.1:(83.01TY(D*)
1 Boaqy -
(21)50289) (%8017 DY)

10550.4 = D*
!%.017

NATjL = D?

100 Basic Math
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Percent Practice Problems

Convert the following fractions to decimals:
L % %:one

2% B 0Las
3. Ya 1=

= O,
4. Ve =05

wi- s o

Convert the following percents to decimals:

vy, 25 .0325
5. 35% fm.ﬁ(’z

6. 99% 94 _ o
S 099

7. 05% OS5 0.005
: T+16 000

8. 30.6% 20k 0,20L
Wb

Convert the following decimals to percents:

9. 065 (OLEX D) =05%
10, o015 (026Yam)= 12.5%

1. 1.0 (.OODY= 10D%

12. 005 loosYrmy= B%

Calculate the following: ¢f means "'ma@'ﬁpi\{“} 1S means "ecil.m.i +o
13.  15%0f125 {pasYias)~ 816
14, 22%of450 {0:22){450)= A9

Ve 418 X = N2 = = 20%
z Q I} - al_{? ;"P e (, bl o
15, 473iswhat % of 23657 473= (xX2305) e ool
16.  13iswhat%of6.5? 13= (B =» 13 - ¥ = go=x O

0% 2% = x

101
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~ AREA, VOLUME, AND CONVERSIONS
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%.

A (er\g{;"?\iw‘lcﬂ{h)
- (15 FO(\Q )

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

£

i

the surface area in ft°.

(%M(Qbﬁ)

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

A = (O‘”’{%%\XD" amele r)z
- (07185 a k)

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

L\m\]f—t 26

A= (07852 (0

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

_;Aaﬁ‘.\.ft_ ONoo ] fe
2 ey

A= (0785) 0T F)*

102 Area and Volume
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6. Calculate the volume (in ft°) of a tank that measures 10 feet by 10 feet by 10 feet.
V= enS‘cth'tc th)(depth)
= (ot (06

et R AASR ARR L ST

51000 &%

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

fostdesP \£ (24X A 5H)

- \2\058F

148 gal

\_e®

-.ho JO pat c\a&\

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.

V= (254 £ o SO 2HD(THE cal [4¢3)

:I 2?%‘5—1@8@]

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

V= (1260500 telots T4 248 ol i)

.éﬂ‘_@:__ - ObololoT €
2 3o

A A T

LSCI o E}‘U

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.

| & b \'%;w ARCEA \/C)\ b

s RS

B2 = (07135 b &)2(1 5743 cpl

(67185 DY* (Bepth)

gk |

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 o{ S f_el%t)" \j(c.) = ﬂ) z(,_ Qt)(j 214 sgﬁ )4{,33

-\R817 cp& W

Area and Volume
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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?

Dol £ o5 V= (085 )@5 8 (BROFY( 14 ol [
0,250 230 _ 12208t :)48’4%2‘8012]
|\ gt
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? >
0 M B oaaan Ve (0REY 083324 (5,0006)( 7. Lt?/s&\

Neser . 20388 0oL =]0.02 M6 | ‘

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?

5% of 3Me = (0.05)BMGY= 015 M6
)\5@0@0 (L

et TR T

15. What is 5% of a 1.2 MG tank?...

.0)( 1z me)<|o Lﬁ@\% o (9000030&, \

CONVERSIONS

16. How many seconds in 1 minute? (o 5@,{1/ e R
17. How many minutes in 1 hour? (00 m'mlh('
18. How many hours in 1 day? Q44 hr / 4

19. How many minutes in 1 day? |44 m‘lﬂ /d

104 Area and Volume



20.

21.

22.

23.

24.

25,

26.

TDEC - Fleming Training Center
Section 2

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

| = 175"%%%@5 [8030\\5.3 :_HU)Q,"} llos |
ke g | |

How many cubic yards of dirt is 700 ft?

005F] | yo3 25,9 yd ?
“Eﬁ}?“{:? L’

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

\ S e

A one-guarter mile segment of pipeline is being flushed, how many feet of pipeline
is this?

ozgwl*szm& 1320 fX
o = (s )

How many feet of pipe is needed for 2 miles of new line?
2mi )¥6;zgo;& . M‘ELOO (]
| mi

A three-eights mile segment of pipeline is to be repaired. How many feet of
pipeline is this? /g = 03715

0315 mi 5280 f |50 11 |

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

tank? 2,200 8@:@\ %234 o lg R e

| | gotr

Area and Volume ' 105
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Section 3

Applied Math for Distribution
Flow Conversions

Express a flow of 5 cfs in terms of gpm.
5 £ex) 748 gal | wosee
gsec” | | £ | Imin

T gL S AL

S244

What is 38 gps expressed as gpd?

Wm-_n-mm
}

58@\@05@@:}1440% Wss)&ooqpc
see” | \pirr| \d

Convert a flow of 4,270, 0(])0 gpd to cfm. \ Lé/ I
4 010,000 ged] i NESE
et~ 148 g@c&fl 1440 min l’—-—“/]m

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

@ﬁm@\ 1,000,000k 1> ) e [lmia 7
> w10 i) b0 SeC

18. 7&/’j

i

Express 423,690 cfd as gpm.
423 bQOzgt%:\ ?SQQL \ | )—2201 gpm z
& 1 &F 1440 min

Convert 2730 gpm to gpd. R
A12Daek |\ 440 i ]3 931,200 3&/3]
| 4

Flow and Velocity
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Applied Math for Collections
Flow and Velocity

Velocity

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

Vel. = di's\unce,,ﬁ& _ 3108 _;\Es,ﬁ[m\n]

A me 2 min

2. Afloat travels 300 feet in a channel in 2 minutes and 14 seconds. What is the velocity in the
channel, f/sec? Zmin < e = 13"‘ seconds ~otald

) (""—\—o
eol'6 Vel 300“:} (2.2 -Cl- c

129 sec Sec_.
Aﬂg&‘“ A\

The distance between manhole #1 and manhole #2 1s 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?

= 3092(. 0.6 min
Ve —

d. . loBR &
{\22— Vel= mo L&l(‘) Q
W

Distance Traveled, ft

Velocity = Distance Traveled, ft
Duration of Test, min

I!

ft/min

Flow and Velocity 107
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| depth, ft

—
width, ft

Q = (A) (V)
fime  (f)(fY) (fi/time)

Flow in a channel ‘ ' o
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 1

w-48in=4f 0= (WYd)vel)
je?l:"gipr Jeec = (4. 'SG'X& 3£t | sec)
T Fts/sec.j

5. A channel 3 feet wide has water Howing 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?

dw gg& Q = BAX256)120fmin) =900 3/ min \
val-120 ﬁ-lmln @IGDFr i/n&%x(;;;lox7 43) - =9, (% m_(g‘D_J

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?

u3=32_t-m | Q (w)(d)(vel)
\=\. - -
V(S =R\ @t;/‘;r_ sec (E&I{}&
. = (435X(d)
m .d
4
|.3=d
o
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F
Diameter, ft < ) Velocity, fi/time )

Q

' #time

.'”Q

o fftime

Flow through full pipe

(V)
(ft/time)

(A)

(0.785) (D Y (vel)
- ().

(f/time)

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?

D=6t
ve_\=3.:zws_ec

Q=(0188XD YDA ved
- (o TR X25(afY.5.2 fifsec)

8. The flow through a 6 inch dlameter pipeline is moving at a velocity of 3 fi/sec. What is the

flow rate in ft*/sec?

D=bin= 05k
vel» 3 ftjgec

Q= (6. 185)0.5/ )0 5@I3¥+/92c)

-
-

0.5 ﬁ-"/sac.}

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

Q= (01860 Mol )0 Mol T £)(3.4 fsec)

rate in gpm?
D=Bin = O-bloW 1
vel= 348 )sec.

(1862 frsec YooY 7:48) =]

582 gpm |

10. The flow through a pipe is 0.7 ft*/sec. Ifthe veloc:1ty of the flow is 3.6 ft/sec, and the pipe is
flowing full, what is the dlameter of the pipe in inches?

@ =0T H3kec
vel= 30 fisec

O.1 . D*
9.820
0.5 =D*?

= (07128 XD XD, A )ve D)
o.'r (0TRSYDYS3-0)
0= (8.33LXD»

Flow and Velocity

"

0.

50 =D

'c:\' not iﬂChQS

[lbin

0.5
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Diamete;,_ﬂ Velocity, fi/time )
Q. = - (A) (V)
- f'time 2 (ft/time)
Q= (Factor from d/D Ta‘dlé) (D) (vel)

ft'time . () (ftime)

Flow through pipe flowing less than full
11. A 12-inch diameter pipeline has water flowing at a depth of 6 inches.- What is the gpm flow
if the velocity of the wastewater is 300 fpm?

D=12in= | { Q= (0.3 1 fX1 £r) 3o bt min)
d=bin (181 Ao 748)= [BB gpm)

vel= 300 & min

dp= Y%e= 05
. . \%%06.23927 on chort
12. A 10-inch diameter pipeline has water flowing af a velocity of 3.2 fps. What is the gpd flow
rate if the water is at a depth of 5 inches?

D= 10in= 0.3333 f G =(0.32271)(0.8333 ﬁ)(o.fssszﬂ)[%:z)
d=5in (0.8727 $r¥e 60 140)7.48)
vel= 3.2 % [ec - - sl

-[Bb3A20 gpd|
d/D - ‘5'/10 =0.5 et

=>0.3927 on chart
13. An:8-inch pipeline has water flowing to a depth of 5 inches. If the flow rate is 415.85 gpm,
1 N ‘

- what is the velocity of the wastewater i @ v min —~ means .ﬁow needs 4o e

D=8in = O. Lol £ n ¥ min
d=5 in- -
QKT #¥min 55,5345 = (0.5ATY 04l THYO- Wl el
. F¥in o
do-"% =025 RO.L3 ssza4a: (0.2310) vel)

- Qpsaz -
R b55‘1"l"l =
' on chort 0.23\ vel

Flow and Velocity
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Applied Math for Collection
Flow Rate
Q=Av
1. Achannel 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

h Q= (w)(dXvel)
d=26 = (3 Fr)(af-’r)@_@%s)
Vel 1.8fps 108 $r¥sec |

2. 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?

D=12in= Wi Q- (0785)Y DD, 5 ) ve )
vel= 10 fniin = (o1sX (I nof mm)
- lglo'-l Fﬁmmw

3. 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?

Delsn=15% Q- (0185Y15K N1sfX1824pm)

e B2fm B0y ys7s fmin)748) {24045 gpm |
4. A 24-inch main has a velocity of 21.2 feet/min. What is the gpd flow rate for the
Pipe? 28028 2 [min)
Drgdin =2 Q=(0785)
el 9\£ﬂ[mh (oloB 08 ﬁsfml(\Xl‘-\LlOX7 48)
, =[1,70,12 g |

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

D=bin=05%F Q= (0135 X005t 2 fsec)
el= Qfrjec -(0.3935 f¥fsec X0 1440)T. U4g)

,@,wloR Spd \
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6. A 36" sewer needs to be cleaned. If the line is flushed at 2.5 ft/second, how many
gallons/minute of water should be flushed from the hydrant?

D=8bln=3ft  Q=(0185)3H X3R5 ps)
vel= 25 fps (176025 Hse) B 1:48)

.:E})ﬂ gpm 1

7. A 36" pipe has just been installed. If the wastewater is flowing at a velocity of 2
ft/second, how many MGD will the pipe deliver?

Desbin=34 Q= 0185 3HA3RAaH 2

vel= Q ffsec - (1413 ¥ 00X 140 748)
|, CE0, 500

=913 MeD |

%\ 8. A certain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water
~8 is known to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate for
< ipe? ' .
Y s 5 Q= (018501 SRNSAYAT8 ]min)
£ (820 yXBR{yd): 24905 (87195925 f2lmin)1440(7.48)
€\ times 5 m |,CT0, X0

S me min ) q S NG D]

VQ_";. aﬁﬁ_o_'ﬁ'_ = 498 "c}'m.(ﬂ ..-l .
. 5 min

VELOCITY (OPEN CHANNEL)
9. Afiloat is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the

flow velocity In feet per minute in the channel? (Assume that float is traveling at
the average velocity of the water.)

wl= dist . 800t - '\Qoﬁrlmin |
Fime. d5min

112 Flow and Velocity
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10. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

VQ\'—' 301Cf‘ :'Lg"ﬁ’/x&
0 sec

11, 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?

w=4 & Q= (48423 61 oo.bldi 14t [min)
d:2.34 -(533.3823 o)

Hme= 3 min
dist - 506G

vel= S22 < | gl ol o

min

FLOW IN A PARTIALLY FULL PIPE
12. Wastewater is moving through an 18-inch sewer at a velocity of 3 ft/sec. If the
wastewater is flowing at a depth of 6 inches, calculate the flow, gal/min.

D=18n=15h Q= (0.2200)1: SFrXI S 34ps)
vel= 3 fps (\ 5955 ﬁs/sec){coo)('v 48.)

A= Y% =0.33= 02910

13. Wastewater is moving through a 12-inch sewei‘ at a velocity of 240 ft/min. If the
water is flowing at a depth of 9 inches, what is the flow rate, MGD?

D=121n= |F+ 0= (o uausitﬁ)(lpr)(o?‘loﬂ%m)
vel= 240 fpm =Q5|.l982 £ o] 748)
d=%n R 0D, f6ee

do- Yoz 0B O3 +|loMeD |
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Chemical Dosage Calculations

Chemical Feed Rate, pounds/day:
1. To-control hydrogen sulfide (H.S) and odors in an 8-inch sewer, the chlorine dose
must be 10 mg/L when the flow is 0.37 MGD. Determine the chlorine feed rate,

Ibs/day. leld = (d.oge. lnB‘LXFIOUD.mG'DX&Sq |bS}3G_Q>
= (10mgl(©.37 MEDY(3.24)

1204 lbs[o\'\

2. A wastewater flow of 3.8 cfs requires a chlorine dose of 15 mg/L. What is the ‘
desired chlorine feed rate, Ibsiday? (3.8 efsY6OX19Q(THR) « 245568 MED

\bSI d 205413\%9.4‘558 mm%&?é%%o
=|307.2 Ibs|d |

3. A company contends a new product effectively controls roots in sewer pipes at a
concentration of 150 mg/L if the contact time is 60 minutes. How many pounds of
chemical are required, assuming perfect mixing, if 450 feet of 6-inch sewer were to

be treated? V= (0185 Y 0.58 )X 0.58 45D £4)(1.48) = lolo0), 57175 ol
= 0.000bl MG

lbs|d = (15DMgILY(0.000MoMEY 8:34)
:0.83 1bs |

4. To control hydrogen sulfide and odors in an 8-inch sewer, the chiorine dose must
be 10 mg/L when the flow is 250 gal/min. Determine the feed rate, Ibs/day.

(220 apmY 1440) = pzw MED

],860,

losld = (10 mgltY0.30 MEDY 8.34)

-[30_bs[d]
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.. A chemical solution tank measures 22 inches in diameter by 39 inches high. The

top 8 inches of the container should remain as freeboard and not be filled. What is
the useful capacity of the solution tank in gallons?

D=29Qin= \85‘&3‘& _
d= 3%in-in= 3lin= 3.5833

vol. = (0r185) 18883A X1 %333 125833 1) 148)

-\ Bl éa@__k

To control hydrogen sulfide (H,S) and odors in an 10-inch sewer, the chlorine dose
must be 7 mg/L when the flow is 175 gpm. Determine the chlorine feed rate,

Ibs/day. L\"T’SGDMY 1940) = 0,252
lbsld=(”lﬁ15\1-x0""52 meﬁj‘.%‘b oD “med

. A wastewater flow of 38 gps requires a chlorine dose of 5 mg/L. What is the
- desired chiorine feed rate, Ibs/day? o ' ‘

, (289X 1440) - 3.2832 MED

Ihsd = (Bmgl)(5.2630M6BY8.3D=]1 36 losld |

A corhpany 66ntends a new prdduct effectiively controls roots in sewer pipes at a

concentration of 175 mg/L. if the contact time is 60 minutes. How many pounds of

chemical are required, assuming perfect mixing, if %2 mile of 10-inch sewer were to

be treated? Y2 mi = (0.9X G280k M) = 240f  10Wn=0,8333H
vol.= (07 1REY0 %333 10,8333 fX 940 {148 ) = 10, T Alolols T o
. o 20,0107 MG

lbs = (\’]6«8\&_0.0!61@ mea)(&3®=|lsn Ibs)

To control hydrogen sulfide and odors in an 14-inch sewer, the chlorine dose must
be. 12 mg/l. when the flow is 1.5 cfs. Determipe the feed rate, Ibs/day. -

= (158X 1 43 LAY 1440) — oS8LA4 NGD
- Q (_Lg_f?s_\'m‘m . :

 bsld- (1BngU oS Men(83)- 1 TEsfd )

Chemical Dosage 115
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10. A chemical solution tank measures 36 inches in diameter by 42 inches high. The
top 6 inches of the container should remain as freeboard and not be filled. What is
the useful capacity of the solution tank in gallons?

D=3 =3f
A= 420n ~Lin= Bbin =3

o= (0TEER R 3EFT4) 11585 ¢

Flow: ' R
11. If an 8-inch force main has a metered flow rate of 400,000 gal/day what is the n u/«>
\0&\ > velogtty én ft/min? ool €4 - 2420 H¥min -(077851012(910710*“@71&5
! 6‘(\‘ D= Bin=0. T 31430 (0343 ve )
‘% Q00 @-= 4 = 37130 &3fmin
ab\¢\\ 483440y o 318k . vel
' ' 0O.34F |
Q- o

o - 106 & fmin |

12. If an 10-inch force main has a metered flow rate of 905 gpm, what is the velocity in

glselg?n* 0%333% 20w (08sXO 8333)X03%33)ve!)
g“ AR .= D _ 9.0\ R¥fsec 2.0l = (0545 0 (vel)
Yy GELCONEE - 20l vel
KO??\ | | 0545 T
| 371 ffazc ]

Chemical Feed Rate, less than full strength chemical, Ibs/day: _

13. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available
chlorine.. The recommended dose is 15 mg/L chlorine. If your flow is 75 gpm, how
much calcium hypochlonte is required, Ibs/day?

(T&gpe(1440) lbsld = (1Smel LY0.108 NEDYE.34)
: \)O_DD)OZ:D ' 7 O'LQS
= 0M08MGD - =E:I).?S lbslcﬂ
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14. What if you were to use 15% sodium hypochiorite, bleach for the same problem

15.

16.

17.

above in #{5. How many gallons must be fed daily? (Assume 1 gallon of solution
weighs 8.34 pounds.)

b ‘B\each,gaﬂd= (Qose, Mgl LXPIOLO,W\@@
% a’lﬁm\:ﬂlﬂi—‘/) asdlec.

= (5mgl(0.1c8 NG D) :)W

05 |

To inactivate and control slime in the collection system, sodium hydroxide, NaOH,
can be fed at about 8,000 mg/L over one hour. If the NaOH solution is used to treat
a section of 12-inch sewer 800 feet long, calculate the volume in gallons of 40%
NaOH solution required. (Assume 1 gallon of solution weighs 8.34 pounds.

)
vol.= (071 R 15D(BR G Y(148) = 46144 qal = 0004144

gl - (g,az)rglqo.ooquﬁme) JF?‘BH el J(
0AO

Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available .
chlorine. The recommended dose is 11 mg/L chlorine. If your flow is 1.5cfs, how
much calcium hypochlorite is required, Ibs/day?

Q = (B ATURYEOX MU0 - 0ghd MeDd
\ ,OTD)&D

bsjd= (gl YO AN _[1303 les]d ]
T ous :

What if you were to use 15% sodium hypochlorite, bleach for the same problem
above in #16. How many gallons must be fed daily? (Assume 1 gallon of solution
weighs 8.34 pounds.) :

gpd> (UmgltYo a4 MeD) [Tl gpd ‘l

T I
RIS
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18. To inactivate and control slime in the collection system, sodium hydroxide, NaOH,
can be fed at about 8,000 mg/L over one hour. If the NaOH solution is used to treat
a section of 10-inch sewer % mile long, calculate the volume in gallons of 40%
NaOH solution required. (Assume 1 gallon of solution weighs 8.34 pounds.)

1= (07185Y0.8333)0.% 223) 1320 $0(714K)
86&: Cmq\LX\/O\) ﬂ'l(tb " - 52%2.4833 &oﬁ. or 0.0053%2
: % conc., | m@
- Cglowmg\l_X0.00B&%Q m@): 0. Lo 8Q’Q’
0.40
Chemical Dosage., ma/L %Az MED

19. A wastewater plant has a flow of 1, 180 gpm. If the chlorinator is feeding 76 pounds
per day, what is the dose in mg/L?

T pounds
\L= {chem, {eed, \bS]c)a\1> g
. (flows, NGEDY 834 G EED)

20. The chiorinator is set to feed 26.5 Ibs of chlorine per 24 hoiirs for a plant flow of 1.2
MGD. Calculate the chlorine resudual :

L= 2.9 Ibs 9. vl
mﬂl (1.2 NGBYE. 2 m

21. Your town has been receiving complaints about odors in your sewer system. To
correct the problem, you have decided to feed calcium hypochlorite, 65% available
chlorine. The recommended dose is 10 mg/L chlorine. If your flow is 1.5¢fs and
you actually used 131 pounds, how much calcium hypochiorite did you dose in

" C . N D3OGl
Chem Feed, \%bS (dose, MC(\LX—HOLD MeDY R 3“{) (4 Sa:a)fcm >
% them, 'Purt‘h[ D.C'llsﬁ‘-lOS
131 pounds (2Y(0.4LA40Y 8. 34) mED
0.5 _
131 = (OXR.0%4%L)

0.5 _
[5\ = C?X\Z 43‘325} ?doﬁg: 1D.5 ”\S\Lj

12.4'3815¢

118
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Applied Math for Collection
Pump Horsepower & Eff;clency
' 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?

- (flow,apm) head H)
00

- Q&_XD@QHX'TS -PD
3560

: .

A pump is dehvermg a flow of 1,035 gpm agamst 46.7 feet of head What horsepower
will be required?

Whp = (1635 gomYdb1 £
2960

o]

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

(‘Clou), Qp m\{heﬂd 'G)
(g,qw)(pum? eff.7, osdec)

. (120 X\OM—D
(2 0’78)

0.8 he
You have calculate!i’hat 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?

ml‘\ _:8_4'3_ Bhp —&D_P__-FF.

h
OR % motoceft. Zpumpe

Mhe = Whe = 101 )15 hEI

(% motor %gump (03801
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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?

7 B overalls Whp x 10D
Mhp

_ Me3ho . 10D

St hp

L]
-

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
consured during a week in which the pump runs 126 hours?.

Cost ¥ne = (M hp 074 WX cost,Vitt=he)
- (1zep)f) - (271,33 )0 THY#0.098X 12 hr)
Mljp (29000 L P

7. A wetwell is 12 feet long and 10 feet wide. The influent valve to the wet well is closed.
If a pump lowers the water level 2.6 feet during a 5-minute pumping test, what is the
gpm pumping rate? '

Pump Rl ,gpm = (L, #0(WAXA L)24%)
Hime min
; @@Iloﬁj@um{mqa)
5 min

=\’—\uﬂ gpm

ANSWERS

1. 46 hp 5. 45.3%

2., 12.2 hp 6. $71.93
3. 20.8 hp 7. 467 gpm

16.5 hp
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Applied Math for Collection
Pump Horsepower/Efficiency/Cost/Motors

HORSEPOWER

1.

2.

-

5.

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?

Whe= (Bomgem(85a)
2F100

=]\8.°l hlo?

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

U)hp @355?\0‘“140 f)
2/0

B

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?

Whp = (G00gpmYTe-2-fr)
SN0

=13 hé&

Suppose a pump is pumping against a total head of 46 feet. If 850 gpm is to

- be pumped, what is the horsepower requirement?

Who= (38Dgpm) 4bo+H)
2900

:

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

Whe= (385 gom)35. LovCO
e

= |7'5 he )
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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?

Who = (1522 (W60
P 0

25 ho |

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?

- (30 aomY 45+t
Bh‘o - (3°100)(0 -35)

-_—
-

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?
Bhp= (45D gpmX30t)
[ES oY ©T0)

9. The motor nameplate indicated that the output of a certain motor
How much horsepower must be supplled to the motor if the motor s 90%:

- efficient? BT
O °|o

<[22 he)

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?

= \33.2 \(\P \

1

i

EFFICIENCY
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11, 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, wrgt
motor horsepower will be required? OR - W - - 1.2
(moho pump Bhe _ 1L2S.\15.L

.9 - Mho= e = 02
) \?\:j P~ motor et h

12. You have calculated thata certain pumiping 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?

_m‘P"_’ (T?:_o%ﬁo) |
=|3.3 he)

13. 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?

Zoump = Whp - 185 he . 0,38 x1D =‘8‘3?|
ext. Bhp o\ hp

&

14. 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?

et = Whp - 185hp - 0524 = '55?.('\02
Eoe - 05

ovexall Mhp

15. 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?

3Lk the (=5 mh
1014 kW A x

lnctor = Bhp = G bp _ odsT=[4517
Amgror - Bhe- = hhe. - 04571 -[46717)
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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?

- M_{_'_hﬂ_m: 1340 hpo

071dto K|
7% motoc = 12 ho - 03162 R4.57
eff. I3 hp L::::]

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?

pump cost; Yhe = (MhY0740Y cost ¥k -he)
= (83 hpX0. 'Mcoj(*'o 0R)
= [#2233/hr

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? -

pump cost, #/he = (20 heXO o) H0.08)

= 1112/ he |

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?

Ut cost, Yhe = (ashpX0T1dEYH0. 025)
= $0A7/hr
@M hes = (f047 hdnz& h.@
i% D3 )
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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? '

Mhy - (100gm BH) = 9571 hp
(2a60)(0:10)

cost Yhe = (35714 hp) 074 #0.025)= %048/ he
cost, Ve = ( _
@ 0 hrs => (% 0.48/ hrISO-hrs) :l“EF 284% }

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.

. 185he - 91.02 h
Mhp = ez P

cost, Yhe - (5109 X0 14eX%0.018)= 0.2 /hr

: @M s> @O.Qlllhr'XQQhrs) =&‘ﬁ5.lo'5/dg

22. Apump is discharging 1500 gpm against & 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?

Mhp= (1560 meX?Soacr) = 1o he
- BUDNOLS)
cost $he- (44,50 hpX0 T46Y%0.035)= # L1 he

@90 hes = (RhoXao hes) J#i0472.|

MOTORS

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

B o= (440 voltSYBloames) (312 bp |

130
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24, What would be the horsepower on a motor that is rated at 12 amps and 440

volts?  hp= (440 voSX1R amps)
Tl

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

volts?
hp = (440 votsYlle amps)
40

=]OIL| hp \

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?

wats = (vo\+sXamstpowerncadvr)
= (110 volks12 ampSI lof)

- lL3QO lDG.'HS)

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

wots = (990 volteX 12 amPSXO.?S p{?)
= [2112 wadls)

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?

watts = (10 w2 am 5)(0 ch)
E)% watts|

126 . Horsepower and Efficiency
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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?

UJOJHS 'Hmae gjr\a% (YOl’rsXamps)(PﬁXl’BfL)

= (440 vt Y0 ampSY 025 pFX1132)
- 12355 watis)

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?

wadts  three- phase = - (440 YOHSYHO amstO G pfX1732)

J7,435 wotts)

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? '

KW = (440 vottsY20 ampSY0 35pf X 732)

1600
:|I5\<L0!

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

_ _wolts
power toctr = @a@(amﬁ@

_ 3872 watls
B0 voltNlamp ~

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

_ _290 watts
power Qad?)( - (4uovottsYoamps) @

Horsepower and Efficiency
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Applied Math for Collections

Pump Rates Problems
1.

During a 60-minute pumping test, 9,456 gallons are pumped into a tank that 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?

@umpRak,: volume ,qoll
- gpm Hime , min

- A4 ga(L
Lomin

) %L\’fé_’l.bgpm\'

2. During a 30-minute pumping test, 3680 gallons are pumped into a tank, which has
?; ggﬁm%t%r of 10 ft. The water level before the pumping test was 3 ft. What is the
rate?

Pump Rate = 380G0
gpm 30 min

29,7 Gpm \

i)

i)

3. 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?

- YD d A4R)
<> fPumpRane,_(ongaanng% Blady
L () oD G D LD EA )

120 min
= 543U.\S el
6t 120 miy

:_57359‘_193@ .

231t {

198 Pumps
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4. Atank has a length of 12 feet, aldepth 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 galions per minute?

Pmp Rode, = (4, 8k, fYd, AYTdR) T
gpm Hime min |
- (18128106 Y748)
9471 min

;\ i\ Gpm (

5. 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. 0.5 Min

PampPake = (1010 A(BAX248)
apm 0.5 Min

|35 gpm|

6. During a 60 minute pumping test, 11,321 galions are pumped into a tank that has a
length of 15 feet, a width of 10 feet and a depth of 8 feet. The tank was empty
before the Eumping test was started. What is the GPM rate? . .

(‘Pump , = 1\,39\8&& S
gpm 16O min

ANSWERS
1. 157.6 gpm 5. 356.2 gpm

2. 122.7 gpm
3. 45269pm . 6. 188.7 gpm

4, 111 gpm

Pumps 129
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Slope and Grade Calculations

If the total fall of a ditch is 16 feet in 900 feet, what is the slope of the ditch in ft/ft

ag{ﬂ;neperae/at?: verhcal drop,qq Slope, % = Slepe M X100
oop distance , £+ 0. 01816
K 1l ,f_‘ . . . _ . = ]

- [oo1g /g
What is the siope, in percent (%), of a pipe 7,000 feet long with a drop of 12 feet?

§lope 7= L&ﬁ x 1D

. (0.0017X1CD)

- (017%]

How many feet of drop are in 400 feet of an 8-inch sewer W|th a 0 045 ft/ft slope’?

&
0.045 W = 4@%

(0.04SYHED) = X
[1B% = x\

A 1.0% slope is required during the installation of a sewer line from manhole #2 to
downstream manhole #3. If the elevation at manhole #2 is 1,345 feet and manhole
#3 is 450 feet away, determine the elevation at manhole #3. ‘

rat #2 1 345‘9
\%Z = 0.0 %/p e —a 3
X 7 drop

(000" = a5,
= o A S & = {13405 8
(0. ol 4ep)= 4.5 ﬁdroP 345 fr -4SH |% manhole®

3

What is the difference in elevation of two manhole inverts 500 feet apart if the slope
of the sewer is 0.4%. = O.004 */a

faYo B/ %’-ﬁ
(o.co@(m)ﬂ@(’—r S

How many feet will a 6-inch sewer drop in 315 feet when laid on a 0.7% grade‘?

L 0.0 Ay
0001 = Ton o
.o BIS)= 2205 @ 225

130 Slope and Grade
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7. What is the slope on an 8-inch sewer that is 400 feet long if the invert elevation of
the upstream manhole is 428.31 feet and the invert elevation of the downstream

manhole is 423.89 feet? _ - ao L & o
428,23 -423 84 = 4424+t cvrop

4428 _ 1\ 2
Byl MG

8. Determine the slope (%) on'a 1’0_—in¢h :Sew_.er that is 255 feet I,on'g"-if_the' invert
- elevation of the downstream manhole is 74.23 feet and the upstream invert

elevation is 81.39 feet. £1.29-74.23 7-7.!(0‘@!‘ drop

Mﬂ5 .
1ih _[03%
ass £

Slope and Grade 131
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10.

1.

23.

24,

25.

Basic Lab for Water and Wastewater
- Metric Conversions

' - - 0,005
1m=f—cm ‘%-lw 12, 2.5 mg = g M%% 0
tkg=___ g 0097 14 85km= m 855576
tem=__ mm 1 G=O 15. 80 mL = L Mi_‘s/gﬂovog

=S
10cm = mm \&9& IO 16, 150 mm = cm l%o '
50cm=__ mm &0 6, =50 17. 5000m=___ km 500005

.- ) ’(, - . ’ _ . - _ - . . :\‘3
Skm=______m 8,00=8CC0 18. 13009 = kg 129
Bkm=______m lq%ﬂa"m’w. 17 mm = cm IEJ» =\

_ . -29 oD _ 5.0 =125
29L=___ mL2900B >4 20. 125 mm cm IQ\U -
8m=____ mm$3L0007835C 51 170L = mL | 70002~ 7
1.8cm=_ ___mmlg&= |& 22.155m=_________km @010'155

A particular pipe is delivered in sections 5 meters long. How many sections are
required to span a distance of 1 kilometer?

ao meters = EOO sechons
S meder] sec '

005~

You need to measure 34.6 milligrams of a chemical to make a solution. If the |

display on the scalé only shows grams, what will the reading be?

- k&,,tp = fé,osqto$

During your last visit to the doctor, the nurse told you that you weighed 98
kilograms. Assuming that a nickel weighs approximately 5 grams, how many
nickels would it take to equal your weight? If that were true, then how much is

your weight worth in nickels? - —~
L gg.coarams _ 19,600 nidkels
- BOER, mTBLE .

S grams [nickel (161;{9@3)66.05) :\@

132 Metric System
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26. Your favorite coffee mug at work holds about - a liter. If you average about 8
milliliters each time you take a sip, how many sips does it take to get to the bottom
of your mug? ‘

Y, L=05L 0550, =50 ml

BGDNQ.:>®9ESQPSS

%mL[S‘\P

Answers:

100 cm 10. 83,000 mm 19. 1.7 cm
1000 mg 11. 18 mm 20. 12.5¢cm
1000 g 12. 0.0025 g 21. 170,000 mL
10 mm 13. 2600 m 22. 0.155 km
100 mm 14. 8500 m 23. 200 sections
500 mm 15. 0.08 L. : 24. 0.0346 g
8000 m 16. 15 cm 25. 19,600 nickels, $980
19,000 m 17. 5 km 26. 62.5 sips
29,000 mL 18. 1.3 kg '

CONOUAWN -
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Temperature Conversions

Convert these temperatures:

Remember formulas on page 2 in your formula book

°C

°F

1.

= %f(°F - 32)
= %5 (°C) + 32

160°F to °C KVQO/Q‘{G&
°C =% (F -3
_ 0555{00218):‘7 1°C (

70°F to °C
of = "5/q(70” 29)

= 0.5556(38)

_:&9_\0 C

o fest
35°C to °F ot
°F=¥s5(°C) +22

(.8 )32+ 22
= 13 3R

45.5°C to °F
oF = Vs (465) +32

_(8Y458) +32
=313 2

134 Temperature
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Excavating/Paving and Maps/Blueprints

Maps/Blueprints ~7 =a37%
1. The distance between two manholes on a map is measured as %/ if an inch.
Scale for the map is 1inch equals to 800 feet. Estimate the actual distance between
the two manholes. hin = 8(:0{-?
———9

Mep Scale = _linch _ Scale, Bt
i Meosured Dist. in " Actual Dist |
lin wagof (D00O=(098T6X(F0)
0935w X x = 150 &

2. A new manhole has been installed 254 feet from an existing manhole. How far
wouid this new manhole be located from the old manhole on a map with a scale of 1

inch equals 40 feet? 0,25 1\ =X lin =40 F
\ \nd’\ 7 408& (:3 M

(0 4315)30)
= ""w

%&64% 259 - 635
(\)(95 )= (7(\;(405 “0
254 = X

40
3. A section of sewer is to be televisioned to determine the causes of excess
infiltration. The distance to be televised measures 2 10/16 inches and the scale is 1
inch equals 500 feet. How long (in feet) is the line to be televised?

2\ %= ALRS1N lin=200k
. ' u
Linch _ Soof (2.eas)(500)

2a8in X

, Tz 13RS
(DX = (9.5951@):\13195H |

Excavating/Paving
4. How many cubic yards of paving material are required to pave over a trench 2400
feet long and 3 feet wide using a 3-inch deep patch? 3in= 0.25 &

(2,6 X w0 XA - (2ucof 341025

g\ d?> = ] \
pavis: fagi ’“‘/\ldi ST #¥ycb
= (b1 yd®

Excavating/Paving and Maps/Blueprints
135
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5. Atrench 3 feet wide, 8 feet deep and 70 feet long is to be filled with sand.
Calculate:
a. Cubic feet of sand required:
vol, & 2= (&, f Yoo, XA £0
= (o3 & H)
kv &2
b. Cubic yards of sand required:
43 8D H°
STV 4>
-] (02.2yd®
¢. Dump truck loads if each truck hauls 5 cubic yards:
w22yd> _ 194 :') 12 \ands
6\/d3f load
d. Tons of sand carried by each truck if sand weighs 144 Ibs/% _
HFN - 1240 >means Use
(Byd>aT 7= 1254 per lood (2% for
(135 G It =190 s

9 H40lbs  <T0 \ Lo
gomnbs(?m @2’@05

6. How many cubic yards of paving material are required to pave a maintenance yard
100 feet wide and 220 feet long if the paving material is to be 4-inches thick? .

yd>= (5008 (1o f) 0233330 > 0,3333
| ﬁ?ydg

|2 boyd® |

Excavating/Paving and Maps/Blueprints
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7. Estimate the total cost and cost per lineal foot of sewer construction project
consisting of 1620 lineal feet of 10-inch PVYD with four manholes equally spaced.
The average depth of the trench is 10 feet and the average width is 3 feet.

Estimated costs are as follows:

Manholes $1600 each
Excavation and Backfill  $35.00/ lineal foot
Pipe Costs $6.00 / lineal foot
Paving $5.00 / square foot

Manholes (4 X 41600) = ¥o400
EL B (1020Y*85) = #5100

Pipe  (lbaof*l) =*a7120
Poviny (2013 ¥5) =% 24,200

TJotal Cost %97 120 |

Cost/f = %97, 120 :
| 02O

Answers:
750 feet
6.35 inch
1312.5 feet
66.7 yd® -
a. 1680 ft°
a. 62.2 yd®
b. 13 loads
c. 9.7 tons
271.6 yd®
$59.95

abwn =

No

Excavating/Paving and Maps/Blueprints 137
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Manhole Ventilation

- v Blower used to ventilate manholes and wet wells should have a
capacity of 750 to 850 CFM.

v Ventilation in wet wells shall provide for at least 12 complete air
changes per hour if continuous and intermittent at least 30 changes per
hour.

v Ventilation in dry well shall provide for at least 6 complete air changes
per hour if continuous and intermittent at least 30 changes per hour.

1. What capacity blower is required to ventilate a manhole 4§:Tnches in diameter and
17 feet deep with 15 air changes per hour or one air change every 4 minutes?

Blower (apacity = (0185 Manhole DH)* ( Manhole d, i)
&3 min ~qir chang win
= (oaX4e (4T
_Aming
:26304 C‘Fmt /\_45%

2. What capacity blower is required to ventilate a manhole 54-inches in diameter and
16 feet deep with 20 air changes per hour or one air change every 3 minutes?

ol o= (071884 5 A SH NI £
Smin

-|84.9 ofm |

{'\J
3. What capacity blower is required to ventifate a manhole 48-inches in diameter and
20 feet deep with 30 air changes per hour or one air change every 2 minutes?

b = (018X A8 AEQ0R)

SOy

= [@5.@ ofon

138 Manhole Ventilation
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Leak Testing

1. A 12-inch sewer 394 feet long is given a water leak test. The downstream manhole
is plugged where the line enters the manhole. There are no service lines connected
ugin= tothe testline. At8:00 AM the 48-inch upstream manhole was filled to the bottom
g ofthe cone. By 6:00 PM the water had dropped 1.2 feet. Caiculate the leakage in
gpd/inch/mile.

+ leakag gol = (0188Y D RS 20 (748D = (0185 AR 24T 49)

“M2.7 qold
- leakage, gpd = (leakas - Qe 738uaaﬂ324~\)5 . 5o apd)

“Tievie, e 10 hrs
8Pd/\n éew;%%@mmd)m - 9’10.6’{255@ =@9-68Pd/"“3
] WY5230) . (52.54774pd/inX5280) (302
ogPd/Fn}mi (\ealcglgﬂp%i/ Y(5280) . iy gpd/”‘lm‘

2. A 18-inch sewer 450 feet long is given a water leak test. The downstream manhole
is plugged where the line enters the manhole. There are no service lines connected
to the test line. At 9:00 AM the 48-inch upstream manhole was filled to the bottom
of the cone. By 5:00 PM the water had dropped 2.4 feet. Calculate the leakage in
gpd/inch/mile.

gl = (01 8614%3(4@(9.4%174&) 2955 50.9.\
qpd _ (2254771 galX2d @(04 pou |

Shes
M313qpd
8@\,‘” il Lﬂblﬁ in S DU’E\PO\/‘” \\ |

"S\Od hﬂlm‘l - (3’!.‘5’1?3;;2{:‘0)(5980) ;Lq;_loq %Pdhﬁ'm‘l\

Leak Testing 139
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3. During a test of a newly installed 8-inch sewer line 400 feet long, the water level in a
48-inch manhole that is 10 feet deep and dropped 30-inches in 240 minutes. Given
this data what is the leakage rate in gpd/inch/mile? 2 Yhrs

gal - (6185 4AY2.5 £ T48) = 934 812 gal

\ PO\-:@'“'*Z‘E%&QXQ”) ® 140,232 qpd

(HOAZ32860). - |14, 15 gpd]in

gl
- gpd ia|mi = (\%.fggwgo) =|o2853 Spdlinlm‘lx

v Water exfiltration test provides accurate test of new sewer ling’s ability to convey
wastewater without excessive leakage and to resist groundwater infiltration.

v Acceptable rate of water exfiltration from a sewer line is 450 gpd/in/mile or less.

v If sewer line does not pass the water exfiltration test, the search for specific leaks is
done with air pressure.

Answers:
1. 112.7 gal; 270.6 gpd; 22.5 gpd/in; 302 gpd/in/mi

2. 2255 gal; 676.4 gpd; 37.6 gpd/in; 440.9 gpd/in/mi

3. 234.9 gal; 1409.2 gpd; 176.2 gpd/in; 2325.2 gpd/in/mi

140 Leak Testing
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Dye Testing

v Dyes and floats can be used in the collection system to calculate the
velocity.

v Air testing, water, dye, smoke or TV methods may be used to locate /|
ina coilectlon system.

1. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 400
feet away is noted. The dye first appears at the downstream manhole in 128
seconds. The dye continues to be visible until a total elapsed time of 148 seconds.
What is the ft/sec velocity of flow through the pipeline? A\(s Time= 1282 :: 4%

Vel OC.l‘\Y —d-%——— 1138 s.

_4ofr -39 fps
128 2ec

2. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 500
feet away is noted. The dye first appears at the downstream manhole in 195
seconds. The dye continues to be visible until a total elapsed time of 221 seconds.
What is the ft/sec velocity of flow through the pipeline? (Round to the nearest tenth.)

A\{S fime= A5+22] = Q038 sec.
Ta

Yalochr\(- %%E: i@ﬂ Es S

3. Afluorescent dye is used to estimate the velocity of flow in a sewer. The dye is
injected in the water at one manhole and the travel time to the next manhole 300
feet away is noted. The dye first appears at the downstream manhole in 77
seconds. The dye continues to be visible until a total elapsed time of 95 seconds.
What is the ft/sec velocity of flow through the pipeline?

AVS Time = T'Hq5 Blo sec

a0h (35 fe)

Ya\ocl*w o
wC

Dye Testing 141
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142

Applied Math for Collection Systems
Review

If you drop a Ping-Pong ball in a manhole and it travels 365 feet to the next

manhole inone minute and 28 seconds, what is the velocity of the wastewater in
ft/sec? ¥ sec

- velocity= BB Tt o) 4.1 «CPSK

8 RC

A 2-feet diameter pipe has wastewater flowing at a velocity of 3.9 ft/sec. What is
the flow rate, gal/min, if the water is flowing at a depth of 1 foot?

Y= " 5.0.52 0,399 o
Q=039 25U 243 Fft/sec) = b | 2012 F¥=c
(b 12112 Gs/aec_i'm%)(zgo)—,m

What is the storage capacity, gallons, of a 36-inch diameter interceptor sewer 1850-
feet long?

Yol= (0182 @XER(1350 AX7.48)= AT 1055 ol |

If the grade of a sewer pipe is 0.8% and the length is 1490 feet, the downstream
end of the pipe would be how many feet lower than the upstream.end of the pipe?

087 = O.008 Fle

0.008 ke =Toeoh
(0.co8)1460) =14 & !

Estimate the flow in gal/min into a wet well 3 fest wide and 6 feet long if the level
rises 1.5 feet in 4 minutes.

apm = (BEACENSNTIE) 1505 qom|

< min

Review
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6. A 165,000-gallon flow equalization basin is 110 feet long and 18 feet wide. How
deep in feet will the water be when the basin is full?

105,000 gl | 748 ~ 83,054 £

29,058.3235 f13 = (MoFY18H)(d 1)
29,058.89%5 =048 d)

32,058, 3235 -d
1980

ILifd |

7. How many minutes will it take to raise the water level in a 12-ft daameter wet well by
1 foot if the flow rate into the wet well is 40 gal/min?

vol. = (0 18Y 12512 Y 1A 148)= 845 5392 gl

- 845,620
LlOSPm - Time min
Hme m(n 845 BBOIQCFLQ_, &4, ' MminN
40gP™ |
8. A new manhole has been installed 325 feet from an existing manhole.” How far
would this new manhole be-located in inches on a map with a scale of 1 inch equals

o
25 feet? Lin 266

x 335 Ly

(Y3s2)= (X(26)

o
ST

Use the following information to answer questions 9-13:

A sewer construction project consists of 1280 lineal feet of 10-inch PVC with 4
manholes equally spaced. The average depth of the trench is 10 feet and the average
width is 4 feet. Estimated costs are as follows:

0 Excavation and backfill $15.00/ lineal ft

0 Pipe $2.35 / lineal ft
0 Paving $1.90/  _ ft%
0 Manholes $580.00 each

9. Excavation cost, $ .
IS l@%@si‘ﬁ iﬂ;QOO )
10. Pipe cost, $

F2.25(1280) = [::}

Review 143
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11.

12,

13.

14,

15.

16.

17.

144

Paving cost, $/ft2
, (Mao)izso)4): frer22]
Manholes, $ .
(L\W,Sgo)w_ﬁszsm |

Total cost, $/lineal foot »
#2290+ ¥9728 + F200R+ 119 200 ="3425 L :ﬁamb |
1280 &

What is the brake horsepower required to pump 200 gpm at a total head of 20 feet
assuming the pump is 85% efficient?

Bhp = (80gpmX208) 412 ho )

(3OO BS)

To control hydrogen sulfide and odors in a 12-inch sewer, the chlorine dose must be
15 mg/L when the fiow is 0.4 MGD. Determine the chiorinator feed setting (feed
rate), Ibs/day.

Ibs|d = (1Sm (0 MEDYR.34)

295 meters equals RA50 mm

320 grams equals _0, 3\ kg.

Review
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18. A trench 4 feet wide, 10 feet deep and 75 feet long is to be filled with sand.
Determine the number of truckloads of sand required to fill the trench if each truck
has a capacity of 5.0 cubic yards.

yd%haﬁ)@@(loﬂ) = 1yd® | 252 Jeads

oTRa Syd¥load ) m

19. What is the velocity of the wastewater (ft/min) in a 2.5 feet wide rectangular grit
channel if the water depth is 18 inches and the influent plant flow is 0.9 MGD?

(OameDIL,TO ) - 335561 $+3/min
TCEDGE

§2.550| fi3/min = (05158 el fpm)
2,550 = (3715 Y vel fom)
$2.55L\ _Tg - |

20. What capacity bloﬁé—r'% required, cfm, to ventilate a manhole 48 inches in diameter
and 11 feet deep with 20 air changes per hour or one air change every 3 minutes?

fi3fmin = (OT8SY4RY AN &)

3min

= 4l edm

Use the following information to answer questions 21-22

An 8-inch sewer 480 feet long is given a water leak test. The downstream manhole is
plugged where the line enters the manhole. There are no service lines connected to the
test line. At 8 AM the 48-inch downstream manhole was filled to the bottom of the cone.
By 2 PM the water had dropped 1.2 feet. Calculate the following:

21. Total gallons leaked:

cab = (0mes)A B4 28 ) 7.47)

-,Ll\’;?ﬁ(qoﬁ_ )

22. Gallons per day per inch of sewer diameter per mile leaked:

L (112,7385oal Y24 52805 )
gpdin|mi - EDICTS CLErD

Josogpafinlni |
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