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Solving for the Unknown
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ENVIRONMENT AND CONSERVATION

Basics

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

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

TDEC - Fleming Training Center 2
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Basics

- When solving for an unknown
- variable, x.

e | | 1. X must be in the numerator.

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

TDEC - Fleming Training Center 3

What if x is not in the numerator?

2=4 * If x is in the denominator it
2
x=" can trade places with a
number on the other side of
2 =X the = sign.
4 + Flip-flop
0.5 = x  This is the only time you
can move X.

 If x is in the numerator DO
NOT MOVE x.

TDEC - Fleming Training Center 4

Basic Math Review 5



Section 1 TDEC - Fleming Training Center

Practice

(23)(x)(7.48) = 542
Step 1. Determine if x is in

Step 1 yes the numerator

(Sétg)pé%) — 172.04 Step 2. Simplify the numbers

(172.04) (x) = 542 Step 3. Get x by itself

Step 3 Step 4. Solve the equation

(172.04) (x) = 542

T
X =542
172.04
Step 4
X= 315 TDEC - Fleming Training Center 5
Practice

(8)(x) = 21 Step 1. Determine if x is in
(3)(3) the numerator
Step 1yes Step 2. Simplify the
Step 2 numbers
(8)(x) = 21 Step 3. Get x by itself

9 Step 4. Solve the equation
Step 3
(8)(x) = 21 8)(x) = (21)(9)  x= (21)(9

9 8
Step 4
x = 23.625

6 Basic Math Review
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X
Step 1
No
Step 2

Step 3
—
86= 3700
X

Practice

Step 1. Determine if x is in the

80 =3700 numerator

Step 2. Simplify the numbers
Step 3. Get x by itself
Step 4. Solve the equation

Already simplified

Step 4
80 =x 0.0216 = x
3700

TDEC - Fleming Training Center

Solving for x?

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

* There is one extra step at the
end.

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

Step 3. Get x2 by itself

Step 4. Solve the equation

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

TDEC - Fleming Training Center
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Solving for x?

(x2) (0.785) = 2826
Steo 1V Step 1. Determine if X2 is in

ep 1 ves the numerator
Step 2 already simplified Step 2. Simplify the
Step 3 numbers
(x2) (0.785) = 2826 2 by i

— Step 3. Get x? by itself |

(x?) =(%%65 Step 4. Solve the equation
Step4 Step 5. Take the square
(x*) = 3600 root of both sides of the
Step 5 equation
VX2 = V3600

X= 60 TDEC - Fleming Training Center 9

Things to remember

* Only move x ifitis the denominator.

* |If x is in the numerator leave x where it is
and move the other numbers away from x.

|t does not matter if x is on the left side or
the right side of the equation.

*X=95
e 5=X
* They mean the same thing!

TDEC - Fleming Training Center 10
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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 (divide the numerator by the
denominator).

Basic Math Review
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Solving for the Unknown

Basics — finding x

1. 81 = 3)X)(L5)

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

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

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

6. 56.5

9. 46 =

Basic Math Review

= 3800
(x)(8.34)

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

(0.785)(70)(70)(x)

(105)(x)(8.34)
(0.785)(100)(100)(4)

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

X
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13.

14.
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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)

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)

Basic Math Review 11
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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)

12 Basic Math Review



Percent Practice Problems

Convert the following fractions to decimals:

1. Va
2 Y
3 Vs
4 2

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?

13



Section 1

Basics — Finding x

1. 1.8
2. 573
3. 529
4. 5,976,990
5. 8256.6
6.  8.06
7. 0.005
Finding x>
21. 80
22, 12
1. 075
2. 0.625
3. 025
4. 05
5. 035
6.  0.99

14

10.
11.
12.
13.

14.

23.

24.

Percent Practice Problems

7.

10.
11.

12.

360

1649.4

244.7

10.99

4.99

7993.89

590.4

40

0.83

0.005

0.306

65%

12.5%

100%

5%

Basic Math Review

Answers for Solving for the Unknown

15.
16.
17.
18.
19.

20.

25.

13.
14.
15.

16.

TDEC - Fleming Training Center

2817
4903.5
547,616
117
508,000

0.35

10.94

18.75
99
20%

20%
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Area, Volume, and Conversions
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---------------------

Area Formulas
 Rectangle

length

A = (length, ft)(width, ft) :::’

« Circle

PP

A = (0.785)(diameter, ft)>

Diameter is equal

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

Area of a Circle

A =(0.785)(D, ft)?
A = (0.785)(2ft)(2ft)

A=3.14ft2

Diameter = 2 ft

16

Area

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

o Square inches

= Square feet

s Square meters, etc.

Area of a Rectangle
o

10 ft

A=(, f)(w, ft)
A = (10 ft)(5 ft)

A =50 ft2

Volume

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

V= ()(w)(d)

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




Volume of a Rectangular Tank, ft3

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

10’

V = (12 ft)(1oft)(10ft)

V = 1200 ft3 ,
10

12’

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

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

V, gal = (1200 {t3)(7.48)

V, gal = 8976 gal 10’

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

Volume of a Cylinder, gallons

V, ft3 =424 ft3

V, gal = (Volume, ft3)(7.48 gal/ft3) %

V, gal = (424 t3)(7.48)

V, gal = 3171.52 gal
15’

Note

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

sin. , Lt _ 666t

Diameter = 8 in

Conversions

 Need to know:
« 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

17



Conversions Conversions
: « Just looking at the * You have just laid ¥4 mile of sewer line. How
units, if you are given many feet is this?
- : e miles and you need
you . s feet, we are going Y4 = 0.25 miles
e - aw from left to right on
T e the page, therefore (0.25 miles)(5280 feet/mile) = 1320 feet
1 cubic foot of water = 7.48 galions. mu]tiply
T o, Multiply

Flow Conversions - Box Method Percent to Decimal
Percent = per one hundred
20% = 20/100 = 0.20
T8 5% = 5/100 = 0.05
‘mm 12.25% = 12.25/100 = 0.1225
0.5% = 0.5/100 = 0.005
as:« Move decimal 2 places to the left.
®fosc 0 — "lmin — 1a40 — ®lgny

18



Math Problem Strategies

Strategy for solving word problems:

1)

2)
3)

4)
5)

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

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

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

Work it out.

Does it make sense?

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

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

A
v

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

35ft

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

19



J N | I I

mega .. kilo hecto deka no deci centi milli .. micro
(M) (k) (h) (da) prefix (d) © (m) ()
1,000,000 1,000 100 10 1 Y10 Yoo Yoo 000000

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

Rectangular Tank

Volume=(L)(W)(d)

depth, d

width, wN\,

length, L

Cylindrical Tank

) Diameter. D:

/\ .
~_ Volume = (0.785) (D )?(d)

depth, d

Y

Portion of a Pipeline

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

<

length, L

20



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.

21



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

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

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

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

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

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

22



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?

23



20.

21.

22.

23.

24,

25.

26.

24

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

The flow through a pipe is 2.4 cfs. What is the flow in gpm?

A pump produces 22 gpm. How many cubic feet per hour is that?

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

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

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

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



ANSWERS:

©CoNoO~WNE

540 ft?
2,250 ft°
3.14 ft?
3.14 ft?
0.0218 ft?
1,000 ft3
9,050.8 gal
235,590 gal
359 gal

317 gal

288 gal
48,442 gal
0.02 MG
150,000 gal
60,000 gal or 0.06 MG
60

60

18.
19.
20.
21.
22.
23.
24,
25.
26.

24

1440

26.9 gps
1,077 gpm
176.5 ft*/hr
4,382 gpm
1.008 MGD
1,980 ft
18,348 Ibs

25
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Specific Gravity
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Density and Specific
Gravity

1 TDEC - Fleming Training Center

Density

weight per unit volume
solids and gases expressed in |b/ft3
liquids measured in Ib/gal or Ib/f+3

density of water varies slightly
with temperature and pressure

density of gases changes
significantly with changes in
temperature and pressure

TDEC - Fleming Training Center 2

Density of Water
P
62.4 8.34
[

1ft
1ft
1ft 1gal
The density of water is
62.4 Ibs/ft3
or
8.34 Ibs/gal

TDEC - Fleming Training Center

Specific Gravity

compares density of a substance
to a standard density

does not have units
for solids and liquids

compare to standard density of
water

62.4 Ib/ft3
8.34 Ib/gal

TDEC - Fleming Training Center 4
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Example #1 Example #2
The density of SAE 30 motor oil is 56 Ib/ft3. Find its A sample of liquid alum has a density of 11.2
specific gravity. Ib/gal. What is its specific gravity?
Specific gravity = density of alum
Specific gravity = density of motor oil density of water
density of water - 112 Ib/qal
Specific gravity = 56 Ib/ft3 8.34 Ib/gal
62.4 |b/ft3 -134
= 090
TDEC - Fleming Training Center 5 TDEC - Fleming Training Center 6
i . Specific Gravity of Chlorine
Specific Gravity of Gases Ggs .
Compare to standard density of air: S.6. of Cl, gas = density of Cl, gas
0.075 Ib/f13 density of air
= 0.187 Ib/ft3
0.075 Ib/f13
=249
TDEC - Fleming Training Center 7 TDEC - Fleming Training Center 8

Specific Gravity 29
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TDEC - Fleming Training Center

Place 100 mL
graduated cylinder
on a scale

< # 130.90 g

Tare the scale so it
reads zero with the
cylinder on it.

0.00 g ,‘: =

TDEC - Fleming Training Center

10

TDEC - Fleming Training Center

Weigh 100 mL of
your sample or
chemical.

i,

Specific Gravity =_Wt of 100 mL of solution, g
100 g

Specific Gravity = 99.09 g
100 g

Specific Gravity = 0.99

TDEC - Fleming Training Center 12
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APPLIED MATH FOR WATER
DENSITY & SPECIFIC GRAVITY

Density: Weight per unit volume.

2 ways to express density:

Specific gravity: Density of any substance compared to a “standard density.”

Standard density of water: Ib/gal

lb/ft>

1. Find the specific gravity for rock granite if the density is 162 Ibs/ft>.

2. Find the specific gravity for SAE 30 motor oil if the density is 56 Ibs/ft®.

3. Find the specific gravity of dry alum if the density is 65 Ibs/ft>.

4. Find the specific gravity for liquid alum that weighs 11.07 Ibs/gal.

5. Find the specific gravity for fluorosilicic acid that weighs 10.5 Ibs/gal.

Specific Gravity 31
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10.

11.

12.

32

Find the specific gravity for ferric sulfate that weighs 12.34 Ibs/gal.

Find the density (Ibs/ft®) of a certain oil that has a S.G. of 0.92.

Find the density (Ibs/gal) of ferric chloride that has a S.G. of 1.140.

Find the density (lbs/gal) of caustic soda that has a S.G. of 1.530.

Find the density (Ibs/ft®) of potassium permanganate that has a S.G. of 1.522.

A tank holds 1,240 gallons of a certain liquid. The specific gravity is 0.93. How
many pounds of liquid are in the tank?

Pump rate desired: 25 gpm
Liquid weight: 74.9 Ibs/ft®
How many pounds of liquid can be pumped per day?

Specific Gravity
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13. A certain pump delivers 23 gallons per minute.
A. How many Ibs of water does the pump deliver in 1 minute?
B. How many Ibs/min will the pump deliver if the liquid weighs 71.9 Ibs/ft>?
14. A certain pump delivers 14 gallons per minute.
A. How many lbs of water does the pump deliver in 24 hours?
B. How many lIbs/day will the pump deliver if the liquid weighs 8.1 |bs/gal?
15. Compare the density of chlorine gas with the density of air. Chlorine gas weighs
0.187 Ibs/ft>. (standard density of air = 0.075 Ib/ft°)
ANSWERS:
1. 26 10. 95 Ibs/ft®
2. 0.9 11.  9,617.7 Ibs
3. 1.04 12. 360,481 Ibs/day
4. 1.33 13. a. 191.8 Ibs/min
5. 1.26 b. 221.1 Ibs/min
6. 1.48 14. a. 168,134.4 Ibs/day
7. 57.4 Ibs/ft® b. 163,296 Ibs/day
8. 9.5 Ibs/gal 15. 2.49
9. 12.76 Ibs/gal

Specific Gravity 33
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Velocity and Flow

W TDEC - Fleming Training Center

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

Velocity

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

TDEC - Fleming Training Center 2

Velocity: Practice

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

/
\&i Velocity = distance

time

Velocity = 4000 ft = 666.67 ft/sec
6 sec

TDEC - Fleming Training Center

Flow

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

Basically, flow is a volume over time.

TDEC - Fleming Training Center 4
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Section 4

Flow through a channel

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

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

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

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

TDEC - Fleming Training Center 5

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

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

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

Q, ft3 /sec = 9.42 ft3/sec

TDEC - Fleming Training Center 3

Notes

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

P w NP

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

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

TDEC - Fleming Training Center

Flow and Velocity 37
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Velocity and Flow

1. A bobber is placed in a channel and travels 450 feet in 2 %2 minutes. What is the
velocity of the water flowing in the channel in ft/min?

2. A channel 30 inches wide has water flowing to a depth of 2 feet. If the velocity
of the water is 2.75 ft/sec, what is the flow in the channel in ft*/sec? And gal/min?

3. The flow through a 24 inch pipe is moving at a velocity of 5.4 ft/sec. What is the
flow rate in gal/min?

38 Flow and Velocity
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Applied Math for Water Treatment
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.

polf gog'TEe’e (9 wds go0rz (g

i/ 32 (O Ui/ Wi aes (8 pdEpoz'esz’e (T WdE pirz7 (T

Flow and Velocity 39
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Applied Math for Water Treatment
Flow and Velocity

Velocity

1.

40

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?

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

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

LIS 0TE (8 S ELTAN AR LI 58T (T

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

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

Flow in a channel

4.

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

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?

HETI QDI L6 U/ 3006 {5 985/ 89T (F

Flow and Velocity 41



Section 4 TDEC - Fleming Training Center

Diameter, ft Velocity, ft/time

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

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

Flow through a full pipe
7. 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?

8. 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?

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

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

wdg pzes (0T uraie a@s/EHE5'0 (8 Jas/e1 5007 (8
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APPLIED MATH FOR WATER
FLOW RATE

Q = AV

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?

Flow and Velocity 43
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44

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

A 36” water main has just been installed. If the main is flushed at 2.5 ft/second,
how many gallons/minute of water should be flushed from the hydrant?

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

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?

Flow and Velocity
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9. A water crew is flushing hydrants on a 12-inch diameter main. The pitot gage
reads 560 gpm being flushed from the hydrant. What is the flushing velocity (in
feet/min) through the pipe?

VELOCITY (OPEN CHANNEL)

10. 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.)

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

12. 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?
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AQUIFER FLOW
13.  Geologic studies show that the water in an aquifer moves 25 feet in 60 days.

What is the average velocity of the water in ft/day?

14. If the water in a water table aquifer moves 2 feet per day, how far will the water
travel in 13 days?

15.  If the water in a water table aquifer moves 2.25 feet per day, how long will it
take the water to move 61 feet?

FLOW
16.  The average velocity in a full-flowing pipe is measured and known to be 2.9 fps.

The pipe is a 24” main. Assuming that the pipe flows 18 hours per day and that
the month in question contains 31 days, what is the total flow for the pipe in MG
for that one month?
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17.

18.

19.

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

5 cfs ]

™
N’

9 cfs 0

-
? cfs l

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

—

\\

—

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

B

620 gpm
[ 4-in dia
PEE——
A _0
910 gpm
6-in dia ]
C

gpm
3-in dia
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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

9.5 MGD

95.4 ft/min
120 ft/min

1.5 ft/sec
1,533.3 ft3/min

13.
14.
15.
16.
17.
18.
19.

Flow and Velocity
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0.42 ft/day

26 ft

27.1 days

136.8 MG

4 ft3/sec

258 gpm

A. 10.33 ft/sec
B. 15.84 ft/sec
C. 13.17 ft/sec
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TDEC - Fleming Training Center
TDEC - Fleming Training Center 1
Two types of overflow rates:
=
Surface Overflow Rate
SOR
Weir Overflow Rate
WOR
SEDIMENTATION MATH
AND DETENTION TIME
Applied Math for Water Treatment
Fleming Training Center
TDEC - Fleming Training Center TDEC - Fleming Training Center
Surface Overflow Rate Weir Overflow Rate
== =
measured in gpd/ft? measured in gpd /ft
flow, gpd flow, gpd
SOR= — -+ WOR= —(—— —
area, ft length of weir, ft

= (length, ft)(width, ft)
= (0.785)(Diameter, ft)?

Areaq, rectangle

Areaq, circle

Length of Weir
Rectangular = 2(length, ft) + 2(width, ft)
Circular = (3.14)(Diameter, ft)
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Surface Overflow Rate

A circular clarifier has a diameter of 60 feet. What is
the surface overflow rate if the flow to the clarifier is
2.5MGD?

SOR = flow, gpd
areq, ft2

= 2,500,000 gpd
(0.785)(60 f1)(60 ft)

= 884.6 gpd/ft?

TDEC - Fleming Training Center

SOR

A sedimentation tank is 100 feet long and 50 feet
wide and receives a flow of 3.76 MGD. What is the
SOR in gpd/ft?2

SOR = 3,760,000 gpd 50’
(100 f1)(50 ft)
= 752 gpd/ft2

TDEC - Fleming Training Center

Weir Overflow Rate

A clarifier has a diameter of 115 feet and a flow of
5.76 MGD. What is the WOR?

WOR = flow, gpd
length of weir, ft

5,760,000gpd
(3.14)(115 1)

15,951.3 gpd/ft

TDEC - Fleming Training Center

WOR

The weir in a basin measures 50 feet by 100 feet.
What is the WOR if the daily flow is 1 MG?2

WOR = 1,000,000 gpd
2(50ft)+2(100ft)

1,000,000 gpd
300 ft

3333 gpd/ft
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TDEC - Fleming Training Center TDEC - Fleming Training Center
Detention Time Detention Time
| | o
DT, sec = (volume, gal)(1440 min/day)(é0sec/min) A clarifier is 75 feet long, 25 feet wide and 15 feet
flow, gpd deep. If the daily flow is 2.3 MGD, what is the

detention time in hours for the basin?

DT, min = (Volume ;qn“ 440 min {dCI' ) DT, min = !75'&“25'”" 1 5'“‘"7.48'“3[ gcll(]440ming ClCI![

flow, gpd 2,300,000 gpd 25

=131.713 min

DT, hr = (volume, gal)(24 hr/day) 60 min/hour

flow, gpd
o = 2.2 hours
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Sedimentation

1. The flow to a sedimentation tank is 200,000 gpd. If the tank is 50 feet long and
30 feet wide, what is the surface overflow rate in gpd/ft*?

2. A tank has a length of 75 ft and 25 ft wide. What is the weir length around the
basin in feet?

3. A clarifier has a diameter of 90 feet. What is the length of the weir around the
clarifier in feet?

4. The diameter of weir in a circular clarifier is 105 feet. What is the weir overflow
rate in gpd/ft if the flow over the weir is 1.83 MGD?

5. A clarifier is 45 feet long, 30 feet long and 10 feet deep. If the daily flow is 3.5
MGD, what is the detention time (in minutes) in the basin?
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Applied Math for Water

Sedimentation and Detention Time

Surface Overflow Rates (SOR)

1. Atank has a length of 100 feet, a width of 25 feet and a depth of 15 feet. What is the
surface area in ft??

2. A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the surface area of the
clarifier in ft??

3. The flow to a sedimentation tank is 3.05 MGD. If the tank is 80 feet long and 20 feet wide,
what is the surface overflow rate in gallons per day per square foot?

4. The flow to a sedimentation tank is 50,000 gpd. If the tank is 55 feet long and 15 feet wide,
what is the surface overflow rate (gpd/ft)?
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5. A sedimentation tank is 90 feet long and 40 feet wide and receives a flow of 5.04 MGD.
Calculate the SOR in gpd/ft>.

6. A circular clarifier has a diameter of 80 feet. If the flow to the clarifier is 3.8 MGD, what is
the surface overflow rate (gpd/ft?)?

7. A clarifier has a flow rate of 4,600 gpm and a diameter of 75 feet. What is the surface
overflow rate in gpd/ft*?

8. A clarifier with a diameter of 55 feet receives a flow of 2.075 MGD. What is the surface
overflow rate (gpd/ft?)?

9. What is the gpd/ft® overflow to a circular clarifier that has the following:
Diameter: 70 feet
Flow: 1,950 gpm
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10. A rectangular clarifier receives a flow of 5.4 MGD. The length of the clarifier is 99 feet 7
inches and the width is 78 feet 6 inches. What is the SOR in gpd/ft>?

Weir Overflow Rates (WOR)

11. Atank has a length of 100 feet, a width of 25 feet, and a depth of 15 feet. What is the weir
length around the basin in feet?

12. A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the length of the weir
around the clarifier in ft?

13. A sedimentation tank has a total of 150 feet of weir over which the water flows. What is the
weir overflow rate in gallons per day per foot of weir when the flow is 1.7 MGD?

14. The diameter of the weir in a circular clarifier is 85 feet. What is the weir overflow rate
(gpd/tt) if the flow over the weir is 2.24 MGD?
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15. A sedimentation tank has a total of 200 feet of weir which the water flows over. What is the
weir overflow rate (gpd/ft) when the flow is 2.2 MGD?

16. The diameter of the weir in a circular clarifier is 125 feet. The flow is 6.33 MGD. What is
the weir overflow rate (gpd/ft)?

17. A tank has a diameter of 49.4 feet. What is the gallons/day per foot of weir overflow when
the tank receives 1,953,000 gpd?

18. The flow rate to a particular clarifier is 528 gpm and the tank has a length of 30 feet and a
width of 17.5 feet. What is the gpd/ft of weir?

19. The weir in a basin measures 30 feet by 15 feet. What is the weir overflow rate (gpd/ft)
when the flow is 1,098,000 gpd?
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20. What is the weir overflow rate of a clarifier that is 50 feet 4 inches by 44 feet 3 inches and
has an influent flow of 1.87 MGD?

Detention Time

21. Atank has a length of 100 feet, a width of 25 feet and a depth of 15 feet. What is the
volume in gallons?

22. A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the volume of the
clarifier in gallons?

23. A circular clarifier handles a flow of 0.9 MGD. The clarifier is 50 feet in diameter and 8
feet deep. What is the detention time in hours?

24. A clarifier is 70 feet long, 25 feet wide and 10 feet deep. If the daily flow is 2,780,000 gpd,
what is the detention time (in hours) in the basin?

25. What is the detention time in hours of a circular clarifier that receives a flow of 3,300 gpm
and the clarifier is 65 feet in diameter and 12 feet deep?
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26. A sedimentation tank is 60 feet long, 12 feet wide and has water to a depth of 12 feet. If the
flow to the tank is 21,600 gph, what is the detention time in hours?

27. A circular clarifier receives a flow of 920 gpm. If it has a diameter of 55 feet and a water
depth of 7 feet, what is the detention time in hours?

28. A clear well is 70 feet long, 20 feet wide and has a water to a depth of 8 feet. If the daily
flow is 698 gpm, what is the detention time in minutes?

Answers:

1. 2,500 ft? 15. 11,000 gpd/ft

2. 5,278.34 ft? 16. 16,127.39 gpd/ft
3. 1,906.25 gpd/ft® 17. 12,590.58 gpd/ft
4. 60.61 gpd/ft® 18. 8003.37 gpd/ft
5. 1,400 gpd/ft? 19. 12,200 gpd/ft

6. 756.37 gpd/ft’ 20. 9,885.47 gpd/ft
7. 1,500.13 gpd/ft® 21. 280,500 gal

8. 873.82 gpd/ft? 22. 473,783.80 gal
9. 730.01 gpd/ft? 23. 3.13hr

10. 690.78 gpd/ft® 24. 1.13 hr

11. 250 ft 25. 1.5hr

12. 257.48 ft 26. 2.99 hrs

13. 11,333.33 gpd/ft 27. 2.25hrs

14. 8,392.66 gpd/ft 28. 120 min
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Applied Math for Water
Sedimentation Practice Quiz

1. The flow to a sedimentation tank is 3.85 MGD. If the tank is 70 feet long and
35 feet wide, what is the surface overflow rate (gpd/ft®)?

2. The diameter of the weir in a circular clarifier is 110 feet. The flow is 5.75
MGD. What is the weir overflow rate (gpd/ft)?

3. Arrectangular clarifier handles a flow of 3.28 MGD. The clarifier is 60 feet
long, 40 feet wide and 25 feet deep. What is the detention time in minutes?
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4. A circular clarifier receives a flow of 3,472.2 gpm. What is the detention time
in the clarifier (in hours)? The clarifier has a diameter of 62.5 feet and a depth
of 21 feet.

Answers:
1. 1571.43 gpd/ft?
2. 16,647.37 gpd/ft
3. 197.03 min
4, 2.31 hours
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Horsepower and Efficiency

Applied Math for
Pumps and Motors

TDEC - Fleming Training Center

Understanding Power
O

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

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

This is work performed per time (work/time)
One Horsepower: 1 HP = 33,000 ft-lb/min

In electric terms: 1 HP = 746 Watts

3 TDEC - Fleming Training Center
Motor Brake Water
Horsepower Horsepower Horsepower
(MHER) (BHP) (WHP)

Pump
: Discharge
Electric Motor Coupling

Guard Bearing Housing

i@’ Impeller
Shaft i

Coupling Bearings Casing

64
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Understanding Work & Horsepower
. |

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

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

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

2 TDEC - Fleming Training Center

Types of Horsepower
. |

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

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

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

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

4 TDEC - Fleming Training Center

Computing Water Horsepower

It is the amount of horsepower required to lift
the water

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

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

6 TDEC - Fleming Training Center
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Computing Water Horsepower
C |

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

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

= 18.94

7 TDEC - Fleming Training Center

Brake Horsepower
G

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

BHP = water HP
(% pump efficiency)

Motor Horsepower

MHP = (flow, gpm) (head, ft)
(3960)(% pump eff.)(% motor eff.)

MHP = brake HP
(% motor efficiency)

8 TDEC - Fleming Training Center
Pumps
WHP
e [ ] e we
% motor eff % pump eff

Right to Left means you divide

9 TDEC - Fleming Training Center
Pumps - BHP
WHP
M. Motor BHP @
% motor eff x % pump
eff
11 TDEC - Fleming Training Center

10 TDEC - Fleming Training Center
Pumps - MHP
WHP
M. Motor
\% motor eff/ % pump eff
12 TDEC - Fleming Training Center
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Section 6
Pumps
WHP
MHP Motor BHP _wiAe
% motor eff % pump eff
Left to Right means you multiply
13 TDEC - Fleming Training Center

Pumps - BHP

WHP
MHP | | | BHP _WHP |

x % motor eff/: % pump eff

14 TDEC - Fleming Training Center

Motor and Pump Efficiency
O

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

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

Power for the motor and pump is used to overcome
friction

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

15 TDEC - Fleming Training Center

Typical Efficiency
¢ |

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

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

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

16 TDEC - Fleming Training Center

Typical Efficiency
C |

Example:
Motor Efficiency = 82% Wire to Water Efficiency

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

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

17 TDEC - Fleming Training Center

Overall Efficiency
e —

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

% Efficiency, overall = WHP.
MHP

% Over All Efficiency = 18.5 WHP 53%
35 MHP

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

18 TDEC - Fleming Training Center
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Determining Pumping Costs

What was your
electric bill last
month?

TDEC - Fleming Training Center

Determining Pumping Costs
R

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

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

20 TDEC - Fleming Training Center

Determining Pumping Costs
O

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

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

21 TDEC - Fleming Training Center

A Few Electrical Terms...
¢ ]

Power (Watts) - amount of work done

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

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

Watts = (volts)(amps)

22 TDEC - Fleming Training Center

Motor Ratings, Volts, Amps,
Single and Multiple Phases
G

Power in reference to motors is in watts

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

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

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

23 TDEC - Fleming Training Center

Wattage Power Factor of Motors
C |

There are two type of motors that we usually use.
They are:

- Single-Phase Motors

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

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

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

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

24 TDEC - Fleming Training Center
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Power Factor of Motors
. |

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

Power Factor =  watts
(volts)(amps)

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

25 TDEC - Fleming Training Center

Amperes Single and Three Phase

. |
amps, single Phase =  (746)(horsepower)

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

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

26 TDEC - Fleming Training Center

Pumping Rates
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Pumping Rates

During a 60-minute pumping test, 11,250 gallons were
pumped into a tank that is 15 feet in diameter and 20
feet deep. What is the gal/min pumping rate?

gal/min = Volume, gal

Time, min There are four
=11,250 gal formulas for these
60 min types of problems
=187.5 gal/min on pg. 6
28 TDEC - Fleming Training Center

Time to Fill
¢ ]

During a pumping test, 15,000 gallons are pumped into
a tank. If the pump is rated at 250 gal/min, how many
minutes would it take to fill the tank?

Time to fill, min = Tank Volume, gal
Flow Rate, gal/min

= 15,000 gal
250 gal/min

=60 min

29 TDEC - Fleming Training Center
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Pumps

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

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

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

4. The water horsepower was calculated to be 20 hp. If the motor supplies the
pump with 23 hp, what must be the efficiency of the pump?

Pumps 69



Section 6 TDEC - Fleming Training Center

5. What is the overall efficiency if 40 hp is supplied to the motor and 26 hp of
work is accomplished?

6. Given that 30 kilowatts (kW) power is supplied to a motor and the brake
horsepower is 31 hp, what is the efficiency of the motor?

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

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

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

11. How many watts of power does a three-phase motor use if it pulls 30 amps at
440 volts and has a power factor of 0.93?
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72

APPLIED MATH FOR WATER TREATMENT
PUMP HORSEPOWER/EFFICIENCY/COST/MOTORS

HORSEPOWER

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

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?

Pumps
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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.

74

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?

Pumps 7



Section 6 TDEC - Fleming Training Center

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

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

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

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

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

5.6 hp

17.3 hp

9.9 hp

7.5 hp

25 hp

ogokwhpE

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

ANSWERS

Pumps

Section 6

PUMPING COST

17.
18.
19.
20.
21.
22.

$2.33/hr
$1.12/hr
$6.53
$38.48
$5.65
$104.72

MOTORS
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

21.2 hp

7.1 hp

9.4 hp

1,320 watts
2,112 watts
396 watts
12,955.4 watts
27,434.9 watts
13 kW

0.8

0.9
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APPLIED MATH FOR WATER TREATMENT
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?

e
e

N
]

6 ft

{ N
231t
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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?
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7. A wet well is 15 feet long and 12 feet wide. The influent valve to the wet well is
closed. If a pump lowers the water level 1.25 feet during a 5-minute pumping test,
what is the gpm pumping rate?

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

9. A pump is rated at 300 gpm. A pump test is conducted for 3 minutes. What is the
actual gpm pumping rate if the wet well is 10 feet long and 8 feet wide and the
water level drops 1.33 feet during the pump test?
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10. During a pumping test, 12,600 gallons are pumped into a tank. If the pump is
rated at 210 gpm, how many minutes did it take to fill the tank?

11. If a tank 12 feet long, 12 feet wide, 12 feet deep, and holding water to a depth of
8 feet can be emptied at a pumping rate of 575 gpm, how many minutes will it take
to remove all the water?

ANSWERS

1. 157.6 gpm 7. 336.6 gpm
2. 122.7 gpm 8. 94.3 gpm
3. 452.6 gpm o 2653

4. 111 gpm . 3 gpm
5. 356.2 gpm 10. 60 minutes
6. 188.7 gpm 11. 15 minutes
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Applied Math for Water Treatment
Pump Math
Extra Problems

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

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

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

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

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

7. 1f 20 hp is supplied to a motor (Mhp), what is the Bhp and Whp if the
motor is 85% efficient and the pump is 80% efficient?

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

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

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

5 7% 5. 40 Mhp 9. 33.57 kW
6. 86% 6. 15Whp 10.$493.48
7. 22.25 Bhp 7. 17 Bhp, 13.6 Whp

8. 31 Whp 8. 41.2 Bhp
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TDEC - Fleming Training Center TDEC - Fleming Training Center
CHLORINE
Chlorine and chlorine compounds are the
most commonly used disinfectants for
water systems in the U.S.
Chlorine, Cl,
100%
| @ DISINFECTION MATH Calcium hypochlorite (HTH), Ca(OCl),
1 Chlorination: 65%
| Demand and Dosage Sodium hypochlorite (liquid bleach), NaOCl
Dilutions 5-15% )
Substitutions %

TDEC - Fleming Training Center

PURPOSE OF CHLORINATION

Chlorination does not destroy all
organisms in the water

Chlorine only destroys pathogenic, or
disease-causing organisms.

TDEC - Fleming Training Center

ForRMULA BOOKLET

Disinfection
formulas are on
pages 12-13
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CHLORINE DEMAND

If the chlorine dosage is 4.5 mg/L and
the residual is 1.2 mg/L, what is the
demand?

Cl, demand = Cl, dose, mg/Li - Cl, residual, mg/L

4.5 mg/l. - 1.2 mg/L

3.3 mg/LL

TDEC - Fleming Training Center

CHLORINE DOSAGE

A water plant treats 12 MGD and wants
to treat the water with 4.2 mg/L CL,.

How many pounds per day will the plant
use?

Cl,, Ib/day = (dosage, mg/L)(flow,MGD)(8.34 lb/gal)
= (4.2 mg/L)(12 MGD)(8.34 1b/gal)

= 420.3 Ib/day

TDEC - Fleming Training Center

CHLORINE DOSAGE

A water plant treats 3.5 MGD and wants to
treat the water with 3.2 mg/L of 65%
calcium hypochlorite. How many pounds
per day will the plant use?

Ib/day = (dosage, mg/L)(flow, MGD)(8.34 1b/gal)
(% chemical purity, expressed as decimal)

(3.2 mg/L)(3.5 MGD)(8.34 1b/gal)
0.65 ’
143.7 Ib/day

TDEC - Fleming Training Center

CHLORINE DOSAGE

A water plant treats 300,000 gallons of
water a day and wants to treat the water
with 3.8 mg/L of 15% sodium hypochlorite.

How many pounds per day will the plant
use?

Ib/day = (dosage, mg/L)(flow,MGD)(8.34 lb/gal)
(% chemical purity, expressed as decimal)

(3.8 mg/1.)(0.3 MGD)(8.34 1b/gal)
0.15
63.4 lbs/day 8

Disinfection
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CHLORINE DOSAGE

Determine the dosage in mg/L for a plant
treating 15 MGD using 440 1bs of Cl, gas

TDEC - Fleming Training Center

CHLORINE DOSAGE

Determine the dosage in mg/L for a plant
treating 650,000 gpd with 21 gallons 15%
hypochlorite

mg/LL=(Ibs/day)(% available chlorine, as decimal mg/L = (gallons hypochlorite/day)(% conc. as decimal
(MGD)(8.34 Ibs/gal) MGD
= (440 1bs/day)(1)
15 MGD)(8.34 Ibs/eal = (21 gallons)(0.15)
(15 MGD)(8.34 Ibagal) 0.65 MGD
= 3.52 mg/L 9 = 4.85mg/L )
HYPOCHLORINATION DILUTIONS

How many pounds of 65% HTH are
required to make 10 gallons of 1% solution?

lIbs HTH = (% desired conc.)(desired gal)(8.34 1b/gal)
% available HTH

= (0.01)(10 gal)(8.34 lb/gal)
0.65

1.28 1b HTH un

How many gallons of 15% bleach will be
required to make 60 gallons of 5% bleach?

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

= (0.05)(60 gal)
0.15

20 gal 12
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SUBSTITUTIONS

A water plant has just switched from
sodium hypochlorite to chlorine gas. If they
used an average of 43 gal/day of 15%
sodium hypochlorite, how many pounds per
day will they use of CL,?

Ibs Cl, = (% bleach, as dec.)(gal bleach)(8.34 1bs/gal)

(0.15)(43 gal)(8.34 lbs/gal)

13

53.8 Ibs Cl,

TDEC - Fleming Training Center

SUBSTITUTIONS

A water plant has run out of calcium
hypochlorite for disinfecting a storage tank.
If they needed 75 1Ibs HTH, how many
gallons of 15% NaOCI will they need?

gal bleach = (%HTH, as decimal)(lbs. HTH)
(% available bleach)(8.34 lbs/gal)

= (0.65)(75 lbs)
(0.15)(8.34 Ibs/gal)

= 39 gallons NaOCl W

TDEC - Fleming Training Center

STORAGE TANK DISINFECTION

A 500,000 gallon storage tank is disinfected
with 50 mg/L using 65% HTH. How many
pounds of HTH are required?

Ibs HTH = (dosage.mg/I.)(MG)(8.34 lbs/gal)
% HTH

(50 mg/1.)(0.56MG)(8.34)

TDEC - Fleming Training Center

WATER MAIN DISINFECTION

How many pounds of 65% available HTH will be
needed to disinfect a section of pipe 250 feet long
and 12 inches in diameter with a dose of 50
mg/L?

volume = (0.785)(diameter)%(third dimension)
= (0.785)(1 ft)(1 ft)(250 ft)(7.48 gal/ft3)
= 1466 gal

Ibs = (dosage, mg/L)(volume, MG)(8.34 lbs/gal)
% available, as decimal

0.65
= (50mg/L)(0.001466MG)(8.341bs/gal)
= 320.81b & 065 *
= -6 108 = 0.94 Ibs HTH
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Disinfection

1. A treatment plant wants to have 1.4 mg/L residual chlorine in the distribution
system. Due to a main break the demand has climbed to 0.8 mg/L. What is the
required dose?

2. A city has a combined residual of 0.5 mg/L and a free residual of 1.8 mg/L.
What is the total residual in mg/L?

3. A water plant treats 4.3 MGD. If the chlorine dose needs to be 4.5 mg/L, what is
the chlorine feed requirement in Ib/day?

4. Determine the chlorine dose in mg/L if 17 Ibs of chlorine are fed while treating
1.3 MGD of water.

5. How many pounds of 65% available HTH is needed to make 4 gallons of a 7%
solution?
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6. How many gallons of bleach (12.5% available chlorine) will it take to make a 5 %
solution when added to enough water to make 50 gallons of hypochlorite?

7. A water plant has just switched from sodium hypochlorite to chlorine gas. If
they used an average of 32 gal/day of 15% sodium hypochlorite, how many
pounds per day will they use of Cl,?

8. A chlorine cylinder weighs 150 pounds. Twenty four hours later the same
cylinder weighs 103 pounds. What is the chlorinator feed rate in Ib/day?

a. Estimate the chlorine dose in mg/L for the chlorinator. The flow totalizer reads
13, 597,405 gallons and 15, 078,687 gallons 24 hrs later.

b. If the setting on chlorinator does not change, how many pounds of chlorine
will be left in the cylinder 2 days later?

c. How many 150Ib cylinders will this plant need in a month (with 30 days)?

Disinfection 93



Section 7 TDEC - Fleming Training Center

APPLIED MATH FOR WATER
DISINFECTION MATH

DOSE & DEMAND
1. A water system has a chlorine demand of 4.1 mg/L and wants to have a 1.1
mg/L residual. What would be the dose?

2. A city wants to have 1.4 mg/L chlorine in the distribution system. Due to a main
break the demand has climbed to 1.0 mg/L. What is the residual?

3. A system just had a main break. The chlorine level of 3.3 mg/L has dropped to
0.3 mg/L. What is the chlorine demand?

4. A city doses the water to have a residual of 1.9 mg/L. The demand has risen
because of a main break to 1.8 mg/L. What is the free residual?

5. A city has a combined residual of 0.2 mg/L and a free residual of 1.7 mg/L.
What is the total residual in mg/L?
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6. The total residual in a clearwell is 2.7 mg/L. If the free residual is 2.5 mg/L,
what is the combined residual?

7. The total residual in the clearwell is 2.5 mg/L. If the free residual is 2.2 mg/L,
what is the combined residual?

DOSAGE
8. A water plant treats 7.5 MGD. If the chlorine dose needs to be 3 mg/L, what is
the chlorine requirement in pounds per day?

9. If the water plant treats 1.8 MGD and wants to dose the water with 2.8 mg/L of
chlorine, what would be the Ibs/day feed rate?

10. How many pounds per day of chlorine are required to treat 14 million gallons of
water with 3.3 mg/L of chlorine gas?
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11.

12.

13.

14.

15.

96

Determine the chlorine dose in mg/L if 13 pounds of chlorine are fed while
treating 968,000 gallons of water.

Determine the chlorine dose in mg/L if 28 Ibs/day is fed for a flow of 1,750,000
gpd.

A water plant has a flow of 2,570 gpm. If the chlorinator is feeding 93 pounds
per day, what is the dose in mg/L?

What should the setting be on a chlorinator in Ibs/24 hours if a pump usually
delivers 600 gpm and the desired chlorine dosage is 4 mg/L?

The chlorinator is set to feed 31.5 Ibs of chlorine per 24 hours for a plant flow of
1.6 MGD. Calculate the chlorine residual for a chlorine demand of 1.85 mg/L.
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USE THE FOLLOWING INFORMATION FOR PROBLEMS 16 — 19:
At 8:00 a.m. on Monday morning a chlorine cylinder weighs 83 pounds. At 8:00
a.m. on Tuesday morning the same cylinder weighs 69 pounds.

16. What is the chlorinator feed rate in pounds per day?

17.  Estimate the chlorine dose in mg/L for the chlorinator. The flow totalizer reads
12,982,083 gallons at 8:00AM on Monday morning and 13,528,924 at 8:00AM on
Tuesday morning. (Note: This totalizer does not zero out each morning.)

18. If the setting on the chlorinator does not change, how many pounds of chlorine
will be left in the cylinder on Friday morning at 8:00 a.m.?

19. How many 150-Ib chlorine cylinders will this water plant need in a month (with
30 days) if the chlorinator setting remains the same?

USE THE FOLLOWING INFORMATION FOR PROBLEMS 20 — 22:
At 8:00 a.m. on Friday morning a chlorine cylinder weighs 298 pounds. That
afternoon at 4:00 p.m. the same cylinder weighs 216 pounds.

20.  What is the chlorinator feed rate in pounds per day?
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21. How many pounds of chlorine will be in the cylinder at 8:00 a.m. on Saturday
morning if the feed rate does not change?

22.  What is the minimum number of ton cylinders the operator will need in a month
with 31 days (at this feed rate)?

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

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

25.  How many pounds of 65% HTH are used to make 1 gallon of 3% solution?
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26.

27.

28.

29.

30.

How many gallons of bleach (15% available chlorine) will it take to make a 4%
solution when added to enough water to make 50 gallons of hypochlorite?

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

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

Water from a well is being treated by a hypochlorinator. If the hypochlorinator
is set at a pumping rate of 25 gallons per day and uses a 2% available chlorine
solution, what is the chlorine dose in mg/L if the pump delivers 140 gpm?

A water plant has just switched from sodium hypochlorite to chlorine gas. If
they used an average of 26 gal/day of 15% sodium hypochlorite, how many
pounds per day will they use of Cl,?
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31. A water plant has run out of calcium hypochlorite for disinfecting a storage tank.
If they needed 55 pounds of HTH, how many gallons of 15% sodium
hypochlorite will they need?

USE THE FOLLOWING INFORMATION TO ANSWER #32 — 34:
A section of pipe 250 feet long and 10 inches in diameter is filled with water.
You need to disinfect it with a chlorine dose of 50 mg/L.

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

33. How many pounds of 65% available HTH will be required?

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

35.  You need to disinfect a water storage tank that has just been repaired. You
have decided to use AWWA Chlorination Method 3 to disinfect the tank. This
method requires you to make up a 50 mg/L available chlorine solution that will
fill approximately 5% of the tank volume. The tank holds 3 MG. How many
gallons of water and Ibs of HTH 65% available chlorine will have to be added to
meet the above mentioned requirements?
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36. How many gallons of water and Ibs of HTH 65% available chlorine will have to
be added to disinfect a tank that holds 100,000 gallons using the above

mentioned requirements?

Answers:

5.2 mg/L

0.4 mg/L

3.0 mg/L

0.1 mg/L

1.9 mg/L

0.2 mg/L

0.3 mg/L
187.65 Ibs/day
42.03 Ibs/day
10.  385.31 Ibs/day
11. 1.61 mg/L

12. 1.92 mg/L

13. 3.01 mg/L

14.  28.82 Ibs/24hr
15. 0.51 mg/L

16. 14 Ibs/day

17.  3.07 mg/L

18. 27 Ibs

19. 3 cylinders

20. 246 Ibs/day

©WoOoNOORWNE

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Disinfection

52 Ibs

4 cylinders

1.28 Ibs

11.55 Ibs

0.38 Ibs

13.3 gallons bleach
3.85 Ibs

3.05 gallons

2.48 mg/L

32.53 Ibs

28.58 gal

0.43 Ibs

0.65 Ibs

0.97 gallons

150,000 gallons, 96.23 Ibs
5000 gallons, 3.21 Ibs
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Section 8
u Fluoride Math
Objectives :
To calculate dosages and feed rates
for

?’}!\ % different forms of fluoride

fr oS b 1

TDEC - Fleming Training Center

Determining Feed Rate

Fluoride is not in pure form when
purchased

It is combined with other elements for
stability and ease of handling

To calculate the correct dosage, you must
know the following:

lon concentration
Percent purity

TDEC - Fleming Training Center

Fluoride Chemicals Purity

Sodium Fluoride
NaF

98% purity

Sodium Fluorosilicate = 98.5% purity
Na,SiFg
AKA Sodium Silicofluoride

Fluorosilicic Acid = 18-23% purity
H,SiFg
AKA Hydrofluosilicic Acid

" TOEC - Fleming Training Center

Fluoride Chemicals

lon Concentration Percent (AFI)

Sodium Fluoride = 45.2%

Sodium Fluorosilicate = 60.7%

Fluorosilicic Acid = 79.2%

TDEC - Fleming Training Center

Optimal Dosage

The optimal dosage for fluoride in drinking water
in Tennessee is 0.7 mg/L

To determine fluoride dosage, subtract the
naturally occurring fluoride concentration from
the desired concentration

TDEC - Fleming Training Center

Fluoride Dose

A water plant wants a fluoride concentration of
1.00 mg/L in the finished water. If the raw fluoride
content is 0.25 mg/L, how much fluoride needs to
be added?

Fluoride dose = Total fluoride, mg/L - raw fluoride, mg/L
1.00 mg/L - 0.25 mg/L
0.75 mg/L
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Calculating Feed Rate

A water plant treats 750,000 gpd and wants to
add 0.9 mg/L of fluoride to the water using
sodium fluoride. How many pounds per day will
be used?

Ibs/day = (dosage, mg/L)(flow, MGD)(8.34 Ibs/gal)
(AFI, as decimal)(purity, as decimal)

(0.9 mg/L)(0.75 MGD)(8.34 Ibs/gal)
(0.452)(.98)

= 12.7 Ibs/day ’

Section 8
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Calculating Feed Rate

A water plant treats 200,000 gpd and wants to
add 0.82 mg/L of fluoride to the water using
sodium fluorosilicate. How many pounds per
day will they use?

Ibs/day = (dosage, mg/L)(flow, MGD)(8.34 Ibs/gal)
(AFI, as decimal)(purity, as decimal)

(0.82 mg/L)(0.20 MGD)(8.34 Ibs/gal)
(0.607)(.985)

= 2.29 |bs/day °

TDEC - Fleming Training Center

Calculating Feed Rate

A water plant treats 12.0 MGD and wants to add
0.75 mg/L of fluoride using fluorosilicic acid to
the water. How many pounds per day will be
used?

Ibs/day = (dosage, mg/L)(flow, MGD)(8.34 Ibs/gal)
(AFI, as decimal)(purity, as decimal)

= (0.75mg/L)(12 MGD)(8.34 Ibs/gal)
(0.792)(.230)

412 Ibs/day °

TDEC - Fleming Training Center

Feed Rate for Saturator

A water plant produces 250 gpm. The plant uses
a saturator. Determine the feed rate in gallons
per day if the dosage is 1.0 mg/L?

gal/min = (capacity, gpm)(dosage, mg/L)
(18,000 mg/L)

= (250 gpm)(1.0 ma/L
18,000 mg/L
gal/day (0.014 gal/min)(1440 min/day)
20.16 gallons a day 10
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Dosages

A total of 25 Ibs of sodium fluorosilicate is used
to treat 1.75 MGD. What is the concentration of
fluoride in the water in mg/L?

mg/L = (fluoride fed, Ibs)(AFI, as dec)(purity, as dec)
(MGD)(8.34 Ibs/gal)

(25 1bs)(.607)(.985)
(1.75 MGD)(8.34 Ibs/gal)

1.02 mg/L

11
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Dosages

A total of 5 Ibs of sodium fluoride is used to treat
0.2 MGD. What is the concentration of fluoride
in the water in mg/L?

mg/L = (fluoride fed, Ibs)(AFI, as dec)(purity, as dec)
(MGD)(8.34 Ibs/gal)

(5 1bs)(.452)(.98)
(0.2 MGD)(8.34 Ibs/gal)

1.33 mg/L

12
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Dosages

A water plant uses 284 Ibs of fluorosilicic acid to
treat 6.2 MGD. What is the concentration of
fluoride in the water in mg/L?

mg/L = (fluoride fed, Ibs)(AFI, as dec)(purity, as dec)
(MGD)(8.34 Ibs/gal)

= (284 1bs)(.792)(.23)
(6.2 MGD)(8.34 Ibs/gal)

= 1.0 mg/L

13
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Saturator Dosages

A water plant uses 9 gallons of sodium fluoride
from a saturator to treat 200,000 gpd. There is
0.18 mg/L fluoride in the raw water. What is the
total concentration of fluoride in mg/L?

mg/L = (solution fed, gal)(18,000)
(9pd)
(9 gal)(18,000)
(200,000)
= 0.81 mg/L
0.81 mg/L + 0.18 mg/L = 0.99 mg/L

you can only use NaF in saturators because it has a constant saturation point **
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Fluoridation

1. A water plant produces 1,750 gpm and the town wants to have a 0.8 mg/L of
fluoride in the finished water. If fluorosilicic acid is used, what would be the
fluoride feed rate in Ib/day?

2. A water plant produces 275,000 gpd. What would be the fluoride feed rate
from a saturator in gpd to obtain 0.7 mg/L in the water?

3. Aplant uses 90 Ib of sodium fluorosilicate in treating 9.6 MGD. What is the
calculated dosage in mg/L?

4. The fluoride for a plant’s raw water source was measured to be 0.2 mg/L. If the
city wants the finished water to contain the recommended amount of 0.7 mg/L,
what mg/L of fluoride should the water plant dose?

Fluoridation 107



Section 8 TDEC - Fleming Training Center

Applied Math for Water
Fluoride

Feed Rates

l.a. A water plant produces 2,000 gpm, and the city wants to have 1.1 mg/L of
fluoride in the finished water. If sodium fluorosilicate were used, what
would the fluoride feed rate be in lbs/day?

1.b. Give that there are 453.6 grams in a pound, what would the fluoride feed
rate for the previous problem be in gram/min?

2. A water plant has a daily average production of 695 gpm, and the city wants
to have a 1.0 mg/L fluoride in the finished water. The natural fluoride level
Is less than 0.1 mg/L. Find the fluoride feed rate in Ibs/day using sodium
fluorosilicate.

3. If it is known that the plant rate is 4,000 gpm and the dosage needed is 0.8
mg/L, what is the fluoride feed rate in Ibs/min using fluorosilicic acid?
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4.

What is the fluoride feed rate in Ibs/day using fluorosilicic acid if the plant
rate is 1.0 MGD, the natural fluoride content is 0.2 mg/L, and the desired
fluoride content is 1.2 mg/L?

If a small water plant wishes to use sodium fluorosilicate in a dry feeder and
the water plant has a flow of 180 gpm, what would the fluoride feed rate be
in Ibs/min? Assume 0.1 mg/L natural fluoride and 1.0 mg/L is the desired
concentration in the finished water.

Sodium Fluoride Feed Rates for Saturator

6.

A water plant produces 1.0 MGD. What would the fluoride feed rate be
from a saturator in gpd to obtain 1.0 mg/L in the water?

A small water plant has a daily production rate of 180 gpm and the natural
fluoride level is 0.1 mg/L. If 1.0 mg/L fluoride is desired in the water, what
feed rate in mL/min of sodium fluoride from a saturator must be maintained?
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Calculated Dosages

8. A plant uses 65 Ibs of sodium fluorosilicate in treating 5,540,000 gallons of
water in one day. What is the calculated dosage in mg/L?

9. A plant uses 26 Ibs of sodium fluorosilicate to treat 1,756,000 gallons of
water. What is the calculated dosage for this plant in mg/L?

10. A water plant has an actual production rate of 0.8 MGD. If 10 Ibs of sodium
fluorosilicate was fed in one day, what is the calculated dosage in mg/L?

11. A plant uses 43 Ibs of fluorosilicic acid in treating 1,226,000 gallons of
water. What is the calculated dosage in mg/L?

12. A plant uses 898 Ibs of fluorosilicic acid in treatment of 17,058,000 gallons
of water. What is the calculated dosage in mg/L?
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13.

14.

15.

16.

17.

A water plant uses a total of 2,800 Ibs of fluorosilicic acid at 28% purity
during 4 days to fluoridate 52 million gallons of water. What would be the
calculated dosage in mg/L?

A water plant feeds sodium fluoride in a dry feeder. They use 5.5 Ibs of the
chemical to fluoridate 240,000 gallons of water. What is the calculated
dosage in mg/L?

A plant uses 10 gallons of sodium fluoride from a saturator in treating
200,000 gallons of water. What is the calculated dosage in mg/L?

A plant uses 19 gallons of solution from its saturator in treating 360,000
gallons of water. What is the calculated dosage in mg/L?

A small water plant uses sodium fluoride from a saturator at a rate of 1.0 gpd
and the plant treats 4500 gpd. What is the calculated dosage in mg/L?
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Answers:

la. 44.19 Ibs/day
1.b. 13.9 grams/min
2. 13.96 Ibs/day
3. 0.15 Ibs/min
4, 45.78 Ibs/day
5. 0.002 Ibs/min
6
7
8

55.56 gpd
34.07 mL/min
: 0.84 mg/L
9. 1.06 mg/L
10.  0.90 mg/L
11. 0.77 mg/L
12.  1.15mg/L
13.  1.43mg/L
14.  1.22 mg/L
15. 0.9 mg/L
16. 0.95mg/L

17. 4.0 mg/L

112
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Applied Math for Water

Fluoride Practice Quiz

1. A water plant has a daily average production of 1,736 gpm and the city wants to have a 1.0
mg/L fluoride level in the finished water. How many Ibs/day of sodium fluorosilicate would
be required to reach this dosage?

2.  What is the fluoride feed rate in lbs/day using fluorosilic acid if the plant rate is 1.0 MGD,
the natural fluoride level is 0.3 mg/L, and the desired fluoride level is 1.2 mg/L?

3. A small water plant wishes to use sodium fluoride in a dry feeder and the water plant has a
capacity (flow) of 220 gpm, what would the fluoride feed rate be in grams/min? Assume a
0.1 mg/L natural fluoride and 1.0 mg/L is desired in the drinking water.
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4. A plant uses 69 Ibs of sodium fluorosilicate in treating 4,950,000 gallons of water in one
day. What is the calculated dosage in mg/L?

5. A water plant produces 0.75 MGD. What would the fluoride feed rate from a sodium
fluoride saturator be, in gph, to obtain 1.0 mg/L in the water?

Answers:

34.9 Ibs/day
41.2 Ibs/day
1.7 grams/min
1.0 mg/L

1.7 gph

arONOE
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.....................

Langelier Index &
Aggressive Index

STABILIZATION MATH

Langelier Index
Langelier Index = pH — pH,
pH; = A+ B —log Ca Hardness — log Total Alk

Where A = Temperature
Where B =TDS

Values of log of Ca or Alkalinity

as CaCO;yin mg/L

L lier Ind - =

angelier Index > EE

20 1.30

30 148

40 1.60

50 1.70

60 1.78

70 184

80 1.90

20 1.95

100 200

200 2.30

300 248

400 260

500 270

600 278

700 284

800 2.90

900 295

1,000 3.00

TDEC - Fleming Training Center

Langelier Index

Calculate the Langelier Index using the
following lab results:

pH = 7.4
Temperature = 20°C
TDS = 200 mg/L

Total Alkalinity
Ca Hardness

120 mg/L as CaCO,
90 mg/L as caco,

Langelier Index
Values of “A" for various Values for “B" for various levels of
Temperatures, °C TDS, mg/L B
Temperature, °C A 0 9.63
0 2.34 50 9.72
5 227 100 975
10 22 q 200 8
15 212 400 986
800 994
;2 ? 1,600 10.04
30 191
40 1.76
50 1.62
60 1.47

Langelier Index

There isn't a 120 in the chart for Total
Alkalinity
Use your calculator
Take the log of 120
Equals 2.07918...
Round up to 2.08
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Langelier Index
Langelier Index = pH — pH,

pH; = A+ B —log Ca Hardness — log Total Alk
=2.04+9.80-1.95-2.08
=7.81
Langelier Index =7.4-7.81
=-041

Aggressive Index

Calculate the Aggressive Index using
the following lab results:

pH = 78
Total Alkalinity = 100 mg/L as CaCOg
CaHardness = 200 mg/L as CaCO,

Al = pH + log Ca Hard + log Total Alk

Aggressive Index

Al = pH + log Ca Hard + log Total Alk
=7.8+2.00+2.30
=12.10

Stabilization

Section 9

Langelier Index

Now determine how aggressive your

water is

Corrosivity Characteristics as Addressed by Indices

Corrosive Characteristics

Langelier Index (LI) | Aggressive Index (Al)

Highly Aggressive <-20 <10.0
Moderately Aggressive 6.0 to < Ub 10.0to < 12.0
Non-aggressive

>0.0 >12.0

Values of log of Ca or Alkalinity
as CaCO; in mgiL

A 1 I d mglL logo
ggressive Index .D <
20 1.30
30 148
40 160
50 1.70
60 1.78
70 184
80 1.90
20 195

00 2@
300 248
400 260
500 270
600 278
700 284
800 2.90
900 295
1,000 3.00

Aggressive Index

Now determine how aggressive your

water is

Corrosivity Characteristics as Addressed by Indices

Corrosive Characteristics

Langelier Index (LI) | Aggressive Index (Al)

Highly Aggressive

<-20 <10.0

Moderately Aggressive

-20to<0.0 10.0t0 < 12.0

Non-aggressive

>0.0 ( >12.0
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Stabilization

1. Calculate the Langlier Index for a water sample based on the following

information:
pH = 7.8
temperature=  20°C
TDS = 100 mg/L
calcium = 90 mg/L as CaCO;
alkalinity = 170 mg/L as CaCO;

2. Calculate the Aggressive Index for a water sample based on the following
information:

100 mg/L as CaCO;
65 mg/L as CaCO;
7.2

total alkalinity

calcium
pH
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Langelier Index — Determine the LI and the corrosive characteristics:

Applied Math for Water

Stabilization Math

1. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

7.65

15 C

200 mg/L

80 mg/L as CaCOs3
100 mg/L as CaCOg3

2. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

7.4

20 C

200 mg/L

80 mg/L as CaCOs3
100 mg/L as CaCOg3

3. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

1.4

20 C

400 mg/L

100 mg/L as CaCOs3
100 mg/L as CaCOg3

Stabilization

Section 9
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4. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

5. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

6. Calculate the Langelier Index for the following information:

pH
temperature
TDS
Calcium
Alkalinity

120

7.0

15C

200 mg/L

10 mg/L as CaCOs3
10 mg/L as CaCOg3

7.6

25 C

400 mg/L

150 mg/L as CaCOg3
170 mg/L as CaCOg3

8.6

15 C

200 mg/L

50 mg/L as CaCOs3
100 mg/L as CaCOg3

Stabilization

TDEC - Fleming Training Center
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Aggressive Index — Determine the Al and the corrosive characteristics:

7. Calculate the aggressive index for the following information:
Total alkalinity 100 mg/L as CaCOs
Calcium 70 mg/L as CaCOs3
pH 7.6

8. Calculate the aggressive index for the following information:

Total alkalinity = 270 mg/L as CaCOs
Calcium = 200 mg/L as CaCO3
pH = 7.3

9. Calculate the aggressive index for the following information:
Total alkalinity 100 mg/L as CaCOs3
Calcium 50 mg/L as CaCOs3
pH 7.2

10. Calculate the aggressive index for the following information:
Total alkalinity 100 mg/L as CaCOs
Calcium 70 mg/L as CaCOs3;
pH 7.2
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11. Calculate the aggressive index for the following information:

Total alkalinity = 100 mg/L as CaCOs3
Calcium = 80 mg/L as CaCOs3
pH = 7.1

12. Calculate the aggressive index for the following information:

Total alkalinity

Calcium = 15 mg/L as CaCOs3
pH = 7.0
Answers:
1. -037MA 7.
2. —-055MA 8.
3. -051MA 9.
4., -292HA 10.
5. 0.17NA 11.
6. 0.38NA 12.

122 Stabilization

20 mg/L as CaCOs

11.45 MA
12.03 NA
10.9 MA
11.05 MA
11.0 MA
9.48 HA
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! Filter Math

nnnnnnnnnnnnnnnnnnnnn

TDEC - Fleming Training
Center 1

Filter Rate Steps
{ (Hook Gauge)

Find volume in gallons
Find average time in minutes

Find sand bed area in ft?

TDEC - Fleming Training Center 3

124

Filtration

TDEC - Fleming Training Center

Filter Rate
{ (Hook Gauge)

A filter measures 22 ft by 14
ft. The influent is closed and
the effluent is opened. The
water level drops 6 inches in
120 sec, 124 sec and 128 sec
during three tests. What is

the filter rate in gpm?

14 ft
’\<2ﬁ

T 6in

TDEC - Fleming Training Center 2

{ Volume, gal

v=(l, ft)(w, ft)(d, ft)(7.48 gal/fts)
V=(22 ft)(14 t)(0.5 ft)(7.48 gal/ftd)

V= 1151.9 gal

\_\22 ft

T 6in

14 ft

TDEC - Fleming Training Center 4
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{ Average Time, min

120 sec, 124 sec and 128 sec

Avg time, min = sec, + sec, + sec,
(3)(60 sec/min)

Avg Time, min = 120+124+128
(3)(60 sec/min)

Avg Time, min = 2.0667 min

TDEC - Fleming Training Center 5

Filter Rate, gpm
{ (Hook Gauge)

Filter rate, gpm=__volume, gal
(Hook Gauge) average time, min

Filter rate, gpm = 1151.9 qgal
2.0667 min

Filter rate, gpm = 557.4 gpm

TDEC - Fleming Training Center 7

Filtration

Section 10

{ Sand Bed Area

A filter measures 22 ft by 14 ft.
Sand Area, ft2 =(length, ft)(width, ft)

Sand Area, ft2 = (22 ft)(14 ft)

Sand Area, ft2 = 308 ft2

TDEC - Fleming Training Center 6

{ Filter Rate, gpm/ft?

Filter rate gpm/ft2=filter rate, gpm
sand area, ft?

Filter rate, gpm/ft2 = 557.4 gpm
308 ft?

Filter rate, gpm/ft2 = 1.8 gpm/ft?

TDEC - Fleming Training Center 8
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Backwash Volume

A filter sand area measures 32 ft
by 20 ft. Assuming a backwash
rate of 20 gpm/ft? and a
backwash time of 10 minutes,
how many gallons of backwash
water are required?

Backwash, = (rate, gpm/ft?)(time, min)(area, ft?)
gal.

(20 gpm/ft2)(10 min)(32 ft)(20 ft)

128,000 gal

TDEC - Fleming Training Center 9
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Filter Efficiency

During a filter run of 95 hours, a
total of 3.78 MG was filtered. If
35,000 gallons were used to
backwash, calculate the % of the
filtered water used for
backwashing.

% water used = (water used, gal)(100)
water produced, gal

= (35,000 gal)(100)
3,780,000 gal

= 09%

TDEC - Fleming Training Center 10
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Drop Test

Drop Tests and Rise Tests

Trough

Media

N

Filter/Sand Bed

Rise

Section 10

Test

Filter Basin/Bay

Filtration
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Filtration

1. The Cartersville WTP treats and average of 2.97 MGD. The water is split equally
to each of 6 filters. Each filter basin measures 10 feet wide by 20 feet long and 22
feet deep. Each filter bed measures 8 ft by 17 ft by 15 ft deep.

a. Determine the daily flow to each of the filters in gallons per minute.

b. The influent line to filter 5 is closed while the effluent remains open. Using a
hook gauge and a stop watch, it is noted that the water level in the filter drops 6
inches in 70 seconds. What is the filtration rate in gallons per minute?

c. What is the filtration rate in gallon per minute per filter per square foot of
surface area?

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 6 inches in 20 seconds. What is the backwash
rate in gallons per minute?

128 Filtration
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e. Calculate the filter backwash rate in gallons per minute per square foot.

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 15 minutes.

g. During a filter run of 75 hours, the total volume of water filtered was 2.8 million
gallons. Calculate the percent of the product water used for backwashing.

Filtration 129
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APPLIED MATH FOR WATER
FILTER MATH

BASICS

1. Afilter basin and its sand bed measure 28 feet by 16 feet. Calculate its sand bed
area in ft>.

2. The same filter basin that measures 28 feet by 16 feet has the water drop 6
inches, what was volume in gallons of the drop test?

3. The filter drop test was timed. The test times were 68 seconds, 72 seconds and
71 seconds. What was the average time in minutes?

4. A filter measures 28 feet by 20 feet. The influent is closed and the effluent is
opened and the water drops 6 inches in 2 minutes. What is the filter rate in
gallons per minute?
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5. A filter measures 28 feet by 20 feet. The influent is closed and the effluent is
opened and the water drains down 6” in 2 minutes. What is the filter loading rate
in gallons per minute per square foot?

6. A filter measures 26 feet by 15 feet. The influent line is shut and the water drops
2.6 inches per minute. Calculate the rate of filtration in MGD.

7. A filter measures 26 feet by 15 feet and has a filter media depth of 36 inches.
Assuming a backwash rate of 15 gpm/ft* and 11 minutes of backwash required,
how many gallons of water are required for each backwash?

8. The filter in Problem #7 filtered 13.95 MG during the last filter run. Based on the
gallons produced and the gallons required to backwash the filter, calculate the
percent of the product water used for backwashing.
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USE THE FOLLOWING INFORMATION FOR PROBLEMS 9a — g.

9. The Randyville Water Plant treats an average of 5.18 MGD. The water is split
equally to each of the 8 filters. Each filter basin measures 12 feet wide by 16 feet
long and by 24 feet deep. Each filter bed measures 12 feet by 14 feet by 11 feet
deep.

a. Determine the daily flow to each of the filters in gallons per minute.

b. The influent line to Filter 6 is closed while the effluent remains open. Using a
hook gauge and a stopwatch, it is noted that the water level in the filter drops 7
inches in 80 seconds. What is the filtration rate in gallons per minute?

c. What is the filtration rate in gallons per minute per filter per square foot of
surface area?

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 7 inches in 15 seconds. What is the
backwash rate in gallons per minute?
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e. Calculate the filter backwash rate in gallons per minute per square foot.

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 15 minutes.

g. During a filter run of 95 hours the total volume of water filtered was 3.80
million gallons. Calculate the percent of the product water used for
backwashing.

USE THE FOLLOWING INFORMATION FOR PROBLEMS 10a — g.

10. The Chrisburg Water Plant treats an average of 7.2 MGD. The water is split
equally to each of 8 filters. Each filter basin measures 12.5 feet wide by 16.5 feet
long by 24 feet deep. Each filter bed measures 12.5 feet by 14 feet by 10 feet
deep.

a. Determine the daily flow to each of the filters.
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b. The influent line to Filter 6 is closed while the effluent remains open. Using a
hook gauge and a stopwatch, it is noted that the water level in the filter drops 6
inches in 69 seconds on test 1, 6 inches in 67 seconds on test 2 and 6 inches in
70 seconds on test 3. What is the filtration rate in gallons per minute?

c. What is the filtration rate in gallons per minute per square foot of surface area?

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 6 inches in 13 seconds. What is the
backwash rate in gallons per minute?

e. Calculate the filter backwash rate in gallons per minute per square foot.

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 20 minutes.
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g. During a filter run of 95 hours the total volume of water filtered was 3.74
million gallons. Calculate the percent of the product water used for
backwashing.

11. Calculate the filtration rate in gpm/ft® for a filter with a sand area of 26 feet by 22
feet when the applied flow is 2.36 MGD.

12. Determine the filtration rate in gpm/ft? for a filter with a surface of 28 feet by 20
feet. With the influent valve closed, the water above the filter dropped 12 inches
in 4 minutes.

13. A filter measures 26 feet by 15 feet. The influent line is shut and the water drops
2.6 inches per minute, calculate the rate of filtration in MGD.

14. The filter in Problem #13 has a filter media depth of 36 inches. Assuming a
backwash rate of 15 gpm/ft2 and 6 minutes of backwash, how many gallons of
water is required for each backwash?
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15. A filter plant has 6 filters, each measuring 20 feet X 15 feet. One filter is out of
service. The other five filters are capable of filtering 500 GPM each. How many
gallons per minute per square foot will each filter?

16. A filter is 30 feet X 20 feet. If, when the influent valve is closed, the water above
the filter drops 3.7 inches per minute, what is the rate of filtration in MGD?

17. Determine the backwash pumping rate in gallonszper minute for a filter 33 feet by
21 feet if the desired backwash rate is 17 GPM/ft<.

18. Determine the volume of water in gallons required to backwash the filter in the
previous problem if the filter is backwashed for 6 minutes.
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19. During a filter run the total volume of water filtered was 14.65 million gallons.
When the filter was backwashed, 72,560 gallons of water were used. Calculate the
percent of the filtered water used for backwashing.

USE THE FOLLOWING INFORMATION FOR PROBLEMS 21a — 21g

(put your thinking cap on)

20. The Billyville Water Treatment Plant treats an average of 8.0 MGD. The water is
split equally to each of four filters. Each filter basin measures 35 feet long by 19
feet wide and has a divider wall jutting out into the middle measuring 1 foot by 16
feet. Each filter basin contains two filter beds, each measuring 17 feet by 16 feet.
The filter basins are 12 feet deep.

WASH WATER TROUGH

FILTER
BASIN

AN V4
NI

FILTER BEDS

a. Determine the daily flow to each of the filters.

b. The influent line to Filter 1 is closed while the effluent remains open. Using a
hook gauge and a stopwatch, it is noted that the water level in the filter drops 6
inches in 93 seconds. What is the filtration rate in gallons per minute?
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c. What is the filtration rate in gallons per minute per square foot of surface area?

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 6 inches in 19.5 seconds. What is the
backwash rate in gallons per minute?

e. Calculate the filter backwash rate in gallons per minute per square foot.

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 11 minutes.

g. During a filter run of 117 hours the total volume of water filtered was 8.78
million gallons. Calculate the percent of the product water used for
backwashing.
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Answers:
1. 448 ft 18. 70,686 gallons
2. 1675.5 gal 19. 0.5%
3. 1.17 min 20. a. 2.0 MGD/filter
4. 1047.2 gpm b. 1565.97 gpm
5. 1.87 gpm/ft c. 2.9 gpm/ft?
6. 0.91 MGD d. 6260 gpm
7. 64,350 gallons e. 11.5 gpm/ft?
8. 0.46% f. 68,860 gal
9. a. 450 gpm/filter g. 0.78%

b. 628 gpm

c. 3.74 gpm/ft?

d. 2932 gpm

10.

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

e. 17.5 gpm/ft?
f. 43,980 gallons

g. 1.2%
a. 0.9 MGDf/filter
b. 674 gpm
c. 3.85gpm/ft?
d. 3,020 gpm

e. 17.3 gpm/ft?
f. 60,400 gallons
g. 1.6%

2.87 gpm/ft?

1.87 gpm/ft?

0.91 MGD

35,100 gallons

1.67 gpm/ft?

2.0 MGD

11,781 gpm

Filtration
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/{_
.
Coagulation and
-
Flocculation
Calculating dosages, conversionsand feeder settings
e TDEC - Fleming Training Center 1

/ =

One Step Further

The average flow for a water plant is 12 MGD. Jar tests
indicate that the best alum dose is 26 mg/L. What would
be the setting in grams per minute?

gram/min = (dose, mg/L)(flow, gpd)(3.785 L/gal)
(1440 min/day)(1000 mg/gram)

= (26 mg/L)(12,000,000 gpd)(3.785 L/gal)
(1440 min/day)(1000 mg/gram)

= 820 grams/min

TDEC - Fleming Training Center 3

TDEC - Fleming Training Center

/{_
Calculating Pounds/ Day

A water plant treats 5.8 MGD. If the alum dose is 19 mg/L,
how many pounds per day of alum will the operator feed?

Ibs = (dose,mg/L)(volume,MG)(8.34 Ib/gal)
= (19 mg/L)(5.8 MG)(8.34 Ib/gal)

=919 Ibs/ day alum

TDEC - Fleming Training Center 2

/)
Dosage

A water plant used 12 Ibs of polymer to treat 0.5 MGD.
What is the dosage in mg/L?

Dosage, mg/L = chemical feed, Ibs/day
(flow, MGD)(8.34 Ib/gal)

12 Ibs/day
(0.5 MGD)(8.34 Ib/gal)

= 29 mg/L

TDEC - Fleming Training Center 4

/_/
Dilutions

Liquid polymer is supplied to a water treatment plant as an
8% solution. How many gallons of this would it take to
make 55 gallons of a 1% solution?

(Conc.))(Vol.y) =(Conc.,)(Vol.p)

(.08)(X gal) = (.01)(55 gal)

X gal = (.01)(55 gal)
.08
= 6.9gal
TDEC - Fleming Training Center 5

//
Liquid Feeder Setting

An operator wants to feed 11 mg/L of alum for a flow of 1.2
MGD. The alum contains 643 mg of dry chemical per
milliliter of liquid. What would be the setting on the liquid
alum feeder in mL/min?
mL/min = (dose, mg/L)(flow, gpd)(3.785 L/gal)
(chem. conc., mg/mL)(1440 min/day)

= (11 mg/L)(1,200,000 gpd)(3.785 L/gal)
(643 mg/mL)(1440 min/day)

= 54 mL/min

TDEC - Fleming Training Center 6

142 Coagulation / Flocculation




TDEC - Fleming Training Center

/{_
Liquid Feeder Setting

A water plant treats 10 MGD with 25 mg/L liquid alum.
How many gallons per day will be used? The alum contains
5.35 Ibs dry alum per gallon.

gpd = (chem. dose. mg/L)(flow. MGD)(8.34lbs/gal)
chem. conc., Ibs/gal

(25 mg/L)(10 MGD)(8.34lbs/gal)
5.35 Ibs/gal

390 gal/day

TDEC - Fleming Training Center

Section 11

/{_
Ferric Chloride

A plant has just switched from alum to ferric chloride. Jar
tests indicate that 9.3 mg/L should be fed to treat 5.0 MGD.
How many mL/min should be fed if each mL of solution
contains 594 mg dry chemical?

mL/min = (dose, mg/L)(flow, gpd)(3.785 L/gal)

(chem. conc., mg/mL)(1440 min/day)

= (9.3 mg/L)(5.000.000 gpd)(3.785 L/gal)
(594mg/mL)(1440 min/day)

= 206 mL/min

TDEC - Fleming Training Center 8

/’—
Ib/gal to mg/mL Conversion

Ferric chloride contains 4.956 Ibs dry chemical per
gallon of liquid solution, how many mg/mL is this?

4.956 X -

/’—
Ib/gal to mg/mL Conversion

4.956 X

(4.956)(453.8)(1000) = 2,248,041.6 = 593.9 mg/mL
(3.785)(1000) 3785

TDEC - Fleming Training Center 9

TDEC - Fleming Training Center 10
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Coagulation/Flocculation

1. The average flow for a water plant is 5.2 MGD. A jar test indicates that the best
alum dosage is 3.5 mg/L. How many pounds per day will the operator feed?

2. The average flow for a water plant 1,200,000 gallons per day. A jar test
indicates that the best alum dosage is 1.8 mg/L. How many grams per minute
should the feeder deliver?

3. A plant used 39 pounds of alum treating 3.7 MGD. Calculate the dose in mg/L.

4. Liquid polymer is supplied to a water treatment plant as a 9% solution. How
many gallons of this liquid is required to make 150 gallons of 1.5% polymer
solution?
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5. Liquid alum delivered to a water treatment plant contains 795.4 milligrams of
alum per milliliter of liquid solution. Jar test indicate that the best alum dose is 5
mg/L. Determine the setting on the liquid alum feeder in milliliters per minute if
the flow is 2.8 MGD.

6. An operator has decided to switch from dry alum to liquid alum. If he feeds an
average of 150 Ibs of dry alum a day, how many gallons of liquid alum will he need
to feed on average given the following information?

Alum, liquid: 49% concentration
10.7 Ibs/gallon

5.4 Ibs dry alum/gallon

1.335 specific gravity
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APPLIED MATH FOR WATER
COAGULATION & FLOCCULATION

1. The average flow for a water plant is 3.25 MGD. A jar test indicates that the best
alum dosage is 2.5 mg/L. How many pounds per day will the operator feed?

2. The average flow for a water plant is 13.5 MGD. The jar test indicates that the best
alum dose is 1.8 mg/L. How many pounds per day will the operator feed?

3. Determine the setting on a dry alum feeder in pounds per day when the flow is 1.3
MGD. Jar tests indicate that the best alum dose is 12 mg/L.

4. The average flow for a water plant is 8.3 MGD. A jar test indicates that the best alum
dosage is 2.2 mg/L. How many grams per minute should the feeder deliver?
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5. The average daily flow for a water plant is 0.75 MGD. If the polymer dosage is kept
at 1.8 mg/L, how many pounds of polymer will be used in 30 days?

6. The average flow for a water plant is 8,890 gpm. A jar test indicates that the best
polymer dose is 3.1 mg/L. How many pounds will the plant feed in one week?
(Assume the plant runs 24 hour/day, 7 days/week.)

7. A water treatment plant used 27 pounds of cationic polymer to treat 1.6 million
gallons of water during a 24-hour period. What is the polymer dosage in mg/L?

8. A water plant fed 130 Ibs of alum treating 1.3 MGD. Calculate the dose in mg/L.
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9. A water plant fed 52 grams per minute of dry alum while treating 2.6 MGD. Calculate
the mg/L dose.

10. Liquid polymer is supplied to a water treatment plant as an 8% solution. How many
gallons of this liquid polymer should be used to make 200 gallons of a 0.7% polymer
solution?

11. Liquid polymer is supplied to a water treatment plant as an 8% solution. How many
gallons of this liquid polymer should be used to make 5 gallons of a 5% polymer
solution?

12. Liquid polymer is supplied to a water treatment plant as an 8% solution. How many
gallons of liquid polymer should be used to make 55 gallons of a 0.5% polymer
solution?
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13. Liquid alum delivered to a water treatment plant contains 642.3 milligrams of alum
per milliliter of liquid solution. Jar tests indicate that the best alum dose is 8 mg/L.
Determine the setting on the liquid alum chemical feeder in milliliters per minute if the
flow is 2.2 MGD.

14. You collect three 2-minute samples from an Alum dry feeder. What is the feed rate in
mg/L when the flow rate is 2 MGD?

Sample 1 = 25 grams
Sample 2 = 22 grams
Sample 3 = 24 grams

15. A water plant is treating 8.2 MGD with 2.0 mg/L liquid alum. How many gpd of liquid
alum will be required? The liquid alum contains 5.36 Ibs dry alum/gallon.

16. A jar test indicates the 3.4 mg/L of liquid alum is required in treating 7.6 MGD. How
many mL/min should the metering pump deliver? The liquid alum delivered to the
plant contains 645 mg alum per mL of liquid solution.
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17. A jar test indicates that 1.8 mg/L of liquid ferric chloride should be fed to treat 2,778
gpm of water. How many mL/min should be fed by a metering pump? Ferric chloride
contains 4.59 Ibs dry chemical per gallon of liquid solution.

18. An operator has decided to switch from dry alum to liquid alum. If he feeds an
average of 100 Ibs of dry alum a day, how many gallons of liquid alum will he need to
feed on average given the following information:

Alum, liquid: 48.5% concentration
11.13 Ibs/gallon

5.40 Ibs dry alum/gallon

1.335 Specific Gravity

19. If an operator wants to switch from dry ferric chloride to liquid ferric chloride, how
many gallons per day would he have to feed if he normally feeds 200 Ibs of dry ferric
daily? Plant flow rate is 4 MGD. What would be the feed rate in milliliters per minute?

Ferric Chloride: 39% concentration
11.76 lbs/gallon

4.59 dry Ibs of FeCl,/gallon

1.41 Specific Gravity
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20. Based on the information provided below calculate the milligrams of alum per milliliter
of solution. If jar test results indicate that the best dosage is 25 mg/L, what is the
feed rate in mL/min? The plant flow rate is 6 MGD.

Alum, liquid 48.5% concentration
11.13 Ibs/gallon

5.40 lbs dry alum/gallon

1.335 Specific Gravity

21. Based on the information provided below calculate the milligrams of ferric chloride per
milliliter of solution. If jar test results indicate that the best dosage is 7 mg/L, what is
the feed rate in mL/min? The plant flow rate is 6 MGD.

Ferric Chloride: 39% concentration
11.76 lbs/gallon

4.59 dry Ibs of FeCl,/gallon

1.41 Specific Gravity

ANSWERS:

1. 67.8 Ibs/day 9. 7.6 mg/L 17. 34.4 mL/min
2. 202.7 lbs/day 10. 17.5 gallons 18. 18.5 gallons
3. 130 Ibs/day 11. 3.1 gal 19. 43.6 gal/day
4, 48 grams/min 12. 3.4 gal 114.5 mL/min
5. 337.8 Ibs 13. 72 mL/min 20. 647.14 mg/mL
6. 2,316.5 Ibs 14. 2.25 mg/L 609.3 mL/min
7. 2 mg/L 15. 25.5 gal/day 21. 550.07 mg/mL
8. 12 mg/L 16. 105.3 mL/min 200.7 mL/min
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152

APPLIED MATH FOR WATER
COAGULATION & FLOCCULATION PRACTICE QUIZ

The average flow for a water plant is 6.3 MGD. A jar test indicates that the best
alum dosage is 19 mg/L. How many pounds per day will the operator feed?

Determine the setting on a dry alum feeder when the flow is 5.4 MGD. Jar tests
indicate that the best alum dose is 8 mg/L. What would be the setting in grams
per minute?

The average daily flow for a water plant is 7.5 MGD. Jar test results indicate the
best polymer dosage is 1.8 mg/L. How many pounds of polymer will be used in
90 days?

A water treatment plant used 14 pounds of cationic polymer to treat 2.0 million
gallons of water during a 24-hour period. What is the polymer dosage in mg/L?
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5. A water plant fed 48.5 grams per minute while treating 2.2 MGD. Calculate the
mg/L dose.

6. Liquid polymer is supplied to a water treatment plant as an 8% solution. How
many gallons of liquid polymer should be used to make 200 gallons of a 1.0%
polymer solution?

7. Liquid alum delivered to a water treatment plant contains 642.3 milligrams of
alum per milliliter of liquid solution. Jar tests indicate that the best alum dose is
15 mg/L. Determine the setting on the liquid alum chemical feeder in milliliters
per minute when the flow is 7.2 MGD. There are 3.785 liters in one gallon.

8. A water plant is treating 1.8 MGD with 2.0 mg/L liquid alum. How many gpd of
liquid alum will be required? The liquid alum contains 5.36 Ibs dry alum/gallon.
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9. A jar test indicates the 4.3 mg/L of liquid alum is required in treating 6.7 MGD.
How many mL/min should the metering pump deliver? The liquid alum delivered
to the plant contains 645 mg alum per mL of liquid solution.

10.An operator has decided to switch from dry alum to liquid alum. If he feeds 114
Ibs of dry alum on average a day, how many gallons of liquid alum will he need
to feed on average given the following information:

Alum, liquid 48.5% concentration
11.13 Ibs/gallon

5.40 Ibs dry alum/gallon

1.335 Specific Gravity

11.Based on the information provided below calculate the milligrams of ferric
chloride per milliliter of solution. If jar test results indicate that the best dosage
is 21 mg/L, what is the feed rate in mL/min? The plant flow rate is 7.5 MGD.

Ferric Chloride 39% concentration
11.76 Ibs/gallon

4.59 dry Ibs/gallon

1.41 Specific Gravity

ANSWERS:

1. 998.3 Ibs/day 7. 442 mL/min

2. 113.5 grams/min 8. 5.6 gpd

3. 10,133.1 Ibs 9. 117.4 mL/min

4. 0.84 mg/L 10. 21.1 gpd

5. 8.39 mg/L 11. 550.07 mg/mL; 752.6 mL/min
6. 25 gal
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.....................

KMnO, Feeder System

Feeder Math

1 TDEC - Fleming Training Center

Take one minute sample and weigh grams:
convert to pounds per day = (grams/min weighed)(1440 min/day)
454 grams/pound
= Ibs/day

2 TDEC - Fleming Training Center

Phosphate Feeder Room

gallons per day = (mL/min)(1440 min/day)

3785 mL/gallon

188an

Calibration
Tubes

Calibrating mL’s per Minute

Minimum once per shift

Don't forget to put valves
back in correct position!

4 TDEC - Fleming Training Center
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Dry Feeder Calibration

If a dry feeder delivers 96
grams of chemical in 3

minutes, how many grams
per minute does it deliver? |

96 grams = 32 grams/min
3 min

Good idea to have top
loading balance on hand

5 TDEC - Fleming Training Center

Dry Feeder Calibration

To check the feed rate of a dry feeder, an operator
collects 4 samples. Each sample is collected for 1 minute.
What is the average feed rate?

Sample 1:17.6 grams Sample 3 :17.5 grams

Sample 2 ;:17.1 grams Sample 4 :17.8 grams
1769 + 17.1g + 17.59g + 17.8
Average = g g g g
4
70
Average = 9 = 1754
4
6 TDEC - Fleming Training Center

Liquid Feeder Calibration

A chemical feeder delivers 620 milliliters of liquid alum in
3 minutes. What is the average feed rate in mL/min?

620 mL .
- =206.7 mL/min

3 min

7 TDEC - Fleming Training Center

Converting Feed Rate to Total Usage
When converting from

one unit to another you
must know:

Conversion factor

Whether to multiply or
divide

Box Method

TDEC - Fleming Training Center 8
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Conversions

Convert 32.5 grams per minute to pounds per hour.

32.5 grams’ X 11b X 60 min—
_min— 454 grams 1 hour

= 4.3 Ib/hr

9 TDEC - Fleming Training Center

Conversions

Convert 206.7 mL/min to gallons per hour.

206.7mL/X 1 gal « 60 min—

- = 3.3 gal/hr
T 3785.mt~ 1 hour

10 TDEC - Fleming Training Center

Conversions

Convert 165 gallons per day to mL/min.

165gat- x 3785 mL laay” _ 433.7 mL/min
—day~ 1 gal” 1440 min

11 TDEC - Fleming Training Center

Dosage

What is the dosage if a plant uses 103.1 Ibs. of chemical
to treat 11.5 MG?

chemical feed, Ibs./day
(MGD)(8.34 Ibs./gal)

103.1 Ibs.
(11.5 MGD)(8.34 Ibs./gal)

mg/L =

= 1.07 mg/L

12 TDEC - Fleming Training Center
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Feeders

1. An operator collections 5 three-minute samples from a dry feeder. Based on
the information given, determine the average grams per min.

Sample 1 =37.8 grams

Sample 2 =38.3 grams

Sample 3 =35.6 grams

2. What is the average dose in mg/L for the feeder in the previous question if the
plant treats 3.9 MGD?
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APPLIED MATH FOR WATER
FEEDER MATH

l.a. An operator is checking the calibration on a chemical feeder. The feeder delivers
102 grams in 5 minutes. How many grams per minute does the feeder deliver?

1.b. How many pounds per day does the feeder deliver?

2.a. An operator checks the calibration of a dry feeder by catching samples and
weighing them on a balance. Each catch lasts 1 minute. Calculate the average
feed rate in grams per minute based on the following data:

Sample 1 weighs 37.0 grams
Sample 2 weighs 36.2 grams
Sample 3 weighs 39.4 grams
Sample 4 weighs 38.6 grams

2.b. How many pounds per hour is being fed?

3.a. An operator collects 3 two-minute samples from a dry feeder:
Sample 1 weighs 22.2 grams
Sample 2 weighs 24.0 grams
Sample 3 weighs 21.9 grams
What is the average grams per minute?
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3.b.

4.a.

4.b.

5.a.

5.b.

What is the average dose in mg/L for the feeder in question 3.a. if the plant
treats 420,000 gpd?

An operator collects 5 two-minute samples from a dry feeder:
Sample 1 weighs 49.2 grams
Sample 2 weighs 44.0 grams
Sample 3 weighs 41.9 grams
Sample 4 weighs 48.3 grams
Sample 5 weighs 47.6 grams
What is the average grams per minute?

What is the average dose in mg/L if the plant treats 1,200,000 gpd?

A chemical feeder calibration is tested using a 1,000 ml graduated cylinder. The
cylinder filled to 850 ml in a 3 minute test. What is the chemical feed rate in
milliliters per minute?

What is the chemical feed rate in gallons per minute?
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5.c.

6.a.

6.b.

6.c.

8.a.

162

What is the chemical feed rate in gallons per day?

A chemical feeder draws a liquid chemical from a one-liter (1,000 ml) graduated
cylinder for 30 seconds. At the end of 30 seconds, the graduated cylinder has
400 ml remaining. What is the chemical feed rate in milliliters per minute?

What is the chemical feed rate in gallons per minute?

What is the chemical feed rate in gallons per day?

A water plant treats 3.5 MGD with a dose of 2.2 mg/L KMnO,. If the water plant
uses 257 gallons of permanganate per day, how many ml/min must be pumped?

A water plant treats 8.5 MGD with a dose of 1.7 mg/L KMnO4. How many gpd of
permanganate must be used? (KMnO, was made up at 0.25 Ibs per 1 gallon of
water)

Feeders
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8.b. How many ml/min must be pumped?

8.c. If the water plant uses 3 potassium permanganate pumps, how many ml/min
must be pumped by each?

9. KMnO,4 has been made according to the manufacturer recommendations (30
mg/mL). The water plant operators wants to dose 3.6 MGD with 2.0 mg/L
KMnO4. How many ml/min must be delivered by the metering pump?

Answers:
l.a. 20.4 grams/min 5.b. 0.0748 gal/min
1.b. 64.76 Ibs/day 5.c. 107.7 gpd

2.a. 37.8 grams/min
2.b. 5 Ibs/hour

3.a. 11.35 grams/min
3.b. 10.3 mg/L

4.a. 23.1 grams/min
4.b. 7.3 mg/L

5.a. 283.3 ml/min
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6.a. 1200 ml/min
6.b. 0.32 gal/min
6.c. 456.5 gpd

7. 675.5 ml/min
8.a. 482.052 gpd
8.b. 1267 ml/min
8.c. 422.3 ml/min
9. 630.83 ml/min

164
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APPLIED MATH FOR WATER
FEEDER MATH PRACTICE QUIZ

1. An operator collects 3 two-minute samples from a dry feeder:
Sample 1 weighs 47.3 grams
Sample 2 weighs 44.8 grams
Sample 3 weighs 42.4 grams
The water plant is treating 4.5 MGD. What is the average dose in mg/L?

2. A chemical feeder feeds a liquid chemical to a 1000 mL graduated cylinder for 48
seconds. At the end of the 48 seconds, the graduated cylinder is completely full.
What is the chemical feed rate for the metering pump in gallons per day?

3. A water plant used 167 gallons of a liquid chemical in one day. How many
mL/min was pumped?
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4. The operator measured the amount of dry chemical fed in one day as 114.5 Ibs.
How many grams/min should the dry feeder have delivered?

5. How many grams in one pound?

6. How many milliliters in one gallon?

7. How many milligrams in one pound?

8. How many liters in one gallon?

ANSWERS:

1 1.9 mg/L 5. 453.6

2 475.6 gpd 6. 3,785

3. 439 mL/min 7. 453,600

4 36.1 g/min 8. 3.785

166
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Pretreatment

Algae Control
Iron and Manganese Control

TDEC - Fleming Training Center 1

Copper Sulfate

 Dosage depends on alkalinity and pH.
— If methyl-orange alkalinity is < 50 mg/L as
CaCO;, a dosage of 0.3 mg/L is recommended,
based on total lake volume.

— If methyl-orange alkalinity is > 50 mg/L as
CaCOg, 1 mg/L for the upper 2 ft of the volume
of the lake is recommended.

TDEC - Fleming Training Center 2

Copper Sulfate Problem

« If the methyl-orange alkalinity is 40 mg/L, how
many pounds of copper sulfate will be required to
treat a pond with a volume of 32 acre-ft?

Copper sulfate = (0.9 Ibs/acre-ft)(volume, acre-ft)

= (0.9 Ibs/acre-ft)(32 acre-ft)
= 28.8 Ibs copper sulfate

TDEC - Fleming Training Center 3

Potassium Permanganate

 Potassium permanganate oxidizes iron and
manganese, and may be helpful in
controlling algae in reservoirs.

TDEC - Fleming Training Center 4

KMnO, Solutions

* | want to make a 3% solution of KMnO,. What %
by weight would 15 Ibs. KMnO, in 55 gallons of
water give me?

Y%hby = Weight of chemical, Ibs
weight Weight of water, Ibs + Weight of chemical, Ibs
= 15 Ibs
(55 gal)(8.34 Ibs/gal) + 15lbs
= 15 Ibs. = 15lbs = 0.03 or 3%

458.7 Ibs. + 15Ibs 473.7 Ibs

TDEC - Fleming Training Center

Permanganate Dosage

* |t takes 1.92 mg/L of KMnQ, to oxidize 1
mg of manganese. How much KMnO, will
be needed to treat 1.65 mg/L of manganese?

mg/L = (1.65 mg/L Mn)(1.92 mg/L KMnO,)
=3.17 mg/L KMnO,

TDEC - Fleming Training Center 6
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Laboratory Solutions

* You want to make up a standard solution of KMnO,
for a jar test. How would you make a .01% solution
from 10 mL of a 3.0% solution?

(Concentration,)(Volume;) = (Concentration,)(Volume,)
(.03)(10mL) = (.0001)(x mL)

(.03)(10mL) = (x mL)

(.0001)
3000 mL = x
TDEC - Fleming Training Center 7

Laboratory Solutions

* How many mL of water should be added to 20 mL
of a 5.0N solution to make a .8N solution?

(Normality,)(Volume,) = (Normality,)(Volume,)
(5 N)(20 mL) = (.8 N)(x mL)
xmL=(5N)(20mL) = 100mL = 125mL

(.8N) .8

125 mL - 20 mL =105 mL

TDEC - Fleming Training Center

Pre-treatment and Lab
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Pre-treatment and Lab

1. A holding pond measures 550 feet by 1075 feet and has an average depth of 12
feet.

a. What is the volume of the pond in acre-feet?

b. What is the volume of the pond in million gallons?

c. If the Methyl Orange alkalinity is 21 mg/L, how many pounds of copper sulfate
will be required to treat the water for algal problems?

d. If the Methyl Orange alkalinity is 72 mg/L, how many pounds of copper sulfate
will be required to treat the water for algal problems?
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2.a. Carus Chemicals recommends a 5% permanganate solution. If 2.0 lbs KMnO,
is dissolved in 10 gallons of water, what is the % by weight?

b. To produce a 5% solution, how many pounds of KMnO, should be dissolved in a
tank 4.0 feet in diameter and filled to a depth 4.5 feet?

c. Your raw water has 1.6 mg/L of iron. How much KMnO, should be used to treat
the iron? Each 1.0 ppm requires 0.91 mg/L of KMnOs,.

d. Your raw water has 6.2 mg/L of manganese. How much KMnQO, should be used
to treat manganese? Each 1.0 ppm of manganese requires 1.92 mg/L KMnO,.

e. Your raw water has 0.4 mg/L of iron and 3.4 mg/L of manganese. How much
KMnO, should be used? (Each 1.0 ppm requires 0.91 mg/L of KMnQ,; each 1.0
ppm of manganese requires 1.92 mg/L KMnQ,)
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f. Carus Chemicals recommends a 5% permanganate solution mixed at a ratio of
0.25 Ibs per 1 gallons of water. How many mg of KMnQy,is there per mL of
solution?

g. The water plant is treating 3.0 MGD and the operator has determined that the
KMnO, dose should be 3.9 mg/L. How many mL/min must be pumped to obtain
this dose? (The KMnO, was made at the recommended 0.25 |b/gal)
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Applied Math for Water
Laboratory Solutions

1. A laboratory solution is made using 52 milligrams of Sodium Chloride (NaCl) dissolved
in a1 liter volumetric flask filled to the mark. What is the mg/L concentration of the
solution?

2. If 33 Ibs of a chemical is added to 148 Ibs of water, what is the % strength by weight?

3. You need 1 liter of 0.1N HCI and you have 10N on hand. How many mL’s of the 10N do
you need to make 1 liter?

4, 250 mL of 3N NaOH is diluted to 1000mL. What is the new normality of the solution?

5. 500 mL of 10N NaOH is diluted to 1 liter. What is the new normality of the solution?
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10.

11.

174

You are given 20 mL of 30N HCI. How many mL’s of water should be added to make
1.IN HCI?

An operator needs a 0.1N solution in order to conduct an analysis. The operator has 1.5N
solution on hand. How much (mL) of the 1.5N solution is needed to make 1 liter of 0.1N
solution?

An operator needs a 0.1N solution in order to conduct an analysis. The operator has 2.0N
solution on hand. How many milliliters of the 2.0N solution is needed to make 1 liter of
0.1N solution?

450 mL of 5N NaOH is diluted to 1 liter. What is the new normality of the solution?

You are given 8 mL of 15N H,SO,4. How much water (in mL) should be added to make
0.4N H,S0O,?

An operator needs a 0.2N solution and has 2.5N on hand. How much (in mL) of the 2.5N
solution is needed to make one-half liter of 0.2N solution?

Pre-treatment and Lab
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AnNswers:

52mg/L
18.2%
10 mL
0.75N
5N
525.45 mL
66.7 mL
50 mL
2.25N
292 mL
40 mL

RRO©oo NGOk wNE

= o

Pre-treatment and Lab
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Applied Math for Water
Pretreatment

Copper Sulfate
l.a. A holding pond measures 400 feet by 1213 feet and has an average depth of 10.5 feet.
What is the volume of the pond in acre-ft?

b. What is the volume of the pond in million gallons?

C. If the Methyl Orange alkalinity is 28mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

d. If the Methyl Orange alkalinity is 61mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

2.a. A holding pond measures 2400 feet by 576 feet and has an average depth of 8.75 feet.
What is the volume of the pond in acre-ft?
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b. What is the volume of the pond in million gallons?

C. If the Methyl Orange alkalinity is 44mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

d. If the Methyl Orange alkalinity is 82mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

3. For algae control of a reservoir, a dosage of 0.5 mg/L copper is desired. The reservoir has
a volume of 20 MG. How many pounds of copper sulfate (25% available copper) will be
required?

4.  The desired copper sulfate dose in a reservoir is 5 mg/L. The reservoir has a volume of 62
acre-ft. How many Ibs of copper sulfate (25% available copper) will be required?

5. A pond has an average length of 250 ft, an average width of 75 ft and an average depth of
10 ft. If the desired dose of copper sulfate is 0.8 Ibs/ acre ft, how many pounds of copper
Sulfate will be required?
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Potassium Permanganate
l.a.  Carus Chemicals recommends a 3% permanganate solution. If 2.5 Ibs KMnQy, is
dissolved in 10 gallons of water, what is the % by weight?

b. To produce a 3% solution, how many pounds KMnO, should be dissolved in a tank 3.5
feet in diameter and filled to a depth of 4.25 feet?

C. Your raw water has 1.8mg/L of iron. How much KMnQO, should be used to treat the
iron? (Each 1.0 ppm of Iron requires 0.91mg/L of KMnQy,)

d. Your raw water has 6.6mg/L of manganese. How much KMnQ, should be used to treat
manganese? (Each 1.0 ppm of Manganese requires 1.92mg/L of KMnQy)

e. Your raw water has 0.2mg/L of iron and 2.9mg/L of manganese. How much KMnQO,
should be used? (0.91mg/L KMnOy per 1.0 ppm Fe; 1.92mg/L KMnO4 per 1.0 ppm Mn)

f. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 Ibs
per 1 gallon of water. How many mg KMnQOy, is there per mL of solution?
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g. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 lbs
per 1 gallon of water. If 55 gallons of KMnQ, is made at this ratio, how many pounds of
chemical are required?

h. The water plant is treating 2.0 MGD and the operator has determined that the KMnQO4
dose should be 4.6mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnO,4 was made at the recommended 0.25 Ibs/gal)

I. The water plant is treating 11.2 MGD and the operator has determined that the KMnO,
dose should be 2.3mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnO,4 was made at the recommended 0.25 Ibs/gal)

J. Your raw water contains 0.7mg/L iron and 1.2mg/L manganese. You have determined to
feed 0.4mg/L KMnQ, to overcome a taste and odor problem caused by an algal bloom in
addition to the amounts required to oxidize the iron and manganese. How many mL/min
should the liquid feeder be set to feed in order to treat 9.1 MGD? (The KMnQO,4 was
made at the recommended 0.25 Ibs/gal; 0.91mg/L KMnOy per 1.0 ppm Fe; 1.92mg/L
KMnQO, per 1.0 ppm Mn)
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2.a.  Carus Chemicals recommends a 3% permanganate solution. If 25 Ibs of KMnO, are
dissolved in 100 gallons of water, what is the % by weight?

b. To produce a 3% solution, how many pounds KMnO, should be dissolved in a tank 3.5
feet in diameter and filled to a depth of 3.5 feet?

C. Your raw water has 2.8mg/L of iron. How much KMnQO, should be used to treat the
iron? (Each 1.0 ppm of Iron requires 0.91mg/L of KMnO,)

d. Your raw water has 2.0mg/L of manganese. How much KMnQ, should be used to treat
the manganese? (Each 1.0 ppm of Manganese requires 1.92mg/L of KMnQO,)

e. Your raw water has 0.2mg/L of iron and 3.1mg/L of manganese. How much KMnQO,
should be used? (0.91mg/L KMnQ4 per 1.0 ppm Fe; 1.92mg/L KMnO, per 1.0 ppm Mn)

f. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 Ibs
per 1 gallon of water. How many mg KMnQO, are there per 100mL of solution?
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g. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 lbs
per 1 gallon of water. If 67 gallons of KMnQO, are made at this ratio, how many pounds
of chemical are required?

h. The water plant is treating 14.5 MGD and the operator has determined that the KMnO,
dose should be 3.9mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnO,4 was made at the recommended 0.25 Ibs/gal.)

I. The water plant is treating 6.5 MGD and the operator has determined that the KMnQO4
dose should be 3.2mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnO,4 was made at the recommended 0.25 Ibs/gal.)

J. Your raw water contains 2.2mg/L of iron and 0.7mg/L of manganese. You have
determined to feed 0.5mg/L KMnO, to overcome a taste and odor problem caused by an
algal bloom in addition to the amounts required to oxidize the iron and manganese. How
many mL/min should the liquid feeders be set to feed in order to treat 5.4 MGD? The
plant flow is split evenly between two separate flash mixers. The KMnQ, is being
introduced into each rapid mix by its own metering pump. ? (The KMnO4 was made at
the recommended 0.25 Ibs/gal; 0.91mg/L KMnO, per 1.0 ppm Fe; 1.92mg/L KMnQ, per
1.0 ppm Mn)
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ANswers:
Copper sulfate

1l.a.

Potassium permanganate

1.a.

o

N

T S@mhe o0 o

182

— - S@e e a0

117 ac-ft
38.1 MG
105.3 Ibs
60.1 Ibs

277.7 ac-ft
90.5 MG
250 Ibs
171.4 Ibs

334 Ibs
3370 Ibs
3.44 Ibs

2.91%

78.9 Ibs
1.64mg/L
12.67mg/L
5.75mg/L
29.96mg/mL
13.75 Ibs
807 mL/min
2260 mL/min
2667 mL/min

2.9%

64.9 Ibs
2.55mg/L
3.84mg/L
6.13mg/L
2996 mg
16.76 lbs
4961 mL/min
1823 mL/min
911 mL/min

Pre-treatment and Lab
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Section 14

Softening

Lime-Soda Ash Process

.....................

TDEC - Fleming Training Center

Water Hardness

TDEC - Fleming Training Center

Water Hardness

Some textbooks define hard water as
water with a hardness greater than 100
mg/L

High hardness can cause excessive
scaling in hot water heaters, inhibit the
cleaning action of soaps, and cause
problems for industries

TDEC - Fleming Training Center

Alkalinity

The capacity of water to neutralize acids
Expressed as mg/L CaCO,

Composed of the carbonate, bicarbonate,
and hydroxide content of the water

TDEC - Fleming Training Center

184

Caused by minerals such as calcium and
magnesium

Expressed as mg/L CaCO,

TDEC - Fleming Training Center

Total Hardness

Total hardness = calcium hardness +
magnesium hardness

Total hardness = carbonate hardness +
noncarbonate hardness

TDEC - Fleming Training Center

Alkalinity Calculations

The phenolphthalein alkalinity on a water
sample is 62 mg/L and the total alkalinity is 94
mg/L. What is the carbonate alkalinity?

P = 62 mg/L T = 94 mg/L
P is greater than 1/2 T

Carbonate alkalinity = 2T - 2P

2(94 mg/L) - 2(62 mg/L)
188 mg/L - 124 mg/L
64 mg/L

TDEC - Fleming Training Center

Softening
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Alkalinity Calculations

A water sample was determined to have a
phenolphthalein alkalinity of 42 mg/L and a total
alkalinity of 105 mg/L. What is the bicarbonate
alkalinity?

P = 42 mg/L T = 105 mg/L
Pislessthan 1/2 T
bicarbonate alkalinity = T - 2P

105 mg/L - 2(42 mg/L)
105 mg/L - 84 mg/L

21 mg/L

TDEC - Fleming Training Center

Section 14

Alkalinity Calculations

A water sample was determined to have a
phenolphthalein alkalinity of 42 mg/L and a total
alkalinity of 105 mg/L. What is the carbonate
alkalinity?

P = 42 mg/L T = 105 mg/L
Pislessthan 1/2 T
carbonate alkalinity = 2P

= 2(42 mg/L)

= 84 mg/L

TDEC - Fleming Training Center

Hardness Calculations

If the total alkalinity on a sample is 78
mg/L and the total hardness is 86 mg/L,
what is the carbonate hardness?

TA = 78 mg/L TH = 86 mg/L
TH is greater than TA
Carbonate hardness = TA

= 78 mg/L

Hardness Calculations

TDEC - Fleming Training Center

If the total alkalinity on a sample is 78 mg/L and
the total hardness is 86 mg/L, what is the
noncarbonate hardness?

TA = 78 mg/L TH = 86 mg/L

TH is greater than TA

noncarbonate hardness = TH - TA
= 86 mg/L - 78 mg/L
= 8 mg/L

10
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Alkalinity Titrations

Use the following titration results to calculate the
carbonate, bicarbonate, and hydroxide alkalinity:

3.0 mL of 0.02N H,SO, was used to reach a pH of
8.3, and a total of 12.5 mL was used to reach the
Methyl-Orange endpoint in a 100 mL sample.

PA = AxN x 50,000
mL of sample

= (3.0 mL)(0.02 N)(50,000)
100 mL

30 mg/L

Alkalinity Titrations

11
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Use the following titration results to calculate the
carbonate, bicarbonate, and hydroxide alkalinity:

3.0 mL of 0.02N H2S04 was used to reach a pH of
8.3, and a total of 12.5 mL was used to reach the
Methyl-Orange endpoint in a 100 mL sample.

TA =B x N x 50,000
mL of sample

=(12.5 mL)(0.02 N)(50,000)
100 mL

125 mg/L

12
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Alkalinity Titrations

PA = 30 mg/L TA = 125 mg/L
Pislessthan 1/2 T
bicarbonate alkalinity = T - 2P
=125 mg/L - 2(30 mg/L)
=125 mg/L - 60 mg/L
= 65 mg/L

TDEC - Fleming Training Center

Alkalinity Titrations

13
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PA = 30 mg/L TA = 125 mg/L
Pislessthan 1/2 T
carbonate alkalinity = 2P

=2(30 mg/L)

=60 mg/L

hydroxide alkalinity = 0

14
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Softening

How many pounds of lime are required to treat 8.4
MGD with a dose of 16.5 mg/L? The lime is 85%
pure.

Ibs/day = (dose, mg/L)(flow, MGD)(8.34 Ibs/gal)
% purity, as decimal

=(16.5 mg/L)(8.4 MGD)(8.34 Ibs/gal)
0.85

=1359.9 Ibs/day

Softening

15
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How many pounds of soda ash are required to
treat 8.4 MGD with a dose of 53 mg/L? The
soda ash is 100% pure.

Ibs/day = (dose, ma/L)(flow, MGD)(8.34 Ibs/gal)
% purity, as decimal

= (53 mg/L)(8.4 MGD)(8.34 Ibs/gal)
1

3713 Ibs/day

16

TDEC - Fleming Training Center
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Softening

1. On a water sample the total alkalinity was 75 mg/L and the total hardness was
99 mg/L. What are the carbonate and noncarbonate hardness concentrations in
mg/L?

2. It takes 5.4 mL of 0.02 N H,SO, to reach a pH of 8.3 and a total of 11.7 mL to
reach the Methyl Orange end-point in a 100 mL sample. What is the carbonate,
bicarbonate, and hydroxyl alkalinity in mg/L as CaCO5?

3. How many pounds per day of quicklime are required to treat 4.2 MGD with a
dose of 175 mg/L? The quicklime is 85% pure.

Softening 187
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Applied Math for Water

Softening

1. On awater sample the total alkalinity was 98 mg/L and the total hardness was 112 mg/L.
What is the carbonate and noncarbonate hardness concentrations in mg/L?

2. lttakes 3.2 mL of 0.02 N H,SO, to reach a pH of 8.3 and a total of 10.1 mL to reach the
Methyl Orange end-point in a 100 mL sample. What is the carbonate, bicarbonate and
hydroxyl alkalinity in mg/L as CaCO3?

3. Ittakes 4.3 mL of 0.02 N H,SO, to reach a pH of 8.3 and a total of 8.2 mL to reach the
Methyl Orange end-point in a 100 mL sample. What is the carbonate, bicarbonate and
hydroxyl alkalinity in mg/L as CaCO3?

4. How many pounds/day of quicklime (CaQ) is required to treat 6.4 MGD with a dose of 148
mg/L. The quicklime is 85% pure.
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5. How many pounds/day of soda ash (Na,COj3) would be required to treat 7.3 MGD with a
dose of 29.8 mg/L?

6. It has been calculated that 112.5 mg/L quicklime (CaO) and 38.6 mg/L soda ash (Na,CO3)
are required in treating a certain water. The quicklime to be used is 92% pure; the soda ash
is 100% pure, and the plant flow is 1.6 MGD. How many pounds per day of quicklime and
soda ash should be used?

Answers:
1. 98 mg/L Carbonate hardness
14 mg/L Noncarbonate hardness

2. Carbonate = 64 mg/L as CaCO;
Bicarbonate = 37 mg/L as CaCOg3
Hydroxyl = 0 mg/L as CaCOs

3. Carbonate 78 mg/L as CaCOs3
Bicarbonate = 0 mg/L as CaCO;
Hydroxyl 4 mg/L as CaCOs3

4. 9,294 Ibs/day

1,814 Ibs/day

6. 1,632 Ibs/day quicklime
515 Ibs/day soda ash

o
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Temperature Conversions

1. 215°Fto °C

2.34°Cto °F

192 Temperature Conversions
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Temperature Conversions

Convert these temperatures:

Remember formulas on page 1 in your formula book
C = 0.556( F—32)
F = 1.8(C)+32

1. 160 Fto C

2. 710Fto C

3. 35Cto F

4. 455Cto F

Answers:
1. 71.1C 2. 211 C 3. 95F 4. 1139 F

Temperature Conversions 193
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Answers
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Solving for the Unknown

Basics — finding x

1.

196

8.1 = (3)x)(1.5)

A= (05)(x)
8.1

4s = X
1.8 = %

(0.785)(0.33)(0.33)(x) = 0.49
(0.08548LS) () =044

0.44
X= 6.68548L5
%= 5.3
233 = 44

233 = () (x) .

333
gy = X
S.94 = b3

940 = X
| (0.785)(90)(90)

q40 :'“Ta%T'

) Q"llo Q% N

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

_ 4198.3

* =7 0.8

x= B35l

. 56.5 = 3800

x)(8.34)
2800
NEP By)(834)

¥z 8.,0L

. 114 = (230%1.15)8.34)

(0.785TOW70)(x) :
X= (230)(1.15) (B3
(018)C10) (1oYW

l)\: O -0051

. 2.=_X-

180
((180) = ®
130 = K

. 46 = (105)(x)(8.34)

(0.785)(100)(100)(4)
- (
Qe = '-lOO -
L&mtgmoo\ @15

gien = ¥
1Laa. U =

10. 2.4 = (0. 785)(5)(5)(4)(7 48)

CRMEVE (one's)(s)CS)( W(Lug) |

x-mm%).&s)m_um

X =MD




11. 19,747 = Q0)12)(x)(7.48)
19 1= (195.23(x)

Aa9
inas.3 = ¥
10.49 = %

12. (15)12)(1.25X7.48) = 337

(D0D0B) _ y

337

.99 = X

13, x =213
(4.5)(8.34)

y= (213)(4.5)(8.34)
X= 1993, 89

14. X =24
246

= (9.4)(quy)
Y= 590 .Y

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

(Y5003,

(0'18)(8.3"0
A817 = X

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

(0.785.)(x) o ,
(6:185)(Q3.4)
49035 = %
17. 109 = X
(0.785)(80)(80)

(169)(0.7185) (8D (80Y = X
TRININER

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

X = 3&&0
(3.7)(8.3¥)

= 77

19. 2.5 = 1,270,000
X

x= 1970000
S
% =508,000

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

v 62492,
AT (1986) (6.5 E 3

- O
X2 R
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Finding X
21. (0 785)(D2) = 5024

TS
40"‘ =4 LY0O0
D= 80

. (x2)(10)(7.48) = 10,771.2
(x“X‘m %3 = 10171, 9

(x2) = 738
¥ =14y
*» = 13

23. 51 = 64,000
(0. 785)(D2)

D? = GRIaassy
TDT=11598.
D =39.98

24. (0.785)(D%) = 0.54

0%= 2355
D3 =10.,879

N= 0.899

25. 2.1 = (0.785XD*¥(15)(7.48)
- (0.785)(80)(80)
a.l= Soag
(2.15(5030) = (88.67T1(D?)
@Q0aW) . pA
8.0 :

¥119.786 =1D*?
10,44 = D
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Percent Practice Problems

Convert the following fractions to decimals;

. % O5
2. % 0.wad
3. 0w 0.35
4 n o 0.9

Convert the following percents to decimals:

0 35
S T557F 0,35
o A gag

7. 0.5% -Q"'S'—/oo - O- OOS

o, Q0.
8. 0% 750 < 0.300

Convert the following decimals to percents:

9. 065 (0.5 Y(100) = L5 %
10. 0125 (0.12550100) = 12.5%
1. 10 (1.0)Cloo) = 10090
2. 005 (0.09)(100) = 5%0

Calculate the following: ™ of * weans mu\-Hp\.j) 18" means equel to
3. 15%of125 (0.18)(12%) = 18.15
14, 22%or450 (0.992)(VB0)= 99

15.  473iswhat%or23657 W13 = (%)(2388) — 2345 = ¥

16, 13iswhat%ores? 1.3 = (x){6.5) 0.9 =X
13 (0.9) (160) = %
L.s =X 0% = X
0.9 =X

Q0% =%
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| APPLIED MATH FOR WATER
AREA, VOLUME, AND CONVERSIONS

Area

1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ftz.
A = length * Width
= (ug 04)(1f1)= 5up §4°

2. Calculate the surface area of a baain which is 90 feet Iong,', 25 feet wide, and 10 feet

deep.
= (qo £ (55 £4)
A= 9350 £i°

- 3. Calculate the cross-sectional area in ft? for a 2 ft diameter main that has just been

200

|aid.

A= (e (DY
m = (,@n%‘)(gs;n(ae“)
Ay 649

4. Calculate the cross-sectional area in ft? for a 24 inch diameter mam that has just

been laid. gqml \h = 18

T |
= (08 G
A=2.14 8y3

5. Calculate the area (in ft?) for an 18” main that has just been laid.

B/n=15H

A= (0‘\86")(\ ei;%‘)(\em
A= 1TT60

6. Calculate the cross-sectional area (in ft?) for a2 inch line that has just been laid.
9/\g= 0.\ul £

A =(06.189)0. bk #(0. LU Pq‘)
ﬂ 0.09 43



Volume

7. Calculate the volume (in ft®) of a tank that measures 10 ft by 10 ft by 10 ft.

= (L)W
vot= (e SN0 §) = 1000 $4°

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

g0l = (99 SN T (5 §y)
vol = (1810 £43) (.18 ¥4 /gai)
Nol, ool = 4050.8 gal

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

vel, god= (381 £)(6a §)(8 8 (18 ¥4 /oet)
| = 435390.08 gal

" 10. Calculate the volume of water in a tank (in gallons),'which measures 12 feet long, 6
feet wide, 5 feet deep, and contains 8 inches of water. 8 /192 =0.bL b £+

\ o\,%Q\ = (1INGE N0 B (O 18 $3/ 30(’)
= 3G9,9 %&\

11. Calculate the maximum volume of water in gallons for a kid's swimming pool that
measures 6 feet across and can hold 18 inches of water. 18/15= 1.5 1

o= (0.185) (D) (deptn)

vol = (618 (LN (L1585
Nol =(143.2 §¥3) (118 $43 Joo1) = 3108 %aﬂ

12. How many gallons of water can a barrel hold if it measures 3.5 feet in diameter and
can hold water to a depth of 4 feet?

Vol opl= (071853, 58 (3.5 E(UEN) (14843 /op)
=287.70 gab |
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13. A new water main 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? %O/\’&-’— 0.9 £y

(0.9 m) (5280 & /i )= 1390 §4

vol, gol = L0.71885) (3.5 $1)(2.514)(1330 $4) (1.48Mg01)
= Y@uu5.25 %a\

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

(3,000,000 01} (0.09) = 150,000 opl

15. What is 5% of a 1.2 million gallon tank?

( \.amcﬁ (0.05)= 0.0 mcn#

Conversions

16. How many seconds in one minute?

L0 Seconds
17. How many minutes in one hour?
L0 rninudes
18. How many mmutes in one day?
| &Lﬁ\ha 0l \YRe o
- fu e .
19. Convert 3.6 ft3/sec to Q%s. :
3.L03 ] laal
sec | LAsfE - 0.ug9al
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| 720. Convert 2.4 ft3/sec tci gpm. I
seC | \min [UBHF 12,559 e

21. A treatment plant produces 6.31 MGD. How many gpm is that?

o210 | Ve | Ve | 1000000000 - 38| au oY, .
dey | Bk hsm\n Ve i

22. A pump delivers 695 gpm. How many MGD will that be?

im%_%gi.*-mumiaqw RO
ey | Ve I\Q\Q\f |\006060%@& \"OOQB“\GD

23. How many pounds of water are in a tank containing 800 gallons of water?

| 36_003@&_{_%&%@: L9 1o

\ 90\

DONT THINK TOO HARD ON THIS ONE...

24. If you double the size of a pipe, does it double the volume that can be carried? For
example, if you have 1000 feet of 12 inch line and you replace it with a 24 inch line,
does your volume double? ' |

12 inch | |
No\, %Q\ = (008D UEDO M0 N (g
| =0811.8 opl
Mineh
Vol gpi= (03893 FH)(aH)I1000 §N(T.UB)
= 95\-\8‘“\.93{1& o

d \QQ erence

33ug1.8001
587 \.860\

=4 — oo, o\k.\oé\“up\e% i
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APPLIED MATH FOR WATER
DENSITY & SPECIFIC GRAVITY

Density: Weight per unit volume.

2 ways to express density: \o / %Q\
b /g43

Specific gravity: Density of any substance compared to a “standard density.”
Standard density of water: 8 R ?)U‘ lb/gal
L W Y

1. Find the specific gravity for rock granite if the density is 162 Ibs/ft’.

. _density - _wahnd |
%.%. - b'a.‘-\"b!{?@ T wa.uVojpd T 3.l

2. Find the specific gravity for SAE 30 motor oil if the density is 56 Ibs/ft’.

9.G. = 510“3/_\}.\3 = i '
37 Tagmyes - 04

3. Find the specific gravity of dry alum if the density is 65 lbs/ft.

_ _Lsn3
S-9- T Taauvojgyd T |.O4

4. Find the specific gravity for liquid alum that weighs 11.07 Ibs/gal.

o _ Lot /aal
$.Q. = B.3ublgal .3

5. Find the specific gravity for fluorosilicic acid that weighs 10.5 Ibs/gal.

- _105'%/qal
°Q- 7 g.3uv/gel 1.3

28 Area, Volume, Conversions and Specific Gravity
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6.

10.

11.

12.

Find the specific gravity for ferric sulfate that weighs 12.34 Ibs/gal.

_ A9.3u%/gn)
%'%" g‘gqbf/%%ﬂ = \.5

Find the density (Ibs/ft®) of a certain oil that has a S.G. of 0.92.
den%'\h_j__f (apeci Bc____camvihj\(bg__,,'-\“9..[.__’}_’&)
= (0071 0 /g3
=514 Vo /g3

Find the density (Ibs/gal) of ferric chloride that has a 5.G. of 1.140.
| densi’rt\s = (s‘)eci tic grow i‘@ (8.34% /% al)
= (1. 140)(8.34 0 fool)

= Q.5 /g0

Find the density (Ibs/gal) of caustic soda that has a S.G. of 1.530.
density=_(1.530)(8.34 % /g01)
= [2.8 ' /cao&

Find the density (Ibs/ft>) of potassium permanganate that has a S.G. of 1.522.

density= (1592)C6a.4 0 /p42)
= Q5.0 Vb /g4 ‘?’.

A tank holds 1,240 gallons of a certain liquid. The specific gravity is 0.93. How
many pounds of liquid are in the tank?

density = (0.93)(8:34 /gal) =71,71569 /90l
Vo = (11563 ' Jct) (191000
= Qipi71. LA b

Pump rate desired: 25 gpm
Liquid weight: 74.9 Ibs/ft®
How many pounds of liquid can be pumped per day?

Matp | VB3
he [ asgl - 003 /gl

min

Area, Volume, Conversions and Specific Gravity

Section 2

= 0ouBL.29 “D/dmj |

29
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13. A certain pump delivers 23 gallons per minute.

A How many Ibs of water does the pump deliver in 1 minute?
B. How many Ibs/min will the pump deliver if the liquid weighs 71.9 Ibs/ft>?
AK) 834 1 89

Q) LA A&
S [

o= Q.Lul&%‘bl%a&

o A B vUm 291.08 2 /min

14. A certain pump delivers 14 gallons per minute.
A How many Ibs of water does the pump deliver in 24 hours?
B. How many Ibs/day will the pump deliver if the liquid weighs 8.1 Ibs/gal?

W aol |y 8.3\ - Yo
ay o C\Q:j“\“ o \Loe\%u.ﬂ fday

14000 [ WMo min [ B LY Yo
Q) i d&g\\n - = 1300 dog

15. Compare the density of chlorine gas with the density of air. Chlorine gas weighs

0.187 Ibs/ft. (standard density of air = 0.075 Ib/ftd)
0Ag1®[ey® g
0.0-\5\\0[{1%3 .

Cloring %as in 95 Lwws haower Yrom adr

ANSWERS: .

1. 2.6 10. 95 Ibs/ft?

2. 09 11.  9,617.7 Ibs

3. 1.04 12. 360,481 lbs/day

4,  1.33 13. a.  191.8 Ibs/min
5. 1.26 "~ b. 221 Ibs/min
6. 1.48 14, a. 168,134 Ibs/day
7.  57.4|bs/ft b. 163,296 Ibs/day
8. 9.5 Ibs/gal 15, 2.49

9, 12.76 Ibs/gal

30 Area, Volume, Conversions and Specific Gravity



- Velocity and Flow

1. A bobber is placed in a channel and travels 450 feet in 2 % minutes. What is the
velocity of the water flowing in the channel in ft/min?

v e\ T hime

_NE0EY  _ onty
vel = S \80. / o

2. A channel 30 inches wide has water flowing to a depth of 2 feet. if the velocity
of the water is 2.75 ft/sec, what is the flow in the channel in ft*/sec? And gat/mm?

o fnke 250y
Q= (wistw) (dep\m(\:e\acﬁxf)
= (2580 021 M see)
=(13715 543 Jaec) (o) (1.U8)

ERVARTS qpro

3. The _flow through a 24 inch pipe is moving at a velocity of 5.4 ft/sec. What is the
flow rate in gal/min? d4/19= Q ¥+

B=(0.185)(d,1)*(ve )

Q= (O8N (5.4 ¥ /see)
Q= \b.C\B\o\:*B’f%ec

.Q ' M oV/ .
Lo 5| osze 14820l -1,00,5 9%
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Applied Math for Distribution
Flow and Velocity

Velocity

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

- dislonce -_3'104-‘4»
V= \Hmn: N = T rain )85'P+/m\n

2. A float travels 300 feet in a channel in 2 minutes and 14 seconds. What is the velocity in the
channel, f'sec?  Qmin Mgee = A(Lo) + 14 = 134 sec

360 £+
V= S37sec = 9°9*N/SCC

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 f/min? 30 see = 0.5 min

_ o5 f+ _
V= 55 mim = 216 Jmin

Distance Traveled, ft

Velocity = Distance Traveled, ft
Duration of Test, min

= ft/min

208



depth, ft

width, ft

Q = (A) (V)
f/time  (f)(f) (ft/time)

A= (vaidin) (depth)
Flow in a channel

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

Q= (D05 £+)(2.8 F4/sec)

Q= 1.8 T3 /sec

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

Q= (38D QS (1965 ¥/ min) |
Q=2900%43/min — use Plow chart te convert
Q=9.L9 MGD

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

81543 sec = (3P+3(clep+h\(1.5“/sec)

("a‘sxenusﬂ/sec)' depth
184 = dep+h
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Diameter, ft < > - Velocity, ft/time >

Q = (A (V)
£t ftime ff (ft/time)

Q = (0.785) (D) (vel)
ft*/time (F)(fY) (ft/time)

Flow through a full pipe
7. The flow through a 2 ft diameter pipeline is moving at a Velomty of 3.2 fi/sec. What is the

flow rate in cu ft/sec?
Q= (0,189 (A1) (3.9 Y/ser)
Q= (6.189) (U £42) (3.2 /gec)

Q= 10.05 %Y /sec
8. The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec. What is the

flowrate in ft/sec? Lo jnn = O.5F %
Q= (0185)(05)(05)(3 )
Q= 058 ***/sec

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

0.1 sec = (018D (B sec )
Or 'F.! — a
AT Werisec) ~ D
100071528 SID? —— D=0.50§Y = Lin

10. An 8 inch diameter pipeline has water ﬂowing at a velocity of 3.4 ft/sec. What is the flow
rate in gpm? Bin \9‘\‘ = O\

Q= (0.185)(0 L1 §4Y* (3.4 /sec) A = O]
Q= 1.18L2%* /sec — use Plow chort -
Q': 533.4 %Q\/min
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APPLIED MATH FOR WATER
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?

A=()(w) Q= (3N F¥/gec)
CQ: IO,S'?'I'S/SGC

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? 1Zin = ) £+

A= (0789)(02) Q= (184)(1$4)(0.185) (1o T+ /min)
Q= 86,35 ¥1°/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?

18/,0- 1.5
Q=083 (1) (1584 (183 # /min)
- 29).Hb ¥43 /min

231462 | 19890 quou 50 8% /nu,

wun
4. A 24-inch main has a veIOC|ty of 212 feet/min. What is the gpd flow rate for the

pipe? A4 /\g = § 4
Q=(6185)A) (231219 Win) = LS. 18 Mo

LS. 1B 2131440 min |48 gal
o | \doy | §42 '——" \‘IO,\"IQ.H{;)cij‘

Vélocilty and Flow 35
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5. What would be the ngflow rate for a 6” line flowing at 2 feet/second?

%/la= 0.5 £+ .
Q- (6:185)(65)(0.5)(8% fsec) =0.305 hec

Q.%Q\Q“DQ-\SI l'o(‘)serl\\\‘-\bmm l 148 anl _.
sec | win | doy [ ®% ~ 53kl %‘g’c\

6. A 36" water main has just been installed. If the main is flushed at 2.5 ft/second,
how many gallons/minute of water should be flushed from the hydrant?

3\0/\3': 304 | N
Q= (67189)(B3)(E N (35 zec) = 1135 e

1 1.LR8584> leosec |74 =7.OI-QL9 93 gaﬁ/mn

sec | mnin £y

7. A 36" water main has just been installed. If the main is flowing at a velocity of 2
ft/second, how many MGD will the pipe deliver? 3b/lQ = 2Pt

Q= (0185 3H) (38 (3 #/sec) = 11.13 #¥sec

14,13 £33

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? 18/19 = |.H £1 = .._830\!&5' 34 _ 91190 It
Vel = QUA0H [5emin R T
Nel= vag ¥/ qun |
Q = (6:185) A5 (1S H)8 Fhun) = ng.sq;a

R19:5995¢43 | \WOmin | 1. - -
% min | C\&gf ty an Fiow \0‘30000‘39-0 S IMGD
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9. A water crew is flushing hydrants on a 12-inch diameter main. The pitot gage
reads 560 gpm being flushed from the hydrant. What is the flushlng velocity (in

Q = A¥N feet/min) through the pipe? V3 /19 = | £4
Q= SLOYPYmin A= (0. '1853(\%)(\1?” 01852

Q=/3L0ogal\ /.u8acl) _ ¢ \
Min ) e ) = 1188.8 4°/min

11888 F42/rin = (0185 $43) (V)

18883 ¥13/nin
cagstir =V
VELOCITY (OPEN CHANNEL)
10.  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.)

Vel = distance

tme

_300%% _
Vel 1S5min \QO“/W“

=> BI3L.0S ™ /ran

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

T
Vel = 30 vec

Vel= l.%s‘\'\'/gea

12. 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?

Q= AxN
Q= (usH)(a3f+)(Bee Q‘\/?Jmm\)

Q= 1523.33 ¥/ un

Velocity and Flow 37
213




214

Section 3 ‘ TDEC - Fleming Training Center

AQUIFER FLOW
13.  Geologic studies show that the water in an aquifer moves 25 feet in 60 days.
What is the average velocity of the water in ft/day?

14.  If the water in a water table aquifer moves 2 feet per day, how far will the water
travel in 13 days?

‘ () (o). ues

15.  If the water in a water table aquifer moves 2.25 feet per day, how long will it
take the water to move 61 feet?

(b\% (#“i«ﬁ Q7. 11 dmjs

FLOW

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

for that one month? @y /\o= 284

Q- (671855 A4 /gec) = A.10b *¥ge

38 Velocity and Flow
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17.  The flow entering the leg of a tee connection is 9 ¢fs. If the flow through one

branch of the tee is 5 ¢fs, what is the flow through the other branch?

QQQS‘S(‘_QS': L\C’.Q‘S : 5cfscL

9cfs | 0

L7

|

? cfs

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

" 2\64pPm
W58 gpra- 210gpm YoBgpm |\
= a8 gpm Fapm

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

: C\‘ng&‘l 1£43 I min €13 620 gom
® m‘n{"‘; ?.u83al Leosec = 2.098 /see. f U_' 4-ingd‘?a Ll/\.z__-_- 0.2333 54

Q=AM

0098 " Veec= (618)(05%)0 s (ued)
2098 $3¥/sec=(0.10063 H‘)(\ael)
9.038 ¥ zec

i | uagall lnosec
1,281 = (0 195)(0333)%)

(E8F/sec=vel)

/\a =025

A H
910 gpm _'0

Sndl [eha=055

]

& < | Moepm

. 3-india

Q10 -~ g0 = @ 6
240 143 _ LY

=Nel

G.1q63F1*

min [deg! | tosee

_ £43/sec = ((.185)(6.95) (6.35)0)
10,33 j':-\/‘.?,ec,:: VQL) Velocity and Flow 0.1ou0a HH/sec = (0165

@9 9*/sec=%




Sedimentation

1. The flow to a sedimentation tank is 200,000 gpd. If the tank is 50 feet Iong and
30 feet wide, what is the surface overflow rate in gpd/ft*?

QOR= Mﬂ%‘l&.
oven, $42

= 300 - d /pya
Acoconged - 132337 est

2. Atank has a Iength of 75 ft and 25 ft wide. What is the weir length around the
basin in feet?

“weir length= D epai) & I widtn)
= () L‘\%ﬂ Y (D95 8)
=150 $1+50 0y = Q00 ©1

3. A clarifier has a diameter of 90 feet. What is the length of the weir around the
clarifier in feet? |

Weir \er\%‘s\'x (3, lﬁf)(&‘\omﬁeﬂ
= (2, W90 £
= 0892. LY

4, The diameter of weir in a circular clarifier is 105 feet. What is the weir overflow
rate in gpd/ft if the flow over the weir is 1.83 MGD?

WO R = Yiow, Qod
\NeAY ew%’rh?%

" (., \Ln(\osE 04)
= 5580.5 9P4/ ¢4

5. A clarifier is 45 feet long, 30 feet long and 10 feet deep. If the daily flow is 3.5
MGD, what is the detention time {in minutes) in the basin?

5T e = (\0) %m)(wwc\m p vl = WDHO)BOC1148) = | 60%86%
- Flow, gpd ] L\QQ
' g :

= (100980
3500000 6pd

=003 e ) (prmin )= H1ES e
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Applied Math for Water

Sedimentation and Detention Time

‘Surface Overflow Rates (SOR)

1. A tank has a length of 100 feet, a width of 25 feet and a depth of 15 feet. What is the
surface area in ft*?

A=(L, ) (W, £4)
A = (oo £4) (85 %4) |

A= 3500 §£42

2. A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the surface area of the
clarifier in fi*?

A=(0183)(d,8)*
A= (0185)( 89 1) (BRFY)

A=5011 3§49

3. The flow to a sedimentation tank is 3.05 MGD. If the tank is 80 feet long and 20 feet wide,

what is the surface overflow rate in gallons per day per square foot?

O0R = —rdaw 3% day

Qrea, H*

- 3.050,(}()@%9{3[
T (8a5V)(B0F)

= \Q0L.95 9P /p 43

4, 'The flow to a sedimentation tank is 50, 000 gpd. If the tank is 55 feet long and 15 feet wide,
what is the surface overflow rate (gpd/ﬂ: )?

_ 50 ggoégd
S0k (55515 +)

= LB.L1IPY/gy2

44 ‘ Sedimentation
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5.

6.

7.

8.

9.

~ overflow rate in gpd/ft*? ULoo 30.,\ iu \WUO mig

A sedimentation tank is 90 feet long and 40 feet wide and receives a flow of 5.04 MGD.
Calculate the SOR in gpd/ft*.

=9
SO~ Caorn) it

= W00 3P pye

A circular clarifier has a diameter of 80 feet. If the flow to the clarifier is 3.8 MGD, what is
the surface overflow rate (gpd/ft*)?

SOR = ;250 B0

= 150.3797%/¢47
A clarifier has a flow rate of 4,600 gpm and a diameter of 75 feet. What is the surface

= LLAYCOO 3pd

min | day

soa=ma_qom?fpd_
(6:185)(1SFISH)

= 1500. 13 9P4 /¢, 2

A clarifier with a diameter of 55 feet receives a flow of 2.075 MGD. What is the surface
overflow rate (gpd/ft*)?

- 20719000 g?d
~o8 (6189555
= 873.899% /042

What is the gpd/ft* overflow to a circular clarifier that has the following:

Diameter: 70 feet \QE)O '
Flow: 1,950 gpm = O
50 gp . dﬁ\l 80800 %pc\

_ __DBORED og%g;j _ d/
SOR = (0851651 T108) = 130-01 P /Na

Sedimentation 45
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10. A rectangular clarifier receives a flow of 5.4 MGD. The length of the clarifier is 99 feet 7
inches and the width is 78 feet 6 inches. What is the SOR in gpd/ft*?

Tin| o Wi [ EY
- - osemn 0L - o

anQ = D5H00000gpd - od
SOR (99.85833FH)(78.5¢+) LA0.78 37 /p42

Weir Overflow Rates (WOR)

11. A tank has a length of 100 feet, a width of 25 feet, and a depth of 15 feet. What is the weir
length around the basin in feet?

Weir length = 3(Weir length) + 3 (Weic wiclth)

\\\e\r =QUOO-F-|') 1 9(95#-\—): 200 $+ *50 4
950 §1 |

12. A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the length of the weir
around the clarifier in {1?

Weir \en@\rh: (%.N) (Meir diaeler)

(34)(8284)
957.488%+

13. A sedimentation tank has a total of 150 feet of weir over which the water flows. What is the
weir overflow rate in gallons per day per foot of weir when the flow is 1.7 MGD?

WOR- Weir Vet £

=_L300m5pd
\S0 ¢4
- 11,333.33 9% /py

14. The diameter of the weir in a circular clarifier is 85 feet. What is the weir overflow rate
(gpd/ft) if the flow over the weir is 2.24 MGD?

WOR =-Aaaecoged

- Aot TV3 /oy

46 Sedimentation
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15. A sedimentation tank has a total of 200 feet of weir which the water flows over. What is the
weir overflow rate (gpd/ft) when the flow is 2.2 MGD?

WOR == i

1,0009p4 / ¢4

16. The diameter of the weir in a circular clarifier is 125 feet. The flow is 6.33 MGD. What is
the weir overflow rate (gpd/ft)?

O O00GHA
WOR = (3. \Ln(vas;ﬂ

= 1127.2399°4 /oy

17. A tank has a diameter of 49.4 feet. What is the gallons/day per foot of weir overﬂow when
the tank receives 1,953,000 gpd?

WOR= (3.14)(4Q ST

= 19500.58 3P4/ ¢4

18. The flow rate to a particular clarifier is 528 gpm and the tank has a length of 30 feet and a

width of 17.5 feet. What is the gpd/ft of weir? 59 8 1 | \Wuomas
i day ~ 0380 3‘)&

\1\\0 9(304-\3 y a5ty
- B00%.3719¢/¢4

19. The weir in a basin measures 30 feet by 15 feet. What is the weir overflow rate (gpd/ft)
when the flow is 1,098,000 gpd?

Wo

i a3os)+ 2a(\55Y)

= 122009 /54

Sedimentation : . 47
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20. What is the weir overflow rate of a clarifier that is 50 feet 4 inches by 44 feet 3 inches and

has an influent flow of 1.87 MGD? L\/‘a =0 ‘3333?—\— 3/;9 = 095-?‘\’

_ 1870 m?pd
WoR= A(B0.33334H)+ 2 (Uu.351)

- 9885.47 9P4/p4

Detention Time

21. A tank has a length of 100 feet, a width of 25 feet and a depth of 15 feet. What is the
volume in gallons?

o, gol= (L B (WL 84D, $H) (1.u8 3 ¢4)

= (160 D (258D (15 £4) (1. 48 3%/ 239)
= 9 80‘ oS00 %G‘.Q

22, A clarifier has a diameter of 82 feet and a depth of 12 feet. What is the volume of the
clarifier in gallons? '

\lo\, %ct\ = (08 diometer, 1) (Deptn, F) (1.08FYey)
- (6785)(83 $1)(8a (B 1) (U8 FY/exe)

= 473783. 80 %o&

‘-‘_23 A circular clarifier handles a flow of-0.9 MGD. The clarifier is 50 feet in diameter and 8
+ 7 feet deep. What i 1s the detentlon time in hourj

DT= ‘“"‘

?low,

Lo_ﬂﬁs)im&)@m(smh BV QA) — 2 |
Q060,600 gpd 513 hrs

24. A clarifier is 70 feet long, 25 feet wide and 10 feet deep. Ifthe daily flow is 2,780,000 gpd,
what is the detention time (in hours) in the basin?

_ Gos(ose\pen(r.u89Y e2) (9ubd)
81800004gpd

= .13 hrs

25. What is the detention time in hours of a circular clarifier that receives a ﬂow of 3,300 gpm
and the clarifier is 65 feet in diameter and 12 feet deep?

= 060
- Cisesnnau) ol in e

Y153c00gpd
48 - l . 5 0 hrs Sedimentation
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26. A sedimentation tank is 60 feet lpng, 12 feet wide and has Water to a depth of 12 feet. If the
flow to the tank is 21,600 gph, what is the detention time in hours? \ 3 ,_\
D= UeE2Y(19 2461 (148 013) (Qu'¥fa) W—f——“‘m oy
~ Bigucoged :

= D18400gpd
% 2.99 hr
27. A circular clarifier receives a flow of 920 gpm. If it has a diameter of 55 feet and a water
depth of 7 feet, what is the detention time in hours? qcao Wi
OT= (S38Y55HX0IEYTEN.R L)@ Aoy
13348069pd
= \%qaoo%;x!

= 225 hr

28. A clear well is 70 feet long, 20 feet wide and has a water to a depth of 8 feet. If the daily
flow is 698 gpm, what is the detention time in minutes? .

| | hy,
Oih= I S y -
0OBI130gp '=lOO5|90tapc'
(9 OOhr)(bOmth ) - |Q0wun
Answers:
1. 2500 ft? 15. 11,000 gpd/ft
2. 5278 ft? 16. 16,127 gpd/ft
3. 1906 gpd/ft* 17. 12,591 gpd/ft
4. 60.6 gpd/ft* 18. 8003 gpd/ft
5. 1400 gpd/ft® : 19. 12,200 gpd/ft
6. 756 gpd/ftt ' 20. 9885 gpd/ft
7. 1500 gpd/ft* 21. 280,500 gal
8. 874 gpd/ft 22. 473,784 gal
9. 730 gpd/ftt 23. 3.13 hr
10. 691 gpd/f® 24. 1.13 hr
11. 250 ft 25. 1.5hr
12. 257.5 ft , 26. 3.0 hrs
13, 11333 gpd/ft 27. 2.25 hrs
14. 8393 gpd/ft 28. 120 min

Sedimentation - 49
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Applied Math for Water
Sedimentation Practice Quiz

1. The flow to a sedimentation tank is 3.85 MGD. If the tank is 70 feet long and
35 feet wide, what is the surface overflow rate (gpd/ft®)?

SOR = ('IOH)(%;

- 1571.43904 /p42

2. The diameter of the Weif in a circular clarifier is 110 feet. The flow 1s 5.75
MGD. What is the weir overflow rate (gpd/ft)?

_ 575OOQC)%QA
WOR = (3.4)(o+H) .

= b LuUT.37 9% /1y

3. A rectangular clarifier handles a flow of 3.28 MGD. The clarifier is 60 feet,
long, 40 feet wide and 25 feet deep. What is the detention time in minutes?

T = (o666 24) (358 (14A%Y23) (94" /doy Mo ")

3880000 cspd

= 1977.62 nun

50 Sedimentation
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4. A circular clarifier receives a flow of 3,472.2 gpm. What is the detention time
in the clarifier (in hours)? The clarifier has a diameter of 62.5 feet and a depth
of 2] feet.

DT= (0189 (62.5 M) (LASH)01(1. 483%er) (94 /d)
(3,u19.9% hun) 446™ "oy )

= 9.3) hours

Answers:
1. 1571 gpd/ft’
2. 16,647 gpd/ft
3. 197 min
4. 2.3 hours

Sedimentation 51
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Pumps

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

_ (Sow %p{ﬁ) (head £%)
Whp? 3960 |
(45000ermICIS £4) _ ae
e 8% \“@

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

19 = (How,apra) (hend £
PP T 00) Cpurmp &)

:Q&S_%%n)&lh_‘m -
(2060) (0.8 “jhp

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

M ps — BHP

WP rrotor e £f
- Hohe _ un 1y
.05 U9. 1 hp

4. The water horsepdwer was calculated to be 20 hp. If the motor supplies the
pump with 23 hp, what must be the efficiency of the pump?

| purp eff = Wokec o x\00
orothe np

=—d0hp . yy00-
A3 o

= Bl O%
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5. What is the overall efficiency if 40 hp is supplied to the motor and 26 hp of
work is accomplished? '

erall off_Woker b
e B motor g %100

:_M.P_ —
Lo ’hp X100 = \950/0

6. Given that 30 kilowatts (kW) powe'r is supplied to a motor and the brake
horsepower is 31 hp, what is the efficiency of the motor?

SVAW /i v frp = U355 hp

- 3lbp O="1 ©
otor eff= P 10 L%

7. A pump is discharging 1200 gpm against a head of 55 feet. The wire-water- |
efficiency is 75 percent. If the cost of power is 50.038/kW hr, what is the cost of
the power consumed during a run of 105 hours?

M a%((fu‘?‘,!"\;fﬁ;‘?@(??‘éiﬁ& M TR TR
Cost, ¥ e = (naPd(0.74L YW /e eost, B/Ki-hr)
= (29990 (0106 W frp)(#0.038 /1u-he)
=003 /hr ) (105 hod= Bl 1Y

8. What is the horsepower for a motor that is rated at 55 amps and 440 volts?
np= L—dﬁ:}m\’ )
B R PR

~ (UU0) (55)
THe W /p

- 33‘-?\ \r_\p
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9. Determine the power factor for a system that uses 4971 watts and pulls 12
amps at 440 volts.

wolls
(voWs ) (amps)
___Ho0l - Qo
- (Mue)(19) !

~10. If a single-phase motor pulls 15 amps at 220 volts and has a power factor of

p.-

1.2, how many kilowatts of power does it use?

_ Moo ps)(p. 8.
o= BTSRRI
_ (9300sY L)

1000
=2.06 KW

11. How many watts of power does a three-phase motor use if it pulls 30 amps at

440 volts and has a power factor of 0.937

wots = (Yolts)amps) (p.§.) (1139)
= (We)(30)(6.03) (1,732
= AALY.03 mG*\*S
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APPLIED MATH FOR WATER TREATMENT
PUMP HORSEPOWER/EFFICIENCY/COST/MOTORS

HORSEPOWER

1.

228

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?

\)\\HP:.MW)
- (Boooopm(a5) _ 18,04 hp

T 3o

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

WNP-(=agprp(ants)

= B.LDl hP : ‘\i:

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? - :

_ o)
s (200gm(ladtt)

= 7.39 hp

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

_ L
WP = {8500
= 4.87 hp

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

i

_ (835q,m)(35.
WP (825gpmlG0.0H)

="1.51 hp
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6. What is the water horsepower of a pump that is producing 1,523 gpm
agalnst a head of 65 feet?

WHP = _E%pm)_uaiﬁ_

= 35.0 hp
EFFICIENCY

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

BHP:(S%:O)? Pump eff.) '

- (Blbopm) (ASEH)  _
(3966) (O.€5) = 0.1 hp

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?

C
BHP= Bgtpo)co 70)
= bl hp

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

efficient?
_ _BHP
NHP = motor eff

=—330e - 3889 hp

10. The motor nameplate indicated that the ouiput of a certain motor is 20 hp.
How much horsepower must be supplied to the motor if the motor is 90
percent efficient?

_ aﬁho
ARP= 0.90

= 99.99\047

€0 ' Pumps
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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, what
motor horsepower will be required?

\p-__BHP - Wup
MRP Trororeffs O Brp pump eF¢ |
= 25hp - [5.63np -—2be_ ) 95hp

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

BHP= —‘LliP—— MU P= JibP
=-715hp> '=\23f5\WF’

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?

Pump eff = M'L %100
Jém +i00= 88.1%/o

dlhp
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?

Overolleff=JahP -
Net NP ¥\00
= 18:5hp 1450 -58.4%

35w
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? 2 \ P
Motor eS8 = _B]\f\ii% ¥\00 ion%m
| = JL.OS5HP

ﬁhb? %100

41.555hp
= 49719%
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16. Suppose that 10 kilowatts (kW) power is sup'plied to a motor. If the brake

horsepower is 12 bhp, what is the efficiency of the motor?
motor eff=tahp o\ l NN

13,40UBhp .
= \%.‘-\0'-\8\'\9

PUMPING COST

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

Cost ¥ /pr = (MRPY (O TMEWW /o) (CostB fryine)
= (3Ahp) (O /) (50,08 /o )
=89.33 / e

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

“cost = (30np)0ULHWig) (80,05 /xw-he)
= B9 /hr

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?

cost = (35hp)ONNKY /i) B0. 05K -br)
=Bon e ) (i)

= 8,53

62 Pumps
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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? M P :_Q.QO%MDM = 25.71930 1

(20u0) (6.10)

Cost=(357103Np) (0146 ¥ /1p)(0.035 /K1)
6048 /or) (BoNrs) |
#33.u8

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

MHP= -B3he _ g\ oomnp
;;COS’tﬂ(?L\;QQ_Qjhp\(OTlLllo‘fwhp)(ﬁOO S /¥whe)
80.29Y /hr) (gy ¥ lday)

= ¥5.15 /day

22. A pump is discharging 1500 gpm against a head of 80 feet. The wire-to-
water efficiency is 68 percent. If the cost of power is $0.035/kW hr, what is
the cost of the power consumed during a week in which the pump runs 90

U P (1900aomd (BOEY) YU SL33hp

(30L0)(0. L8)

 cost = (44,5633 hp) 0104 ) B0 035/xM)
o ?(3.\ A /w) (A0 v )
Hou.ng

MOTORS

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

1= Qo) omps)

RCAS

_(WBe)
= 2.2%3np

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

volts?
' _ Quue)(19)
Hp= R

= 1.08%wp

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

volts?
_ LL\QQ\ ()
HP= 54,

= Q.U4hp

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?

Wodtts = (Vo lts) Camps)(power ?ac’(or)
= (WovoWs)(\aomps) (1)
= \320wWohe

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

Wots = (23070 M)\ Oumps) (0.8)
= 2\Q wotts

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?

wotle = (\\C) vo\te)(\2 Oumps) (0.3)
= 301y WOMS

64 ~ Pumps
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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?

wotte = (Nolts) (amps) (power feckr) (1132)
= (UU6) (90) (0,85 132)

=19,055.3bwe s

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?

WO - (U)1AY (0.9 (1.730)
= 27434, 88 wetts

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?

W = (iottsXarops) (o8)(133.)

\COO WO [ X

1600

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

.— Walts
Powes tackors (voia) (amps)

__3819 -
(yquo) ) 0.8

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

power Fodor = 340
(uys)(1o)

=0.9

Pumps 65
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APPLIED MATH FOR WATER TREATMENT
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?

%a\/w“zﬂ}ﬂ.o_%m - \ST.U%?W\

LO MiN

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&80%@
%0\/‘“\"_ Bomin

= 129161 gpen

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?

Vol = (0:185)(508+)(508) (-.384)
= (190155 T8 (1. UBFe¥)

D
> = 5uz .5 9ol
N
N~

\2 0 Ui
6 ft

231t {

%Q\/m‘m = 1459.L3 gpm

Pumps 67
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4. Atank has a length of 12 feet, a depth of 12 feet, a width of 12 feef, and has water
to a depth of 10 feet. If the tank can be emptied in 1 hour 37 minutes, what is the
pumping rate in gallons per minute?

Vol gal= (945 (1 #0084 (1.489%Y/¢43)
| =loTl.agal

a1 min

3Yin = W04 qem™

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.

No\,qot = (R GOt (BFC1UY™ /pys)

= 3790q0)
10.9min

%\/mm = 350. quPm

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?

30\/ min = _u;ﬁa_\_%m_

Lomin

68 Pumps
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TR PR SRR T

7. A wet well is 15 feet long and 12 feet wide. The influent valve to the wet well is
closed. If a pump lowers the water level 1.25 feet during a 5-minute pumping test,
what is the gpm pumping rate?

Nol = (1581) (1254 (1.958 1) (1.u89°Y/g48)
= L83 gl

5min

%Q\/ tin = 33b.Lgpm

8. A pump is discharged into a 55-gallon barrel. If it takes 35 seconds to fill the
X . ) 5 )
barrel, what is the pumping rate in GPM- 35 /LOO =0.% 8 33 nin

W o= 6.68§8W\ih

=Qu. Qqcﬁvm

9. A pump is rated at 300 gpm. A pump test is conducted for 3 minutes. What is the
actual gpm pumping rate if the wet well is 10 feet long and 8 feet wide and the
water level drops 1.33 feet during the pump test?

\o\,00\= (1051 )(8F(133 T4 (LUB I /p43)

- 105.81906)
3 i

%0\/‘“‘“___ dL5.89 gpm

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

&w%ﬁ\/m\nzﬂ&f%ﬁl = X '-'—%%%@%

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

to remove all the water? \
_ 028902808y Qua¥ilys

o\ .
= Bl Ay co
515 gpm
= 14 8 min
ANSWERS
1. 157.6 gpm 9. 265.3gpm
2. 122.7 gpm 10. 60 minutes
3. 452.6 gpm .
4. 111 gpm 11. 15 minutes
5. 356.2 gpm
6. 188.7 gpm
7. 336.6 gpm
8. 94.3 gpm
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Applied Math for Water Treatment
Pump Math
Extra Problems

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

pump e £8 = ':E\J'E\\?— ¥ \00

o 11.3%

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

motor eff= ggt\\g ¥ \OO

= BLY%

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

H
0.8 =—5tve

(0.82)(35np) = BWP

23.95= BRP | g
4. A total of 50 hp is supplied to a motor. If the wire-to-water efficiency of

the pump and motor is 62%, what will the Whp be?
WHP = (50hp)(0.1L9)

= 3\hp

5. The brake horsepower is 34.4 hp. If the motor is 86% efficient, what is
the motor horsepower?

MHP = S48hp

0.8L
= Uohp

Pumps 71
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6. A pump must pump 1500 gpm against a total head of 40 ft. What
horsepower is required for this work?

= \S. \Bhp

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

BHP '—_-(Qéhp) (0.85) =17 \'\P
WHP = (1) (0.80) = 13.Lhp

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

BHP=-2Sbp
=UL8he

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

L\S 1\
\ hp | \000Wats

1

= 32.5TKW

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

Cost = (15hp) 01 M fop)0.01195 fwne)
=(832.43 /) (udinr)

=403.u8
5 77% 5. 40 Mhp 9. 33.57 kW
6. 86% 6. 15 Whp _ 10.$493.48
7. 22.25 Bhp 7. 17 Bhp, 13.6 Whp
8. 31 Whp 8. 41.2Bhp

72 : Pumps
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Disinfection

1. A treatment plant wants to have 1.4 mg/L residtjal chlorine in the‘distributioh
system. Due to a main break the demand has climbed t0.0.8 mg/L. What is the
required dose?

dose = -dem&nd. ¥ residuol
=1.4™9 [+ 0,8 ™9 /L
=3.879 /v |

2. A city has a combined residual of 0.5 mg/Land a free residual of 1. 8 mg/L
What is the total residual in mg/L?

Yotal= Combpined ¥ residuol
| -—OSWS[\_%\BWC}/L,
=23 ™M L

3. A water piant treats 4.3 MGD. If the chlorine dose needs to be 4.5 mg/L, what is |
the chlorine feed requirement in Ib/day?

" /day = (doge ™3/L)(Flow, MGDI(B, 3o fga)
= (1,579 /(4.3 DX(8:34 % [gal)
=128 Yo

4. Determine the chlorine dosé in mg/L if 17 Ibs of chlorine are fed while treating
1.3 MGD of water.

_ feed m%e.‘b [doc
C\G&Q,“B/L (Q\G\N; M&Dﬁ(&iﬁ\b/ 801\)

_ 17 b _
O (LaMED(8RY) 157™9 /1

5. How many pounds of 65% available HTH is needed to make 4 gallons of a 7%
Th Vs = MW% &
b WTH

- (0.01(4 30 D(B.34° j9al)
0. LS

= 3.59 . N om




6. How many gallons of bleach (12.5% available chlorine) will it take to make a 5 %
solution when added to enough water to make 50 gallons of hypochlorite?

o = (e e des. ol
eochpt % o\eoch

(6.0)(50901) - 90 80_Q
0.185 -

7. A water plant has just switched from sodium hypochlorlte to chlorine gas. If
they used an average of 32 gal/day of 15% sodium hypoe%'orlte how many

pounds per day will they use of Cl,?

chtorine. = Conoil e (o) (8.2 \\0/%@&\)

=(0.5)(23 oD (8,34 /g01).
=40.03 Vo

8. A chllorine_ cylinder weighs 150 pounds. Twenty four hours later the same
cylinder weighs 103 pounds. What is the chlorinator feed rate in lb/day?

15010103 Yo = 47 b /oy

a. Estimate the chlorine dose in mg/L for the chlorinator. The flow totalizer reads
13, 597,405 gallons and 15, 078,687 gallons 24 hrs later.

DS08R %&\ 130714065 gol = \“\%\8%3 %Q

d%@ L= ‘\\bldﬁ =2 ™M
dose, ) TETOCED =389/

b. If the setting on chlorinator does not change how many pounds of chlorine
will be left in the cylinder 2 days later?

(4 Vo c\o@ (d doy)= auny,
\02 Yo- 81 \p = L \o

c. How many 150Ib cylinders will this plant need ina month (with 30 days)?

(i Yo )C\Cx\.p (26 dmﬁ

” Mol _ |
\50eytinder AN =>10 %\“ﬁers
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APPLIED MATH FOR WATER
DISINFECTION MATH

DOSE & DEMAND
1. A water system has a chlorine demand of 4.1 mg/L and wants to have a 1.1
mg/L residual. What would be the dose?

demond = dose- residual
LA™Y/~ dose - LA ™9/
HA™ L+ 1.1™8 /L = dose
5.99 /= dose

2, A city wants to have 1.4 mg/L chlorine in the distribution system. Due to a main
break the demand has climbed to 1.0 mg/L. What is the residual?

demaond =dose - residuol
LO™MY /L=t U™9 /. - cesiduad
L4™9/L-1.0"9 L= residuod
- oM™ =

3. A system just had a main break. The chlorine level of 3.3 mg/L has dropped to
0.3 mg/l.. What is the chlorine demand?

| devond=3.3™ /-0 /|
= ?).Om‘a /L_

4. A city doses the water to have a residual of 1.9 mg/L. The demand has risen

because of a main break to 1.8 mg/L. What is the free residual?

reaiduo'\= doge- devrond
=10 -\8

= 0.\™/

5. A city has a combined residual of 0.2 mg/L and a free residual of 1.7 mg/L.
What is the total residual in mg/L? '

Aekal vresidual=combpined ¥ Tree
=0.9M9) x \fl‘“‘j/,_
= 1.9 hna /l_ 77
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6. The total residual in a clearwell is 2.7 mg/L. If the free residual is 2.5, what is
the combined residual?
2719 /| = combined + 259 /L
97-95= conpined
0.9/ = Combined
7.

what is the combined residual?
059 /| =combined + 2.9%9 /)
95-9.9 = combined
0.5 /L = comboined

The total residual in a the clearwell is 2.5 mg/L. If the free residual is 2.2mg/L,

DOSAGE
/\

) 8. A water plant treats 7.5 MGD. If the chlorine dose needs to be 3 mg/L, what is
@) the chlorine requirement in pounds per day?

feed rote ,‘b/day = (dose)(R\ow)(8.3u % /%QO
= (29 / ) (1S MED)(83U% gal)

187. b5 \b/AQLd

9. If the water plant treats 1.8 MGD and wants to dose the water with 2.8 mg/L of
chloring, what would be the Ibs/day feed rate?
Yo/day = (28™3/L)(18 M&D5C8-3q‘b/c3a0
=4.03 “D/AQ\I
10.

How many pounds per day of chlorine are required to treat 14 million gallons of
water with 3.3 mg/L of chlorine gas?

C\, =\00% purity
Yo/, (2.3™9 /L)(IQMC;D)(B.?:L\“D/QQ\)

= 385 3\ \b/AQt)

78
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11.  Determine the chlorine dose in mg/L if 13 pounds of chlorine are fed while
treating 968,000 gallons of water.

doscce - _ Seed vale
ot "Il (Flow }(8.34 el

; \2%[d - 0y
" ABMe8.3Y) Lol ML

12.  Determine the chlorine dose in mg/L if 28 Ibs/day is fed for a flow of 1,750,000

gpd. mg /L B} 28 \bli\!
(1ISMGD) (8.34'fop))

=1.09™9 /,

13. A water plant has a flow of 2,570 gpm. If the chlorinator is feeding 93 pounds

per day, what is the dose in mg/L? 1510 4 .
W\S I = Q'S"b/i{q#_ oin® doy | locooooop
24/
(3.7008 M&D)cs_sq lopi) - 371008 MGD
= 3,0\™9 /|

14.  What should the setting be on a chlorinator in Ibs/24 hours if a pump usually
delivers 600gpm and the desired chlorine dosage is 4mg/L?

'y =(4m8 ) OBUMEDI@I) - Losel Jiomn | ANC
- 3808& \b/Aay = 0.8UMGD

15.  The chlorinator is set to feed 31.5 Ibs of chlorine per 24 hours for a plant flow of
1.6 MGD. Calculate the chlorine residual for a chlorine demand of 1.85 mg/L.

I 1 P10 - e |
e L T e = 236"

dervand = 2.3/ - 1.85"9/,
=0.51™3 /L

Disinfection 79
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USE THE FOLLOWING INFORMATION FOR PROBLEMS 16 — 19:
At 8:00 a.m. on Monday morning a chlorine cylinder weighs 83 pounds. At 8:00
a.m. on Tuesday morning the same cylinder weighs 69 pounds.

16.  Whatis the chlorinator feed rate in pounds per day?

831b-LAlb = |y ‘b/day

17.  Estimate the chlorine dose in mg/L for the chlorinator. The flow totalizer reads
12,982,083 gallons at 8:00AM on Monday morning and 13,528,924 at 8:00AM on
Tuesday morning. (Note: This totalizer does not zero out each morning.)

13,536,034 -12,083,083 = 51Ul 9 /doy
| _ Wb /doy
d03€ = (5 SHLBUIopd B3R

= 3.07 rﬂa /L

18.  If the setting on the chlorinator does not change, how many pounds of chlorine
will be left in the cylinder on Friday morning at 8:00 a.m.?

Qe /do%) (3 e\u%%) =9 \bs
LAB M2V = A \b

19. How many 150-Ib chlorine cylinders will this water plant need in a month (with
30 days) if the chlorinator setting remains the same? '

(14%/454 )(30doys) = W36 tos

420\ \
150 Vb /cylinder = Q % =) 3 C%\\T\AEFS
USE THE FOLLOWING INFORMATION FOR PROBLEMS 20 — 22:

At 8:00 a.m. on Friday morning a chlorine cylinder weighs 298 pounds. That
aftermoon at 4:00 p.m. the same cylinder weighs 216 pounds.

20.  What is the chilorinator feed rate in pounds per day?

8 b -leVo = 8aIb Bine=(10.95"/r ) (945dog)
80 | ~ Disinfection = QU ' /&15
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21. How many pounds of chlorine will be in the cylinder at 8:00 a.m. on Saturday
morning if the feed rate does not change?

3486 - W in = BV

22. What is the minimum number of ton cylinders the operator will need in a month
with 31 days (at this feed rate)?

(3t /) (Rl doug)= Tl 1
Jdols _ Ly
8000 feyirder 3.813 => Ueylinders

HYPOCHLORINATION
23.  How many pounds of 65% available chlorine HTH is needed to make 1 gallon of

. 10% solution? c ; o
- \iTH\ip = {desired C1\(desied vol)(B.34 Pl

WiW onadl ¢
_(o. 1ga ) (8.3
- 0.5

=1.98 b

24, How many pounds of 65% available HTH is needed to make 5 gallons of 18%

solution?
‘ = L b )
N (0. 15)
=11.55 b

25. How many pounds of 65% HTH are used to make 1 galion of 3% solution?

HTH 1)y =L lB3d

= 0.38\b

Disinfection 81
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26.  How many gallons of bleach (15% available chlorine) will it take to make a 4%

solution when added to enough water to make 50 ga'llfons of hﬁochlorite?
Dleadk .‘%ch‘l - G\AY chloring
- (0.09)(50 go)
= = 13.3 8%9-0

(.15

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

= £0.09) (I50a1)(834 lojg))
HTH Yos 0.65 |

= 3.85 Vs

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

bleach, gpl= ~ACE =
= 3.05 8011

29. Water from a well is being treated by a -hypochlorinator. If the hypochlorinator
is set at a pumping rate of 25 gallons per day and uses a 2% available chlorine
solution, what is the chlorine dose in mg/L if the pump delivers 140 gpm?

) - (dechSed)(anil chloxine) in 1,
d X ,m@ /L Srow 5 min day 10000003&1
0
0.80 MG D
= .U8™g /L
30. A water plant has just switched from sodium hypochiorite to chlorine gas. If

they used an average of 26 gal/day of 15% sodium hypochlorite, how many
pounds per day will they use of Cl,?

Chloring Yo = (onoi ! ellarine)(bleoch vol)(8.3u e l@a\) |
| = (0.15)(AP/dow) (8 34 o fepl)
= 33.53\o
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31. A water plant has run out of calcium hypochlorite for disinfecting a storage tank.
If they needed 55 pounds of HTH, how many gallons of 15% sodium
“hypochlorite will they need? ' ,

= (HTHOW Chlring) (HTH, R
blench G0l o ol e (8:34 )

= L0 LB)H5\0)
T (0.18) 8A ‘b/go.l)
= §8.58 goll
USE THE FOLLOWING INFORMATION TO ANSWER #32 — 34:
A section of pipe 250 feet long and 10 inches in diameter is filled with water,
You ne\ed to disinfect ié;vith g g%%zg:% dé)ésg){if 9%% 31 /L. )\0/ \2=0 8333+t
- ,_l Q’. 1] v
Vo, gqal = (0.185) .48 = 1\a.U0A 30&

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

Crarn fed, Vos= (dose Yo V) (B3¢ fgol)
= (50" /. )(0.0016 MG I(8.34Volonl)
= 043108

33. How many pounds of 65% available HTH will be required?

Charn Sed Vg = AoXa0(B.3U)

- Qo)
_ (5™/1X0 .000aMGN(B.84 0 aa)
- 0. S
=05 Yo Wiy

34, How many gallons of 5.25% available bleach will be required?

Ceed vote %G%G\[ = a0l Gl
= M/ conamMe - 3.a7198Y,

.09
35. You need to disinfect a water storage tank that has just been repaired. You
have decided to use AWWA Chlorination Method 3 to disinfect the tank. This
method requires you to make up a 50 mg/L available chlorine solution that will
fill approximately 5% of the tank volume. The tank holds 3 MG. How many
gallons of water and Ibs of HTH 65% available chlorine will have to be added to
meet the above mentioned requirements? .

Nol= 00D * 3006000 opll = 150,000908

HTH e = 0T ANO-BMEIBAN
0405
=9L.93\bs WTH

Disinfection 83
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36. How'many gallons of water and lbs of HTH 65% available chlorine will have to
be added to disinfect a tank that holds 100, OOO gallons using the above
mentioned requirements?

VQ\\(%O.\ =0.05% \OO.‘OOO%Q\': 5000 %0& |

Vo
HTW \bg= (50TO/L 24
_ L5
=3.9\\b s
Answers.
1. 5.2 mg/L .21, 521bs-
2. 0.4 mg/L 22.  4cylinders
3. 3.0 mg/L 23. 1.281bs
4. 0.1 mg/L 24. 1151bs
5. 1.9 mg/L : 25. 0.381Ibs
6. 0.2 mg/L 26.  13.3 gallons bleach
7. 0.3 mg/L _ 27. 3.81bs
8. 188 |bs/day - 28. 3 gallons
9. 42 Ibs/day ' 29. 2.48 mg/L
10. 385 Ibs/day 30. 32.51bs
1. 1.61 mg/L 31. 28.6gal

12. 1.92 mg/L 32. 0.431bs
13. 3.0l mg/L 33, 0.651ibs
14. 29 |bs/24hr ) 34. (.97 gallons
15. = 0.51 mg/L 35. 150,000 gallons, 96.2 Ibs
16, 14 ibs/day - 36. 5000 gallons, 3.2 Ibs
17. 3.07 mg/L ‘
18. 27 1hs

19. 3 cylinders
20. 246 lbs/day

84 Disinfection



Fluoridation

1. A water plant produces 1,750 gpm and the town wants to have a 0.8 mg/L of
fluoride in the finished water. If fluorosilicic acid is used, what would be the |

fluoride feed rate in Ib/day? \)150 qa\l \f%mm{ ootowr;grgm
fead code Yol = (Aose)(S\ow NGON(R. %‘%“’/Da\ fin ™ '
s /Cb o ((\FI)(PUY-\*S) = 0.105MGD |

= (0,89 AXOAEMED) (B34 /a1 — 3,35 Vo
(0.93) (0.793) 09 Hday

2. Awater plant produces 2750 ' gpm. What would be the fluoride feed rate
from a saturator in gpmto obtain 0.7 mg/L in the water?

rote m:MmMM%@Q '
1P \B000Ma /i
- (08D = | 4 orm
18000™9 /1. 1P

3. Aplant uses 90 Ib of sodium fluorosilicate in treating 9.6 MGD. What is the

calculated dosage in mg/L? \)
- (F\ Yos)(AF D(Purity
Yy
A% I = G EDBRD

- (9616)(0.985 (0 ,1067)
@.bmaD)(@.34)

=0.LTMY /L

4. The fluoride for a plant’s raw water source was measured to be 0.2 mg/L. If the
city wants the finished water to contain the recommended amount of 0.7 mg/L,
what mg/L of fluoride should the water plant dose?

Fl= 00™9/L-0.9™9 /v = 0.6™M9 /v
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Applied Math for Water

Fluoride
Feed Rates ' _
l.a. A water plant produces 2,000 gpm, and the city wants to have 1.1mg/L. of
fluoride in the finished water. If sodium fluorosilicate were used, what
would the fluoride feed rate be in lbs/day? . , 3 .
Feod ol By = {ASEISlow MODNBADJga) — mn T o Twangd
' I‘"”N CAFZ ) (purity) = Q.88MED

L.b.

252

- (L™ /)@ 8AMEDN(8.34 ) _ |
- "\3(0.%5)(6.(90‘1) = Hu.19 \b/daY

Give that there are 453.6 grams in a pound, what would the fluoride feed
rate for the previous problem be in gram/min?
Ui\ | \doy | us3bg —
: l = 1309400
doy | \Wuoran [ Vg 34 / nan

A water plant has a daily average production of 695 gpm, and the city wants
to have a 1.0mg/L fluoride in the finished water. The natural fluoride level
is less than 0.1mg/L. Find the fluoride feed rate in Ibs/day using godium

fluorosilicate. a5 i \
bo/y = LLO™MN(L00oBMAM(R3Y) . min | doy  [1occcop
/C\C\V (0.we1) (0.985) = 1,0008 MGD

= 13,90 lb/do'j

If it is known that the plant rate is 4,000 gpm and the dosage needed is
0.8mg/L, what is the fluoride feed rate in Ibs/min using fluorosilicic acid?

b . Ldose)(Plow)(8.340/gal) 2
/mm - (:omom)(AFl)(purHB)

- (0.8[32L!M§Pm)(gsulb ). = A e b
" (1000000) (0:148)(0.93) = 015 /mm
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4, What is the fluoride feed rate in lbs/day using fluorosilicic acid if the plant
rate is 1.0 MGD, the natural fluoride content is 0.2mg/L., and the desired
fluoride content is [.2mg/L? cdose= /.9™M9/L ~0.8™MF /L = 1.om9 /¢

\ (Lo™9 /(1. ) 1o,
®/doy = 6.199)(0.83)
= L\S_\g \b/do.lj

5. If a small water plant wishes to use sodium fluorosilicate in a dry feeder and
the water plant has a flow of 180 gpm, what would the fluoride feed rate be
in Ibs/min? Assume 0.1mg/L natural fluoride and 1.0mg/L is the desired
concentration in the finished water. Adose= LWo-0.1209 ™)/

\b/min =

= 0.00% ' fun

(lm)(o.tpd‘.l) 0.9855

Sodium Fluoride Feed Rates for Saturator
6. A water plant produces 1.0 MGD. What would the fluoride feed rate be

from a saturator in gpd to obtain 1.0mg/L. in the water? M&Ql 1dey | \m%g_

(30‘\/wun - gdgse\(gm.) doy l\qum\n

180007F /o =\Q0. L\Q qp
- “,Q%[L)([nqll.ﬂuﬁgm) |
180009 /i - 0.03
in d03

- 0.03858 gpm™
7. A small water plant has a daily production rate of 180 gpm and the natural
fluoride level is 0.1mg/L. If 1.0mg/L fluoride is desired in the water, what

feed rate in mL/min of sodium fluoride from a saturator must be maintained?

dose=1,0-0.1=0.8™9/L

%‘/Wfﬁ—‘mﬂ@ﬂ%&ml 0.009 gpm

= 553‘0 |

IB0COM /|
0.0 85 L L _ 2y aqmb/
min go\ ‘L ‘31-}.07 /mm

80 Fluoridation
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Calculated Dosages | &_
8. Anplant uses 651bs of sodi orosilicate in treating 5,540,000 gallons of
: water in one day. What is the calculated dosage in mg/L?

m _ L '
= ($ow)( 8.34)

- (LS\pe)(0.eN (0988
(5, 5UMGDI(8.24) 0.84™IA

9. A plant uses 26lbs of sodium fluorosilicate to treat 1,756,000 gallons of
water. What is the calculated dosage for thi§ plant in mg/L?

mg/ _ (A ) (0161 {(0.085)
| L= s meD(8.34)

| = Lob™/L

10. A water plant has an actual production rate of 0.8MGD. If 10lbs of sodium
fluorosilicate was fed in one day, what is the calculated dosage in mg/L?

= Q01)a.M (0 .988)
Q= (08MGDY(8.34)

= 0.A0™I AL

11. A plant uses 431bs of fluorosilicic acid in treating 1,226,000 gallons of
water. What is the calculated dosage in mg/L?

- (43 Y (0,190 .93)
"I/C T T LaaeMad(8.34)

= 0.11™9 /L

12. A plant uses 8981bs of fluorosilicic acid in treatment of 17,058,000 gallons
of water. What is the calculated dosage in mg/L?

Mg/ = (898 1) (0:199X(0 .23)
L= (1088 m&)(8.34)

= " I5 ms /LFluoridation o1
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13. A water plant uses a total of 2,8001bs of fluorosilicic acid at 28% purity
during 4 days to fluoridate 52 million gallons of water. What would be the
calculated dosage in mg/L.?

m - (Qﬂgnb)((‘i.gaﬂﬂ. 199)
/L (5aMG)(8.3W)

\.43™9 /

14. A water plant feeds sodium fluoride in'a dry feeder. They use 5.51bs of the
chemical to fluoridate 240,000 gallons of water. What is the calculated
dosage in mg/L?

m Q SBHQ.QSQ)(Q Q8) .
VL= T o.uMe) (8 .a0

= 1.09™9 A_

15. A plant uses 10 gallons of sodium fluoride from a saturator in treating
200,000 gallons of water. What is the calculated dosage in mg/L?

™9 /. - {aaV'a fed ) (1ROOCAMID

fow, qpd
= Qo qa D GAcoaM/L)
&O0,0CI‘)%Pd

=0.94™M3 /L
16. A plant uses 19 gallons of solution from its saturator in treating 360,000
gallons of water. What is the calculated dosage in mg/L?

17. A small water plant uses sodium fluoride from a saturator at a rate of 1.0 gpd
and the plant treats 4500gpd. What is the calculated dosage in mg/L?

™ j, =LA - g

92 Fluoridation
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Applied Math for Water

Fluoride Practice Quiz

I. A water plant has a daily average production of 1,736 gpm and the city wants to have a 1.0

mg/L fluoride level in the finished water. How many lbs/day of sodium fluorosilicate would
be required to reach this dosage?

N ' o] |
“lim . N Aﬁqﬂmml_:«_\cp
b / d&\l _ (1ma /i )(a.5me.D)(8.34 o jagl) o doy  [\occcooopt

(0.(00‘!)(0-%25) = Q. S0 MGD
= 3u.87 \b/dalj

2. What is the fluoride feed rate in Ibs/day using fluorosilic acid if the plant rate is 1.0 MGD,

the natural fluoride level is 0.3 mg/L, and the desired fluoride level is 1.2 mg/L? q
Vo/day = L ™3/ ay'h dose= \.3-0.3-%/
N (6.798)(0.93) L

= 1.\ /doy

A small water plant wishes to use sodium fluoride in a dry feeder and the water plant has a
capacity (flow) of 220 gpm, what would the fluoride feed rate be in grams/min? Assume a

0.1 mg/L natural fluoride and 1.0 mg/L is desired in the drinking water. ! “\-0.1=0 qmﬁ /L

Vo /15, L0-AM/NOAUAMOD RIGlal) |
. /A"% (0.u59)(0.4985) W I‘ \MG
=5.34"/day  =0.3168 MGD
Yam _ (5.33“3@;,)(%3,!03@“@ |
% /mm ) | \Wuo m‘“,gm!
=1, LB 3 un
o Fluoridation
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4. A plant uses 69 lbs of sodium fluorosilicate in treating 4,950,000 gallons of water in one
day. What is the calculated dosage in mg/1.7 ‘

- (LAY (6.1 (0.985)
TN (4.05MEDY(B.3U)

= [.0o™M9/L

5. A water plant produces 0.75 MGD. What would the fluoride feed rate from a sedium

~ fluoride saturator be, in gph, to obtain 1.0 mg/L in the water? 0 ola '
qal frvin = L)(53 day I o e i Mer?
nan ~ .
!
| 8,000M3/L. _ 580.8363Pd\
= 0.098035gpm

0\0 \ o \ |
0038935601 o0 tin - 1,714 §0l e

Answers:

1. 34.9 Ibs/day
2. 41.2 lbs/day
3. 1.7 grams/min
4. 1.0 mg/L

5. 1.7 gph

Fluoridation 85
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Stabilization

~ 1. Calculate the Langlier index for a water sample based on the following

information: |
" S pHs= AR \O% Qz)-\o% o\
‘temperature=  20°C A= .M =.04r4N9-1.65-2.93
TDS = 100mg/L B=A915 =71 . b
calcium = 90 mg/Las CaCOs~ |,G5 '

alkalinity = 170 mg/L as CaCO;— J.93
LT = pH- pHg
= 1.8- 1!

= 0.\9 — \f\on—ag%resswe. -

2. Calculate the Aggressive Index for a water sample based on the following
information:

total alkalinity 100 mg/L as CaCO,

calcium = 65 mg/L as CalO3
pH = 72
AL = pW+ \08 Co b '\o% otk

=7.91 d+ 1.8\
= 11,01 — roderately aggressive
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Applied Math for Water
Stabilization Math

Langelier Index — Determine the LI and the corrosive characteristics:

1. Calculate the Langelier Index for the following information:

pH = 765 - - -

temperature = 15°C }Q: 2.19 P \-\3'— A-\B \08 (CG) \03 (O\K)
DS = 200mgl B=9.8 =2.19¥A8-1.9-3.0

Calcium = 80 mg/L. as CaCOs = |90 -

Alkalinity = 100 mg/L as CaCOs = 3.00 = 8.0

= 7.L5-8.09
= =0.37 =>moderptely
resk

ive
2. Calculate the Langelier Index for the following information:
pH = 7.4
temperature = 20°C A=z9.04
TDS = 200mg/L @ = 9.8
Calcium = 80 mg/L as CaCOs = 1,90
Alkalinity = 100 mg/L as CaCO3 = 8.0

PHs= .04+9.8-1.90-9.00 = 1.9Y4

LT=T7.4-71.94 = -0.54
maoderate 13‘

O.ca ressive
3. Calculate the Langelier Index for the following information:
pH = 74
temperature = 20°C A=9.0d
TDS = 400 mg/L. B= 9.8
Calcium = 100 mg/L as CaCO3; = Q.0
Alkalinity = 100 mg/L as CaCOs = Q.6

pHg=9.0U4+386-3.0-3.0=71.9

LT=T1,4~-7.9=-0.5
| modertely
102 Stabilization ouacaressive ‘_
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4. Calculate the Langelier Index for the following information:

pll = 70 A=3.19
temperatyre = = 15°C | 8 - 9.8

TDS = 200 mg/L -

Calcium = 10 mg/L as CaCOs log Ca=1.O
Alkalinity = 10 mg/L. as CaCO; lo 9 AVK - 1.O

pHs=9.19 +a.8-1.0-1.0 = G,Q9

LT =77.0-Q.99= -3.99
hi%h\tj o%res%i\le

5. Calculate the Langelier Index for the following information:

pH = 7.6 A=148
temperature = 25°C B8=9.80

TDS — 400 mg/L ~

Calcium = 150 mg/L as CaCOs ‘C‘g o= .18
Alkalinity = 170 mg/L as CaCO; \08 AL = .93

pg= [.9849.80-3.18-4.83= 1.43

L L="1.6-143=0.17
Non aggressive

6. Calculate the Langelier Index for the following information:

pH = 86 A=a.lad
temperature = 15°C _

TDS = 200mg/lL BR= 9.8
Calcium = 50 mg/L as CaCO; 1o Ca = 1.710
Alkalinity = 100 mg/L as CaCO; 9

\09 alk = Q.00
pHg = 9.19+2.8-1.70-9 = 8.9

LT=8.b-859=0.38
| non‘~o(33resswe

Stabilization ' 103
260



Section 8 TDEC - Fleming Training Center

Aggressive Index — Determine the Al and the corrosive characteristics:

7. Calculate the aggressive index for the following information:

Total alkalinity = 100 mg/L as CaCO;  log alk= 3.6
Calcium = 70 mg/L as CaCO; -
pH - 76 log Co.= 1.84

AT= pH \og(‘,ai- {o%OW\
=Lt .84 +49.0

= LU noderptely
ogQressive

8. Calculate the aggressive index for the following information: ‘
270 mg/L. as CaCO; !og olk = 2.43 |

Total alkalinity =
Calciu = 200 mg/L as CaCO
.p}alm m - 2! mg/L as CaCOs ‘108 Caz= 9.306
AT ="1.23+2.43+2.30
= 19.03

non -a%ress‘we

9. Calculate the aggressive index for the following information:

Total alkalinity = 100mg/LasCaCO;  log alk= Q.00
glz_lllcmm . z %mg’l as CaCOs lcg Co. = .70
AT ="1.9+2.0+ 1770
= 10.9
moderaJrelS
O&ag re3sine

10. Calculate the aggressive index for the following information:

Total alkalinity = 100mg/lLasCaCOs  logQlk= 2.0
Calcium = 70 mg/L as CaCOs3 _ l 8 4
pH = 72 log Co.= 1.

AT = T1.9t9.0t 1.84
= |lLod4  moderately oggressive

104 Stabilization
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11. Calculate the aggressive index for the following information:

Total alkalinity = 100mgLasCaCO;  log o= 9.0
Calcium = 80 mg/L as CaCOs \ = .00
pH = 7.1 og Co= L.
AT ="1.1+20+1.90
= ||

moderctely aggressive

12. Calculate the aggressive index for the following information:

Totalalkalinity ~ =  20mg/LasCaCO;  \oG o\k=1.3
Calcium = 15 mg/L as CaCOs
pH = 70 \ogq Ca= l 18
AT="T.0+\.23+ 118
= Q,u48

hi%\n \Y 0gQe eSRNE

Answers:

1. —0.37MA 7. 1145MA
2. —~0.55MA 8. 12.03NA
3. -051MA 9. 109MA
4, —292HA 10. 11.05 MA
5. 0.17NA 11. 11.0MA
6. 0.38NA 12. 948 HA

Stabilization

Section 8

105



~ Filtration

1. The Cartersville WTP treats an average of 2.97 MGD. The water is split equaHy
to each of 6 filters. Each filter basin measures 10 feet wide by 20 feet long and 22
feet deep. Each filter bed measures 8 ft by 17 ft by 15 ft deep.

-._/"-—-—-f"'——"ﬁ.___.—-.___ma\,_,.4

a. Determine the daily flow to each of the filters in gallons per minute.

L GlersY MO\S"OOO%PC}‘/Q%WF

b. The influent line to filter 5 is closed while the effluent remains open. Using a
hook gauge and a stop watch, it is noted that the water level in the filter drops 6
inches in 70 seconds. What is the filtration rate in gallons per minute?

vo!, got= (16f)(6EN (0.5 (118) = U a0l
lﬁme-—- 108 /60%/min = 1.\ Tmin

qpm= A0l = 15 39 90 fraig

c. What is the flltratlon rate in gallon per minute per filter per square foot of

- surface area?

Yoosin reo= (16§4)(36 £4) = 300 £4°
Fler role =133 = 21371 §Pm /42

d. A hook gauge was uséd to determine the rate of rise in-the filter \oed during
the backwash cycle. The water rose 6 inches in 20 seconds. What is the backwash

rate in gallons per minute?

vol, gal = (BRI #4)(0.5 £4)(1.48) = 508. o4 gal.

Qo= ~R0BIRL = 155,99 Vi
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e. Calculate the filter backwash rate in gallons per minute per square foot.

aven = (81 (17 £4) = 13 F+

e = 1530 - M
Moy W 1.939P™ [p,8

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 15 minutes.

nochwosh voi = (reke /B ime e (Lilter aren)
=\, 90 £ (1S mim (13 t1d= 83888.80 %a

g. During a filter run of 75 hours, the total volume of water filtered was 2.8 million
gallons. Calculate the percent of the product water used for backwashing.

s \oochwogn = DOCEWAsh Water y oo
./cboc Wgh = FilYeredwoter

_ 238%3. _'m%i\
T Q860000 K100

= 3.8 %%
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APPLIED MATH FOR WATER
FILTER MATH

BASICS

1.

A filter basin and |ts sand bed measure 28 feet by 16 feet Calculate its sand bed
area in ft?.

sond \oed oren f19= (length, S (wid¥n §4)
= (a8 Q'\'\(\UQ‘\‘)

= LB £4°

The same filter basin that measures 28 feet by 16 feet has the water drop 6
inches, what was volume in gallons of the drop test? L /‘3 =0.5

“Nal, 00l = (BBEN (LN BEN (O ue®ey3y

= 1515.30ga0 -

The filter drop test was timed. The test times were 68 seconds, 72 seconds and
71 seconds. What was the average time in minutes?

oG = lags*-lgs*_l\g = ‘[0-536(;,

T70.%8e¢ | tmin
| Wosec

A filter measures 28 feet by 20 feet. The influent is closed and the effluent is _
opened and the water drops 6 inches in 2 minutes. What is the filter ratein o /g - :
gallons per minute? / 2 =0.6%

Nol,gol= @8ENROEN (06 #H(1ugY " /542)
= 904 Waal

a min

3 fain = 10U .dgpm

= 1. M min

Filtration 1M1
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5.

6.

8.

112

A filter measures 28 feet by 20 feet. The influent is closed and the effluent is
opened and the water drains down 6” in 2 minutes. What is the filter loading rate
in gallons per minute per square foot?

Vol 00 = (28830 §1)(0 SN [42) = =906a4.4qal
2nnd oren, £1° = (88T (RofH) = -Buo 848

A filter measures 26 feet by 15 feet. The influent line is shut and the water drops
2.6 inches per minute. Calculate the rate of filtration in MGD. a.l / \Q = =0.9 Wl SH.

(QLED(BEN (G.ANAS(UBY ) _ L3, 6l apm

L e

Olaaal | ol 1Mo
N dOJd | \ecoocoqa = 0.41mMGO

A filter measures 26 feet by 15 feet and has a filter media depth of 36 inches.
Assuming a backwash rate of 15 gpm/ft* and 11 minutes of backwash required,
how many gallons of water are required for each backwash?

ockhwosh ol o= (Uoochwashrede) (lime) (8 Wexor &)

= (15P/848) (i Y LSV (5
= LU35000d
The filter in P.roblerh #7 filtered 13.95 MG during the last filter run. Based on the

galions produced and the gallons required to backwash the filter, calculate the
percent of the product water used for backwashing.

O
/o bochwoeh = m x \0O

G.UuL%

Filtration
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USE THE FOLLOWING INFORMATION FOR PROBLEMS 9a - g.

9. The Randyville Water Plant treats an average of 5.18 MGD. The water is split
equally to each of the 8 filters. Each filter basin measures 12 feet wide by 16 feet
long and by 24 feet deep. Each filter bed measures 12 feet by 14 feet by 11 feet

deep- 3. 18MGEP /g pivters = 0.UTS MED /i \ler

a. Determine the daily flow to each of the fllters in gallons per minute.

0. —
doy \UUGIN \ MCr B LNQ o P

'b. The influent line to Filter 6 is closed while the effluent remains open. Using a
hook gauge and a stopwatch; it is noted that the water level in the filter drops 7

inches in 80 seconds. What is the filtration rate in gallons per minute? 1 /9=05833
Nolgol= UaR (Wt (0.5833EN0CLUEPYers)
= 83170t | 80400 = 133mun
1.3333 an

99\/ i L088 A qpm

c. Whatis the filtration rate in gallons per minute per filter per square foot of
surface area?

sand aren 1% = QAFHOWHD = B ¢

QP /3= L8B.23d0pm. _ 2 QPM/p4

g £43

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 7 inches in 15 seconds. What is the

backwash rate in gallons per minute? 1 /\Q =0.5833 £ /,_00 0.5
V- (a8(uedhseRe(14e)
¥ / min = 0.85mun
= 9439.1bgpm

Filtration 113
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e, Calculate the filter backwash rate in gallons per minute per square foot.
%Pm/%z = QQ3 . :
a (12 4Y) cﬁm

= LU 9PN/, 2

f. Calculate the gallons of water used to backwash the filter if it was backwashed
~ for 15 minutes.

backwoshyol = (M 4537 /s4) (15min) (1884
= 43483.4qal)

g. During a filter run of 95 hours the total volume of water filtered was 3.80
million gallons. Calculate the percent of the product water used for
backwashing.

O bock wsh = sn BB 100

=1.15%

USE THE FOLLOWING INFORMATION FOR PROBLEMS 10a —g.

- 10. The Chrisburg Water Plant treats an average of 7.2 MGD. The water is split
equally to each of 8 filters. Each filter basin measures 12.5 feet wide by 16.5 feet
long by 24 feet deep. Each filter bed measures 12.5 feet by 14 feet by 10 feet
deep. '

a. Determine the daily 'ﬂow to each of the filters.

TAMED
Bhles - OAMED/ry per

114 : Filtration
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b. The influent line to Filter 6 is closed while the effluent remains open. Using a
hook gauge and a stopwatch, it is noted that the water level in the filter drops 6
inches in 69 seconds on test 1, 6 inches in 67 seconds on test 2 and 6 inches in
70 seconds on test 3. What is the filtration rate in gallons per minute?

Vol gad = (a8 58 0SHC ‘-\83-‘—‘171\..&]5_(:3&
Lags_hls_‘\n_s_
O =
NgEiwme = Lo‘B Loﬂsec/ o%hun= | un

g0l . 31509\ )
frun= Hnun © 0Tlbtgpm

c. What is the filtration rate in gallons per minute per square foot of surface area?

?‘“ ‘ = '—LDJJH%M—LD' = . Pm ., a
%. o (1358 (W H) 386 ay

d. A hook gauge was used to determine the rate of rise in the filter basin durihg
the backwash cycle. The water rose 6 inches in 13 seconds. What is the
backwash rate in gallons per minute? \3/ =091k

vol 001 = 1a3H(EN (0 SHILUL) = LBU., 5%@& MR
gl\/uun -

O- "el\to"l N

= 3030.717 qpr

e. Calculate the filter backwash rate in gallons per minute per square foot.

m 3630.11 %pm
R / 4 (e QU EY)
= 17.9L9P™ /248

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 20 minutes.

bochwagh Nol = (1.8, /242380 mm)C\a;s%J_r)_L\Am
= 10UW\5.33 %oﬂ

Filtration 115
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11.

13.

14,

116

g. During a filter run of 95 hours the total volume of water filtered was 3.74
million gallons. Calculate the percent of the product water used for
backwashing.

C _ ) '
76 '00Cchwash _mﬁ— %\06

= L\ %

Calculate the filtration rate in gpm/ft? for a filter with a sand area of 26 feet by 22
feet when the applied flow is 2.36 MGD.

2.3
e Wp2B.8 | Wb
Pmia= (aum(aaﬁg B e

= 1628 .8% aon
= 0.8719M/py2 Lo

Determine the filtration rate in gpm/ft? for a filter with a surface of 28 feet by 20
feet. With the influent valve closed, the water above the filter dropped 12 inches
in 4 minutes. '

vol, gol= (380N (1.u8)

= 4 18R8.8 ool _\ov.36pm
“88, 0 Wk (3% (G0 ™)
nmin

%Q\/m‘nf‘ \C)L\'l&%pm = \. 8_] %Pm /Q—-\Q

A filterhmeasures 26 feet Fy I15 feﬁt. The ifnfﬂ;Jent line isM SGh[l).lt and the water drops
2.6 inches per minute, calculate the rate of filtration in .
" dle Aa = 0.1, 11

Nol,opl=(AUEN (st AN EN (14g).
=1b33.00 g0l .

L2, -0
o doy ] W000000gaT = 0 QI MG&D

The filter in Problem #13 has a filter media depth of 36 inches. Assuming a
backwash rate of 15 gpm/ft¢ and 6 minutes of backwash, how many gallons of

. water is required for each backwash?

‘oochosh ol = (ISP/448) (lomin) (AL FN0SELY
=35,100gad

Filtration
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15, Afilter plant has 6 filters, each measuring 20 feet X 15 feet. One filter is out of
service. The other five filters are capable of filtering 500 GPM each. How many
galions per minute per square foot will each filter?

. N _ 6%
EAVAICE CYETS T

= 1P g8

16. A filter is 30 feet X 20 feet. If, when the influent valve is closed, the water above
the filter drops 3.7 inches per minute, what is the rate of filtration in MGD?

Qo - (3084XA0EVO20RREN148) 37/9=0.3083 H
N

\ rain

= 139339 fun

38cat Wil e
s omal e | gqmg o

17. Determine the backwash pumping rate in gallonsiaer minute for a filter 33 feet by
21 feet if the desired backwash rate is 17 GPM/ft<.

gpm = (1PM/045)(3384) (911+)
- =1l %pm' |

18. Determine the volume of water in gallons required to backwash the filter in the
previous problem if the filter is backwashed for 6 minutes.

ockhwesavol = NP/ Qo )RR QA
=70 .m@to%all

Filtration 117
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19. During a filter run the total volume of water filtered was 14.65 million gallons.

When the filter was backwashed, 72,560 gallons of water were used. Calculate the
percent of the filtered water used for backwashing.

G - 1935 .
/o b&dAWOSh = W ¥\00
| = (0.49%

USE THE FOLLOWING INFORMATION FOR PROBLEMS 21a - 21g
(put your thinking cap on)

20. The Billyville Water Treatment Plant treats an average of 8.0 MGD. The water is
split equally to each of four filters. Each filter basin measures 35 feet long by 19

feet wide and has a divider wall jutting out into the middle measuring 1 foot by 16

feet. Each filter basin contains two filter beds, each measurlng 17 feet by 16 feet.
The filter basms are 12 feet deep

p 25 — |
. i ' )
T ---------- \ | WASH WATER TROUGH
FILTER _,/ W L |l “’)
BASIN ‘ 1 ¢ =+
N A
N/

a. Determine the daily flow to each of the filters.
BMCG:D _
— = ML /p.
Y fitpers 20 [ Hilkex

b. The influent line to Filter 1 is closed while the effluent remains open. Using a
hook gauge and a stopwatch, it is noted that the water level in the filter drops 6
inches in 93 seconds. What is the filtration rate in gallons per minute?

0fg=0SH
%ﬁé‘& (35£)0084) - (D (et} =LuA §4°) WQ?{;"
Vol gal= (Lua H) (0B (LUL) foo= \.B5mun
= 43T, Qugpd
.55 min

118 % /m“ = \5\.05 C\\-I%PIH:I'EHOH
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¢. What is the filtration rate in gallons per minute per square foot of surface area?
pmM/oae = m:l%m_
9 / ™ (@M)W
= Q.889FM/py0

d. A hook gauge was used to determine the rate of rise in the filter basin during
the backwash cycle. The water rose 6 inches in 19.5 seconds. What is the

backwash rate in gallons per minute? l"/\g = 0.5
vol,qalz (DMENLN0SHNTIMNG) s
= 2034.Blgal a0=06.335
0. 3D n

Blhun= LA \BgpM

e. Calculate the filter backwash rate in gallons per minute per square foot.

ij‘n/;;_\_a:\amﬁo__\ﬁ%pm

(a)(n%ﬂ (W) |
= 1.1 QP™/ 048

f. Calculate the gallons of water used to backwash the filter if it was backwashed
for 11 minutes.

bockmosnvel = LBI3P/BD) (Hmin) () (NED (W)
= LBBLA.03god

g. During a filter run of 117 hours the total volume of water filtered was 8.78
million gallons. Calculate the percent of the product water used for

backwashing.
%% bochuwosh= m ¥ \00
= 0.18%

Filtration 119
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Coagulation/Flocculation .

1. The average flow for a water plant is 5.2 MGD. A jar test indicates _that the best
alum dosage is 3.5 mg/L. How many pounds per day will the operator feed?

\b/dm.j = (dose)(flow X 8,314“"‘/8@\3
= (3.5™5 /(5.3 MGDY(B. 34 0 /gel)
=151.90 % [doy

2. The average flow for a water plant 1,200,000 gallons per day. A jar test

1) indicates that the best alum dosage is 1.8 mg/L. How many grams per minute

should the feeder deliver? '

(Aose)(Siown)(389Y ga\3
Qo™ day)i600™8 /o)

(183 /0(18600006pdX3T8Y). - 5 1,83 /i
(e C \oooﬁﬁ?d) ° / .

Qrown fenin =

—

P% Y 3. A plant used 39 pounds of alum‘treating 3.7 IVIGD.: Calculate the dose in mg/L.

doge™g ) = Feed rale ®lday
(Q\Gw)(g,?ﬂ‘b/%ai)
= 29
(271 G DB ®/god)
= 1.2 ™y /L

4. Liquid polymer is supplied to a water treatment plant as a 9% solution. How

~ many gallons of this liquid is required to make 150 gallons of 1.5% polymer

solution?

N =N,
(0.600) = (0.01)(150 9ob)
\, = (6.0)X(056gel)

0.09
N, =95 %0&
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5. Liquid alum delivered to a water treatment plant contains 795.4 milligrams of
alum per milliliter of quuid solution. Jar test indicate that the best alum dose is 5
n’ig/L. Determine the setting on the liquid alum feeder in milliliters per minute if
the flow is 2.8 MGD. '

e = (dase)Y(Siow %?d!(& ISS‘*fgml
fonin (Cor\c]““ﬁ/th)(\qLLo‘“‘”/day

- - (8790800000 0p)(3185) - ML/
T (1954 o) Hlo. 9l / roh

6. An operator has decided to switch from dry alum to liquid alum. If he feeds an
average of 150 Ibs of dry alum a day, how many gallons of liquid alum will he need

~ to feed on average given the following information?

\50 i\ | _ qa\ Alum, liquid: 49% concentration
| 5.4\ alum 10.7 Ibs/gallon weigh*’

'(5.4 Ibs dry alum/gallc@ ConC.
=978 80} | ~ 1.335 specific gravity
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APPLIED MATH FOR WATER
COAGULATION & FLOCCULATION

; 1. The average flow for a water plant is 3.25 MGD. A jar test indicates that the best
_‘ ?,%‘5 alum dosage is 2.5 mg/L. How many pounds per day will the operator feed?

‘b/dmj_;_ (dose)(Flow)(83U%/aal)
= (2579 /L)(2.95W00D) (8.340/ot)

=L /day

2. The average flow for a water plant is 13.5 MGD. The jar test indicates that the best
alum dose is 1.8 mg/L. How many pounds per day will the operator feed?

“O/d%: (L8M/ ) (135 MDY (8.3u'0/g00)
= 208l ®/doy

3. Determine the setting on a dry alum feeder in pounds per day when the flow is 1.3
MGD. Jar tests indicate that the best alum dose is 12 mg/L.

'BJday = (9™ JO2MEDH(8.3Ubfoat)
= 120. \b‘b/émé

\\ 4. The average flow for a water plant is 8.3 MGD. A jar test indicates that the best alum
dosage is 2.2 mg/L. How many grams per minute should the feeder deliver?

'%mm/miw—(dm“)—w (3254,

Qo™ doy)(6w™8 /)

) Oquom/a)cwgg@

124 - l-\g%m"yCoagulation / Flocculation
LV :
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5. The average daily flow for a water plant is 0.75 MGD. If the polymer dosage is kept
at 1.8 mg/L, how many pounds of polymer will be used in 30 days?

/oy = (1L8MBAI(0.75 MED) (8342 /ga)
=(11.950 "0/douy) (36 dop)
= 33T b

6. The average flow for a water plant is 8,890 gpm. A jar test indicates that the best
polymer dose is 3.1 mg/L. How many pounds will the plant feed in one week?
(Assume the plant runs 24 hour/day, 7 days/week.)

o | oin | doy | | Yocaooogpl
">liny= (3.9/) (0 gotmneON 8.3 =10.8,016 M&O
= (83091 Yo /dou) (7945 /)

= A3\, B\ \b/meeh

7. A water treatment plant used 27 pounds of cationic polymer to treat 1.6 million
gallons of water during a 24-hour period. What is the polymer dosage in mg/L?

__Yeed rake
TN (Slow )(8.34)

- ___a'bldoy
CLLmGDIC8.34 i)

=9.08™9 /L

8. A water plant fed 130 Ibs of alum treating 1.3 MGD. Calculate the dose in mg/L.

B %'b/dg\:
O/ Tameds. 3ibp)

= .93/

Coagulation / Flocculation 125
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9. A water plant fed 52 grams per minute of dry alum while treating 2.6 MGD. Calculate

the mg/L dose. N ] :
Mg/, - Q@iﬁ%ﬂl@ﬂ@)_ "~ doy I\i-\%n\ltnl o

(Flow,0pm) (31854ep) = B05.550PMm

grom \000 ™
(1865.55qpm) (3.183%p)
= L\ /L

10. Liquid polymer is supplied to a water treatment plant as an 8% solution. How many
gallons of this liquid polymer should be used to make 200 galions of a 0.7% polymer

solution? C \] - Caz,\)z
(0.08)N)=(0. om)(aoo%oﬂ)

- Lo (c0gpl)

6.08
= \‘\.5(&1\

11, Liquid polymer is supplied to a water treatment plant as an 8% solution. How many
‘gallons of this liquid polymer should be used to make 5 gallons of a 5% polymer

solution? (C\)(V \) - LC:"L)(-\JZ)
(0.08XN,)=(0.05)(5op)
\) _&05)_5%&\_

.08

= 3. \3%0&

12. Liguid polymer is suppliéd to a water treatment plant as an 8% solution. How many
gallons of liquid polymer should be used to make 55 gallons of a 0.5% polymer
solution?

(0:08) ) =(0.005)(55c)
\J, = (0065)(55001).
0.09
N, = 3.Udapd

126 Coagulation / Flocculation
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13. Liquid alum delivered to a water treatment plant contains 642.3 milligrams of alum
per milliliter of liquid solution. Jar tests indicate that the best alum dose is 8 mg/L.
Determine the setting on the |IQUId alum chemucal feeder in milliliters per minute if the

flow is 2.2 MGD.

oL (dose ™ X o, 3pd (38600l )
N = Ceone “‘Q)Im\_)(ll\\lom‘“ Ama)

_ (8™ /)(28000003d) (31855/0n )
QU493 /L) (ME™doy

=719.00" /rin

14. You collect three 2-minute samples from an Alum dry feeder What is the feed rate in
mg/L when the flow rate is 2 MGD?

- G\ ) ores B
_ (fiow) (3785%g0) Sample 3 = 24 grams
_ (83, Y100 [9) 59 +9%+84q _ ng 4 %
(1388.89pr)(3.185p) -8
= 3.95™3 ) %ﬁﬁ“%ﬁ‘
=\338. 8°\%pm

15. A water plant is treating 8.2 MGD with 2.0 mg/L liquid alum. How many gpd of liquid
alum will be required? The liquid alum contains 5.36 Ibs dry alum/gallon.

%G\/Aoﬂ - (dose X 2}@){8.39“3[%93')

cane. Yojgal

- (8.
5.3L'0/yat

= 95, 59%0\/&%

16. A jar test indicates the 3.4 mg/l. of liquid alum is required in treatlng 7.6 MGD. How
many mL/min should the metering pump deliver? The liquid alum delivered to the
plant contains 645 mg alum per mL of liquid solution.

mbL/ 4™ o
frin = =5 v (\ll%“““%dat\) :

los_.so‘“‘-/mm

Coagulation / Flocculation ' 127
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TR

17. A jar test indicates that 1.8 mg/L of liquid ferric chloride should be fed to treat 2,778
gpm of water. How many mL/min should be fed by a metering pump? Ferric chloride

contains 4.59 |bs dry chemical per gallon of liquid solution. 9 N0 vl
m\_/mm:' .0 0)L O )5 '- _mma l éou.&'
' (885 .o'l“\s,{nx)(ﬁt\ommlé) =U00030 ged
| = 34, L '7 o Jog | Yoouw
froin Topt [asmd W [\g -
= 550.071

™ / L
18. An operator has decided to switch from dry alum to liquid alum. If he feeds an
average of 100 |bs of dry alum a day, how many gallons of liquid alum will he need to
feed on average given the foilowmg information:

mb-dqﬁ&n“ I Q‘O'l Alum, liquid: 48.5% concentration
15U 1 alum - 1113 Ibs/gallon

(5.40 Ibs dry alum/gallon )
: pecific Gravi

= \853 %&D
!

19. If an operator wants to switch from dry ferric chloride to liquid ferric chloride, how
many gallons per day would he have to feed if he normally feeds 200 Ibs of dry ferric
daily? Plant flow rate is 4 MGD. What would be the feed rate in milliliters per minute?

RISTYI S‘:p"ﬂc l \ %0'\ Ferric Chioride: 39% concentration
.SQ dry terric 11.76 Ibs/gallon

4,59 dry ibs of FeCly/gallon
= U351 ‘30& / d&% 1.41 Specific Gravity

ug.m%gxl\é 4 |3 8Smbl i Wi
(\_\0\% \u\.\gm\n \%C& ""h L\-53m /mm |

/_\/’—’—\_——’/——\_/
_ 2rolb zdm?  4S50Y%0 = 5500l L . . (5.9959) (4o (3185

@' mg/ = lumed) (830 | " ‘7,“‘ (550.01) (1440}
= =5.9953"/L 114,59 i

128 - Coagulation / Flocculation
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L

20. Based on the information p.rowded below calculate the milligrams of alum per milliliter
of solution: If jar test results indicate that the best dosage is 25 mg/L, what is the
feed rate in mL/min? The plant flow rate is 6 MGD.

S.U\h] 100l [us3.L4 |\ocomg _

48.5% concentration

Qs&\ l3‘185mL I b l w\% - 11.13 Ibs/gallon
. 5.40 Ibs dry alum/gallon

= LU, \L\ wh /m]_ 1.335 Specific Gravity

MU = mm‘mm@@ Ly
_ / N = U148 /(o™ doy)

= LOA.99 ™ ain

21, Based on the information provided below calculate the milligrams of ferric chloride per
milliliter of solution. If jar test results indicate that the best dosage is 7 mg/L, what is
the feed rate in mL/mln? The plant flow rate is 6 MGD.

39% concentration |
11.76 Ibs/gallon

— - 4.59 dry Ibs of FeCly/gallon
5%0.071 ™Y /mL 1.41 Specific Gravity

mL/ R Gu LLYIE _
R (556.0TM8 U (Mue™/doy)

= 8006 . LQ mLAﬂ‘\ﬂ

ANSWERS:

1. 67.8 lbs/day 9. 7.6 mg/L 17. 34.4 mL/min
2. 202.7 Ibs/day 10. 17.5 gallons 18. 18.5 gallcns

3. 130 Ibs/day 11,  3.1gal . - .19, 43.6 gal/day
4. 48 grams/min 12. . 3.4 gal 114.5 mL/min
5. 337.8 Ibs 13. 72 mL/min ©20. 647.14 mg/mL
6. 2,316.5 Ibs . 14, 2.25mg/L 609.3 mL/min
7. "2 mg/L 15.  25.5 gal/day : 21.  550.07 mg/mL
8.

12 mg/L 16. 105.3 mL/min ' 200.7 mL/min

Coagulation / Flocculation 129
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APPLIED MATH FOR WATER
COAGULATION & FLOCCULATION PRACTICE QUIZ

1.  The average flow for a water plant is 6.3 MGD. A jar test indicates that the best
alum dosage is 19 mg/L. How many pounds per day will the operator feed?

\b/daad: (O™ L) (L-3NCDI(8.340/op1)
= 498.3 " Jdogy -

2. Determine the setting on a dry alum feeder when the flow is 5.4 MGD. Jar tests .'
indicate that the best alum dose is 8 mg/L. What would be the setting in grams
per minute? :

o/ (B ANSUNONMNo)37188Yop)

(o™ o) (ace™d /é)

| - \\% S5 %/m\n

3. The average daily flow for a water plant is 7.5 MGD. Jar test results indicate the
best polymer dosage is 1.8 mg/L. How many pounds of polymer will be used in
90 days?

1b/doy = (1878 /)(1SMED) (834 'Bfep)
= (119521540, )( A0 doys)
= 01331 Vo

4, A water treatment plant used 14 pounds of cationic polymer to treat 2.0 million
gallons of water during a 24-hour period. What is the polymer dosage in mg/L?

(2.0MGD)(8.34 Bigo)
=0.84™) /L

130 Coagulation / Flocculation
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5. A Water plant fed 48.5 grams per minute while treating 2.2 MGD. Calculate the
mg/L dose. 2.9MG] A.OL o

m /L :?EE ) (i ™8 /a) 'c\&5 Wuomnl e
(15571 Boprd(3 ‘185"/3&\) = 15371 B8qpm

= 8. %Q“B/\_

6. Liquid pdlymer is supplied to a;water treatment plant as an 8% solution. How
many gallons of liquid polymer should be used to make 200 gallons of a 1.0%

polymer solution? e \J\ - C‘L \,Z. ' o _;‘
(0.08)(N)=(0 ot)(aoogoﬂ)
\) (.Q_DL&QO%Q\D__

0.08 -

= 350pd

7. Liguid alum delivered to a water treatment plant contains 642.3 mllllgrams of
- alum per milliliter of liquid solution. Jar tests indicate that the best alum dose is
15 mg/L. Determine the setting on the liquid alum chemical feeder in milliliters
per minute when the flow is 7.2 MGD. There are 3.785 liters in one gallon.

MU _ (8™8/.\ (18000006 (318 Yaal)

(L048.3%9 o) (1™ ay)
= .'-N\.OﬂmL'/m‘\n-

8. A water plant is treating 1.8 MGD with 2.0 mg/L liquid alum. How many gpd of
liquid alum will be required? The liquid alum contains 5.36 Ibs dry alum/gallon.

%Q\ / da% (8.0™9 /L) (1L.aMGY) .34 \b[%QD

5 -3!.0',“0/%03.

= 5.Loc3\>d

" Coagulation / Flocculation 131
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9. A jar test indicates the 4.3 mg/L of liquid alum is required in treating 6.7 MGD.
How many mL/min should the metering pump deliver? The liquid alum delivered
to the plant contains 645 mg alum per mL of liquid solution.

| | T (6™ L) (o™ ey)
s = \\‘\A\‘_“L/mm

10. An operator has decided to switch from dry alum to liquid alum. If he feeds 114
Ibs of dry alum on average a day, how many gallons of liquid alum will he need
'to feed on average given the following information:

Alum, liquid 48.5% concentration

| Q_Q 11.13 Ibs/gallon
L b 0\\1m I %L : 5.40 Ibs dry alum/gallon
| l SH\b 1.335 Specific Gravity

= 8\‘.\\(3&&

11.Based on the information provided below calculate the milligrams of ferric
chloride per milliliter of solution. If jar test results indicate that the best dosage
is 21 mg/L, what is the feed rate in mL/min? The plant flow rate is 7.5 MGD.

13 \hl \ 90 f“s%_bﬁ_‘_jgn_ 9 . 39% concentration
%M |3185m‘-| tib \6 11.76 lbs/galion |

_ 4,59 dry Ibs/gallon
= B50.01 g / bl 1.41 Specific Gravity

i = (ATAL g
(880,619 /i) (Wud™iay)

= 152 ™Y

ANSWERS:

1. 998.3 |bs/day 7. 442 mL/min

2. 113.5 grams/min 8. 5.6 gpd

3. 10,133.1 Ibs 9, 117.4 mL/min

4, 0.84 mg/L. 10. 21.1gpd-

5. 8.39 mg/L. 11.  550.07 mg/mL; 752.6 mL/min
6. 25 gal

132 Coagulation / Flocculation
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Feeders

1. An operator collections 5 three-minute samples from a dry feeder Based on
the information given, determine the average grams per min.
Sample 1 =37.8 grams

Sample 2 =38.3 grams a\j%': 1,844 33 Y20.b

Sample 3 =35.6 grams

- 37,9339

o . 37. 393329 Q /.
% /mm B ._MS /mm.

2. What is the average dose in mg/L for the feeder in the previous.question if the
plant treats 3.9 MGD? 2900000 9ol | Aoy

(Qee&m*e 3 S ( (‘OOW/@ doy  Juowin zlosé%org

dose R (Flow \gpre) (3785 vl 800
- - (1959 /minm (1000™9 /9)
(o3 000 aprry (3765 gp)

:Of63m8/\_
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l.a.

- 1.b.

2.a.

2.b.

3.a.

136

286

APPLIED MATH FOR WATER
FEEDER MATH

An operator is checking the calibration on a chemical feeder. The feeder delivers
102 grams in 5 minutes. How many grams per minute does the feeder deliver?

gram / 103 9rams

S min
= 20.49 fnin
How many pounds per day does the feeder deliver?
A0 Mg ! ol W o

An operator checks the calibration of a dry feeder by catching samples and
weighing them on a balance. Each catch lasts 1 minute. Calculate the average
feed rate in grams per minute based on the following data:

Sample 1 weighs 37.0 grams

Sample 2 weighs 36.2 grams -

Sample 3 weighs 39.4 grams

Sample 4 weighs 38.6 grams

ON% 3_&3_334_&%_33_'-\%_3&&3_ 37-8(3
gmm/mn__@'l_gg_ 3 89/mm

How many pounds per hour is being fed?

31.8 q | Lorun | 1
min” L he o [usdleq

=510/p

An operator collects 3 two-minute samples from a dry feeder
Sample 1 weighs 22.2 grams
Sample 2 weighs 24.0 grams
Sample 3 weighs 21.9 grams

What is the average grams per minute?

ovg- 223524001018+ 93
3O = ALLGmI_ 2 1y 259 fq

Feeders




4.b.

5.a.

5.b.

3.b.

4.a.

TDEC - Fleming Training Center Section 11

‘What is the average dose in mg/L for the feeder in question 3.a. if the plant

treats 420,000 gpd? ‘ \
AT SY/min ) (1000™3 daY% ’\L\qom'm

(aQ\ Llgpm) (3 185“/@.1) = 3% b qpm
10.98 ™9 / L

An operator collects 5 two-minute samples from a dry feeder:
Sample 1 weighs 49.2 grams
Sample 2 weighs 44.0 grams
Sample 3 weighs 41.9 grams
Sample 4 weighs 48.3 grams
Sample 5 weighs 47.6 grams
What is the average grams per minute?

Ox\)% M@gﬁﬂgﬁﬁ&#\l&g \_\b g%
%‘Gm/mm-‘-' A&h“:’i);g_ =23.\ 3 /i

What is the average dose in mg/L if the plant treats 1,200,000

gpd? ,
- (a0 /) id
™/ = 22319/ min)( " day \tmo?mn

(833,33%Pm)(%.‘185 Haol) _ 833-33%?‘“
7.399 /L

A chemical feeder calibration is tested using a 1,000 mllgraduated cylinder. The
cylinder filled to 850 ml in a 3 minute test. What is the chemical feed rate in
milliliters per minute? :

mL/mm? 850 ml
3Amin
= 98333™/min
o %
What is the chemical feed rate in gallons per mlnute? ;
2g3.23ml [I\L [ lgal .
min  |locomL | 8.785L

= 0.015 9%/ min

Feeders 137
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5.c.  What is the chemical feed rate in gallons per day?
L3 5 Y
min o \c:\aj

= 0711 gpd

6.a. A chemical feeder draws a liquid chemical from a one-liter (1,000 ml) graduated
cylinder for 30 seconds. At the end of 30 seconds, the graduated cylinder has
400 ml remaining. What is the chemical feed rate in milliliters per minute?

mL/ __100mL | 30/40= 0.Bmin
™ 0Swn \000mL- WoowmL

= OO ML
= 1200™/eun

6.b. What is the chemical feed rate in gallons per MInute? _

Wemb | 9al _ |
‘m\‘: |3185ml_ —O.%\T%?m

6.c. What is the chemical feed rate in gallons per day?

D |
%ﬁg‘%& - UsL5tgpd

7. A water plant treats 3.5 MGD with a dose of 2.2 mg/L KMnQa. If the water plant
uses 257 gallons of permanganate per day, how many ml/min must be pumped?

\d L
c\ouj WUomin |\ %a\

=15.93 mt/mit’\

8.a. A water plant treats 8.5 MGD with a dose of 1.7 mg/L KMnQO4. How many gpd of
~ permanganate must be used? (KMnO4 was made up at 0.25 Ibs per 1 gallon of
water)

V= Q™ (BSMGD)(8.3U jgal)
3 /émj ) O.QS\b/%O_Q

= 482.05gpd

Feeders
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8.b. How many ml/min must be pumped?

; \ , -
da\j \uowin | Vool
= 121.0L ™" /min

8.c. If the water plant uses 3 potassium permanganate pumps, how mény ml/min
must be pumped by each? ' _

1941 0L ™/ min
3 pumps ) ]

= 190.35"mn per pump

9, KMnO4 has been made according to the manufacturer recommendations (30
mg/mL). The water plant operators wants to dose 3.6 MGD with 2.0 mg/L
KMnO4. How many ml/min must be delivered by the metering pump?

mL/mm - (9.6™9/1) {30000 ' Ol ) § 3

= 30 83 mL/‘mir\

Answers:
l.a. 20.4 grams/min 5.b.  0.0748 gal/min
1.b. 64.76 Ibs/day , 5.c. 107.7 gpd

2.a. 37.8 grams/min
2.b. 5 ibs/hour
3.a. 11.35 grams/min

3.b. 10.3 mg/L
4a. 23.1 grams/min
4b. 7.3 mg/L

5.a. 283.3 ml/min

Feeders 139
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APPLIED MATH FOR WATER
FEEDER MATH PRACTICE QUIZ

1. An operator collects 3 two-minute samples from a dry feeder:
Sample 1 weighs 47.3 grams 2 ¥
Sample 2 weighs 44.8 grams Q\‘% = m*&gwi' Hy.8 33 =)
Sample 3 weighs 42.4 grams 2 win -
The water plant is treating 4.5 MGD. What is the average dose in mg/L? _ 3}Mn
{

 (90.4%e) Gaon™a /a) Si_mcz_ﬁ_\éagn_lmmngs
mS /L = (3 95%?““) (21 85"/{30‘) da-j YO mer
= 3195gpm

= l.%“%/l_

2. A chemical feeder feeds a liquid chemical to a 1000 mL graduated cylinder for 48
seconds. At the end of the 48 seconds, the graduated cylinder is completely full.
What is the chemical feed rate for the metering pump in gallons per day?

m\_/ n= 000wl _ 1356™ fmin UB/ 0= 0.8 min
m 0.8 min |
\9 L 1w
nMnin c\atj 27185 ral
=415 -5“"3\3‘“
3. A water plant used 167 gallons of a liquid chemical in one day. How many

" mL/min was pumped?

1 \da - |
dag |iudomin | igal |
'=U38.95 ™/ qin
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4, The operator measured the amount of dry chemical fed in one day.as 114.5 Ibs.
How many grams/min should the dry feeder have delivered?
WS L1 Vday | us319
doy [WuOwin [ 1b
5. How many grams in one pound?
6. How many milliliters in one gallon?
318S mL /%oﬂ
7. How many milligrams in one pound?\
\_lp_’_k\ﬂpﬂ_gw - UB3LOO0
| Yo 19
8. How many liters in one gallon?
3.785\. /%Ql
ANSWERS:
1 1.9-mg/L 5. 4536
2. 475.6 gpd 6. 3,785
3. 439 mL/min 7. 453,600
4 8. 3.785

142

36.1 g/min
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Pre-treatment and Lab

1. A holding pond measures 550 feet by 1075 feet and has an average depth of 12
feet.

a. What is the volume of the pond in acre-feet?

— A (wadin (A
Pond N oc =T 106 B

_ (5568D0aE AL | o
) 1360 W/oe T3, Bdoc-¥

b. What is the volume of the pond in million gallons? |
vol, gat = (ud,act(wBle ™ a)(71.ug 8 /447)
= (162.81880c-TUBLEY(T1u8) = 530710l60g0!
Nol, MG = (5%6‘1%00@0& / 10000003 gz BOTNG

c. If the Methyl Orange alkalinity is 21 mg/L, how many pounds of copper sulfate
will be required to treat the water for algal problems?

Al < 80
bs = (0.9 % fac-#) (A, ac- 1)
= (6.0 % Joc-$4) (19, 8788 oc-¢4)
= Wb, A Vs

d. If the Methyl Orange alkalinity is 72 mg/L, how many pounds of cop.per sulfate

will be required to treat the water for algal problems? 3= (560‘;-\)(\0‘];5}-}3 _
197 50 ' U2Bwo™ e Ef-’

Yos= (aurfoce ara,ae Y51 /o)
- = (13570064 o fad)
=72.30 \b
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2.a. Carus Chemicals recommends a 5% permanganate solution. If 2.0 Ibs KMnO,

is dissolved in 10 gallons of Water, what is the % by weight? 8. - 83 vl o
0/ = _wi chen 80‘\ . |
0 eont ~ - *\00
b\m %h% WY waler ¥ wt chemicels

- 2610 - o
83.8 1o+ 3.0 \o ¥00 = 3.34 %

b. To produce a 5% solution, how many pounds of KMnO, should be dissolved in a
tank 4.0 feet in diameter and filled to a depth 4.5 feet? \o\ (30\ (68NN MDINE)

log, = Cual ¥83Yaad(des canc) - 159 ﬂmuc&aﬂ

" [cO6%% - des conc

- £L\&Q 14 lggg 1*8.?1“5(0.0‘5‘) = [8567 \b

0.64%

c. Your raw water has 1.6 mg/L of iron. How much KMnO, should be used to treat
the iron? Each 1.0 ppm requires 0.91 mg/L of KMnO,.

j.bmg/LIO.Q\W\S/L 1 wen
oo e L.uS6L™ /.

d. Your réw water has 6.2 mg/L of manganese. How much KMnQ, should be used
to treat manganese? Each 1.0 ppm of manganese requires 1.92 mg/L KMnO,.

Wnog™h= (. d™3/ (1AM [} = ooy ™8 /L

e. Your raw water has 0.4 mg/L of iron and 3.4 mg/L of manganese. How much
KMnO, should be used? (Each 1.0 ppm requires 0.91 mg/L of KMnO,; each 1.0
" ppm of manganese requires 1.92 mg/L KMnO,)

"L = (o.M (.aN = O. 8@4“\8/1_

“ge/L = (2.:m3/)(1,00)= 1b.588 Mg /1
Min

olal = 03645 /L 1,538 ™8/1> 1,893 /L Koy
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f. Carus Chemicals recommends a 5% permanganate solution mixed at a ratio of
0.25 lbs per 1 gallons of water. How many mg of KMnQ,is there per mL of
solution?

0.95 1 [ 19l M%%.b%l\ooomq _ne
gal  |37e5we | 1o | \9 3920 ™ /o

g. The water plant is treating 3.0 MGD and the operator has determined that the
KMnO, dose should be 3.9 mg/L. How many mL/min must be pumped to obtain
this dose? (The KMnO, was made at the recommended 0.25 Ib/gal) -

L (Aose Y Sy, ood\(%ﬂB%L/%\\)
- (Conc g/ m\.\(\‘%%m‘“fdagﬁ
- (3.9m9 /L)_,(B%Qo WQOQnd\J (3.765 Y9e.1)
' (&C\ Q(_omﬁ/w‘t\)(itﬂl{)mm/da@

- 123%.4) ™ feain
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Applied Math for Water
Laboratory Solutions

1. A laboratory solution is made using 52'm1111grams of Sodium Chloride (NaCl) dissolved
in a 1 liter volumetric flask filled to the mark What is the mg/L concentration of the
solution?

g/, = DA mg

L

=59™9/

2. If 33 Ibs of a chemical is added to 148 lbs of water, what is the % strength by weight?

o - WY chemn ,
70 sirength el s ¥ 00

- 233 \n — o
= ¥\00 = \R.93%
uaip ¥ 33 \o 8.83

3. You need 1 liter of 0.1N HCI and you have 10N on hand. How many mL’s of the 10N do
you need to make 1 liter?

/\‘ \l\ :-N Vz
(oa NYOQEoOmMU) = (\oN)L\\L)

(enOCCom) > \O mL
I6N _
4. 250 mL of 3N NaOH is diluted to 1000mL. What is the new normality of the solution?

@5C)m LYBN) = (N) (16oomb)

IOOOmL = Nz
0I5 N =Nz

5. 500 mL of 10N NaOH is diluted to 1 liter. What is the new normahty of the solution?
_(5eomL00N) = (100N
(BeomDON) Ny

ioVOOrnL

SNzNz

146 Pre-treatment and Lab
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10.

11.

© Youare given 20 mL of 30N HCl. How many mL’s of water should be added to make

1.IN HCI1?
(QOmL) (BON)= Lv D OAN)

QomW(RON)
[.IN

5US,US mL= “z

An operator needs a 0.1N solution in order to conduct an analysis. The operator has 1.5N
solution on hand. How much (mL) of the 1.5N solution is needed to make 1 liter of 0.1IN

solution? | (mm\—) CO-\ N):— (_\IL) ( \-'EDN)
_(.l_Qm_l(Q_LM)_
[.5N
L. LTl = Vg

An operator needs a 0.1N solution in order to conduct an analysis. The operator has 2.0N
solution on hand. How many milliliters of the 2.0N solution is needed to make 1 liter of

0.1N solution?
Qocom)(6. 1 N) = ()30 N)

QooomCOAN)  _
8.0N z

SO‘T\\_ = \[2_

450 mL of SN NaOH is diluted to 1 liter. What is the new normality of the solution?

(LBOMLY(B N = GocomLY (N2)
C(UB0mBNY N2

IOOOmL

2.95N= N,

You are given 8 mL of 15N H;804. How much water (in mL) should be added to make

0.4N HaS04? (BmL)YUSAN) = (\]L) (O.L\N)

(B (I\BN) N
OU4N T V%

300 m L=V 2
An operator needs a 0.2N solution and has 2.5N on hand. How much (in mL) of the 2.5N
solution is needed to make one-half liter of 0.2N solution?

(BoomLR-5N) = (v )(6.AN)

- (500m\) ( Qﬁ[\_l L= ‘ 147
DN = 0290mL =Ny
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Copper Sulfate

1.a.

o\ < BoM/,

oW 7 S0m /L

& 2.4a.

Applied Math for Water
Pretreatment

A holding pond measures 400 feet by 1213 feet and has an average depth of 10.5 feet.
What is the volume of the pond in acre-ft?

ﬂ#@@c  YzbLottioc o
_{4on e (1913 84)
ST \\.\L\ag

No\, 0¢-6% =(11.138100) (165 84 =, Al ac-§ &

What is the volume of the pond in million gallons?

Nol, ool = (No 0c-$ (43 Do) (1.8 %Y p43)
| - (11 o e 4 (4B B0 70c) (1.48% £42)

= 3810108000 /1000009 e, = R84 T

1

If the Methyl Orange alkalinity is 28mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

copper sulfote, \bs = (0.9%/ac4y) Nol ,0e-8%)
2(0.9% ek .A554 ae-ft)
= 10%.2L \bo

If the Methyl Orange alkalinity is 61mg/L., how many pounds of copper sulfate will be
required to treat the water for algal problems? A= (4 Q

copper sulfate, Yos= (aren,ce)(54% loc) | “3%0“:/?\“55 oc.
= (11387 6e)(S-H:% /o) o
= Lo \b |

A holding pond measures 2400 feet by 576 feet and has an average depth of 8.75 feet.
‘What is the volume of the pond in acre-ft?

o - OGNDD)
Ptrea‘f_lc ¥ 4250 #4*/oc

_ (9uoo D (51LE) (819EY
U3 B0 e

= 3169 ac- P e
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b. What is the volume of the pond in million gallons?

Vol, 004 = (877,19 ac-f(U3BLeH7c)(1UBHp2)

= O{OLHEBOSOSQ\ /\woooosm/m-&
= Q0.U8MG&

c. If the Methyl Orange alkalinity is 44mg/L, how many pounds of copper sulfate will be
required to treat the water for algal problems?

A\ SBOML \bs = (0.9% fpe-04)( 8T 10ac-#4)

= 9uq a3 \o
d. If the Methyl Orange alkalinity is 82mg/L, how many pounds of copper sulfate will be
“‘8 required to treat the water for algal problems? A= (3(.\00{‘-\-) (.5"[(0'@'\')
o\X >BO™ /L los = (21 ac) (5.1 loc) “35‘;:“?6
= ol 1kaC

=137 Vos

3. For algae control of a reservoir, a dosage of 0.5 mg/L. copper is desired. The reservoir has
a volume of 20 MG. How many pounds of copper sulfate (25% available copper) will be

required?u:'- ( \( O\ (83 .\b[ [

‘o - Yo copper
= (0579/0(EMEERA = 333.L Vo
0.35

4. The desired copper sulfate dose in a reservoir is 5 mg/L. The reservoir has a volume of 62
acre-ft. How many Ibs of copper sulfate (25% available copper) will be required?

24|39 m
Yos = OMA g.és : M%

=00.20MC
= 33,4.59 Yos %

5. A pond has an average length of 250 ft, an average width of 75 ft and an average depth of
10 ft. ¥f the desired dose of copper sulfate is 0.8 Ibs/ acre ft, how many pounds of copper
Sulfate will be required? '

Vol oe- = (956409 D U0ED | .3 ac-f4
‘ y36L0 €¥*fac

N - | -0..
s = idac $+{ ac%\o

= 344\

150 Pre-treatment and Lab
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Potassium Permanganate _
l.a.  Carus Chemicals recommends a 3% permanganate solution. If 2.5 Ibs KMnOj is

dissolved in 10 gallons of water, what is the % by weight? \ \ 3 - 8 3(.\
- 3.51b %Q—I‘a‘—ﬁjb‘w -z s
= .
Yo sirength= w3 o A e ¥100 9 Vos
= 2.G\%0
b. To produce a 3% solutlon how many pounds KMnQ; should be dissolved in a tank 3.5
feet in diameter and filled to a depth of 4.25 feet? o lopl = (0 135)(.3.5)(3 5)(U.A5XM8)
¥ 8.3 _) = 309,70 %&-ﬂ
Cham s = |
| Ct ~cles conc)
_ (80510001 ¥ 834X0.03)
l -0.03
= 18.851b
c. Your raw water has 1.8mg/L of iron. How much KMnO4 should be used to treat the

iron? {Each 1.0 ppm of Iron requires 0.91mg/L of KMnOy)

18‘“3/1_ 1ron Eooollm':i/l_ WiVlnOy
L ppm Fe

| 4™/

d. Your raw water has 6.6mg/L of manganese. How much KMnQOy should be used to treat
manganese? (Each 1.0 ppm of Manganese requires 1.92mg/L of KMnQj)

™G | Winoy = (ol )(109)
= QLT

e. Your raw water has 0.2mg/L of iron and 2.9mg/L. of manganese. How much KMnOy4
should be used? (0.91mg/L KMnOy4 per 1.0 ppm Fe; 1.92mg/l. KMnO4 per 1.0 ppm Mn)

M KMa0y = (0.8™9/L Fed(oatm/L)= O. \8a™3 A

. Koy = (AT M)(L98M0) = 5548 WD L
06.189+5.568 =5.15™3 /_

f. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 Ibs
per 1 gallon of water. How many mg KMnOs; is there per mL of solution?

085\ | 19l | 45869 [oom o oM
gl 318wl 1t T 1g 30 %/m\_-

Pre-treatment qnd Lab . 151
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g.  Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 lbs
per 1 gallon of water. If 55 gallons of KMnQjy is made at this ratio, how many pounds of
chemical are required?

\og = im\b_l_‘iﬁgd
%a\

= \%.75 \\:)S

h. The water plant is treating 2.0 MGD and the operator has determined that the KMnO4

dose should be 4.6mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnQ4 was made at the recommended 0.25 1bs/gal)

m\'/min:

(@ %'Wa/mm b g

= 807.|3 M/ i

i The water plant is treating 11.2 MGD and the operator has determined that the KMnQO,

dose should be 2.3mg/I.. How many mL/min must be pumped to obtain this dose? (The
KMnQ4 was made at the recommended 0.25 Ibs/gal)

(aq qb ‘“3 /mB ' \qubhun /daﬂ)
= 9259.,501™ min

J- Your raw water contains 0.7mg/L iron and 1.2mg/L. manganese. You have determined to

feed 0.4mg/L KMnQ, to overcome a taste and odor problem caused by an algal bloom in
addition to the amounts required to oxidize the iron and manganese. How many mL/min
should the liquid feeder be set to feed in order to treat 9.1 MGD? (The KMnO4 was
made at the recommended 0.25 Ibs/gal; 0.91mg/L. KMnOy4 per 1.0 ppm Fe; 1.92mg/L
KMnOy; per 1.0 ppm Mn)

Fe  0am3lieedloai™ /)= 0.b31 A
Mo (Lam3 /e mn(1.aam /L) = 3.304
ool = 0. L3/ + 8,304 ™8/ + (U™ /L = 33UITIf

BV CY qu\mwmgﬁgbﬂmw
finin = (90.96" foyr) (O™ day)

AT 35 ™M™ in

Y

152 Pre-treatment and Lab
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2.a.

Carus Chemicals recommends a 3% permanganate solution. If25 Ibs of KMnQj, are

dissolved in 100 gallons of water, what is the % by weight? y
a5 o ' | e

o N | . |
o strength= 55 b+ ao\p F 100 = 834 \b
= 2.91%

" To produce a 3% solution, how many pounds KMnOy should be dissolved in a tank 3.5

feet in diameter and filled to a depth of 3.5 feet? o\ .%a\= (6.185X 35X 3.5)(35) (1 .us)

Vos = (8515 a6k 8.3 0.03) = 85115904
(%-6,03) ‘

= UaY b

Your raw water has 2.8mg/L of iron. How much KMnO; should be used to treat the
iron? (Each 1.0 ppm of Iron requires 0.91mg/L of KMnOy4)

(28 )(0.a1mg )
= D55 [

Your raw water has 2.0mg/L of manganese. How much KMnQO4 should be used to treat
the manganese? (Each 1.0 ppm of Manganese requires 1.92mg/L of KMnOg)

(8.0™9 /) (1.99%9 /)
=13,8U"™9 /i

Your raw water has 0.2mg/L. of iron and 3.1mg/L of manganese. How much KMnQ,
should be used? (0.91mg/L. KMnOj4 per 1.0 ppm Fe; 1.92mg/L. KMnOj4 per 1.0 ppm Mn)

Fe  (0.9M3)0)(0A1™9)) = 0-188™8/L
Mn  (2.1M5)(1.89™9/) = 5.953 ML

Total = (0.189™3/L +5.950 ™9 1) = b.134 ™I /L

Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 lbs
per 1 gallon of water. How many mg KMnQ; are there per 100mL of solution?

0.251| V90l |us3.L,3|10comg
gl [3185mi] ' | \9 49.96™/mL.

(90(.%“‘8 /mm_) (\omL)= 304k Mg AMn Oy

Pre-treatment and Lab 153
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g. Carus Chemicals recommends a 3% permanganate solution mixed at a ratio of 0.25 lbs
per 1 gallon of water. If 67 gallons of KMnO; are made at this ratio, how many pounds
of chemical ate required?

0.95 ‘b/%a MY 3&&)
= W5\

h. The water plant is treating 14.5 MGD and the operator has determined that the KMnQ4
dose should be 3.9mg/I.., How many mL/min must be purnped to obtain this dose? (The
KMnO4 was made at the recommended 0.25 lbs/gal.)

oy - (3.9 [ §use00c099) (3.18500)
min (500" /mL)(lQQO‘“t"/AQS)

= U9Ll. 30\““"/ mnin

i. The water plant is treating 6.5 MGD and the operator has determined that the KMnQ,
dose should be 3.2mg/L. How many mL/min must be pumped to obtain this dose? (The
KMnO4 was made at the recommended 0.25 lbs/gal.) :

W\L/ 2. IR ) ) L
0T (90,609 o) (TUUoMfdey)

299908 " rain

j- Your raw water contains 2.2mg/L of iron and 0.7mg/L of manganese. You have
determined to feed 0.5mg/L. KMnOj4 to overcome a taste and odor problem caused by an
algal bloom in addition to the amounts required to oxidize the iron and manganese. How
many mL/min should the liquid feeders be set to feed in order to treat 5.4 MGD? The
plant flow is split evenly between two separate flash mixers. The KMnOy is being
introduced into each rapid mix by its own metering pump. ? (The KMnO4 was made at
the recommended 0.25 [bs/gal; 0.91mg/L KMnQy per 1.0 ppm Fe; 1.92mg/L. KMnO4 per
1.0 ppm Mn)

_(2.8™9 /(0.0 ) = 2.009™3 /L
(o-lm%/n(\qa%m L.3uy Mg
| To’m\ 8.009™ /11 \.3WUMG /L r0,5M /= 3. AUl L

i\ \G\N 5.4mEd I/a miyers = 31 MGD

Pre-treatment and Lab
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Softening

1. On a water sample the total alkalinity was 75 mg/L and the total hardness was
99 mg/L. What are the carbonate and noncarbgnate hardness concentrations in

mg/l?  TH=49 TA=T15 s TH>TA
noncarbonate= TH-TA = qqmg /i- 13™9 /L = QY Mg /L.

.Qor‘oom’ce =TF\ =15 ™9 /L

2. It takes 5.4 mL of 0.02 N H,SO, to reach a pH of 8.3 and a total of 11.7 mL to
reach the Methyl Orange end-point in a 100 mL sample. What is the carbonate,
bicarbonate, and hydroxyl alkalinity in mg/L as CaCO3? P<VaT

oo W(M(Eo0) T (BMMEooe) g TNP)= G

- Sompie Mo T sample vol _
p = (om0 gan(B0e) — (1) od)(s0ee)  C > (9)(P) = 168"
} 100 raL oo mL |
H - O‘m/z_
p=54M3/L T= 10

3. How many pounds per day of quicklime are required to treat 4.2 MGD with a
dose of 175 mg/L? The quicklime is 85% pure.
b fag = LdoseX(®low, MEDYBAY® o)
/Aoy - J
chem, ’\)\mw

- (118 Mg /) (W AMGD)Y(8.34)
- 0.85

=72\, b5 \b/a% .
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TDEC - Fleming Training Center : Section 13

1.

Applied Math for Water
Softening

On a water sample the total alkalinity was 98 mg/L and the total hardness was 112 mg/L.
What is the carbonate and noncarbonate hardness concentrations in mg/L?

TA=88™3 ) ; TH‘IIQ”‘S/L % TH>TA

non carbana‘re ~TH-TA= 112-98
=y g/
corbonote  TA = agm9 /L

It takes 3.2 mL of 0.02 N ;S04 to reach a pH of 8.3 and a total of 10.1 mL to reach the
Methyl Orange end-point in a 100 mL sample. What is the carbonate, bicarbonate and
hydroxyl alkalinity in mg/L as CaCOs? Ois less than Y2 T

Phengl ai 1——% = L iarbonatesT-2P=(a)(2)®) =31
i

cotbonce »(2P) =(2)(32) = L,4 ™
(3, gﬂ)l.!ga OQ&“fﬂMI 39 / | dm\d _ O
100 mL hdexide=0

Total alt.= Mﬂﬁﬂ.ﬁmj @Q@M bImB/L

It takeé 43 mL of 0.02 N H;S0; to reach a pH of 8.3 and a total of 8.2 mL to reach the
Methyl Orange end-point in a 100 mL sample. What is the carbonate, bicarbonate and
hydroxy! alkalinity in mg/L as CaCO;?

Py = (3m00N50000) - 43my) - Ty = (Bdnl)0.0IN) (3000) = 35",

oo mL 106 ML
£isgrester tan Y2 1a
biofbonate= O hydrowde=@)P)-T= ()U3)-88= 4™
carbonake = ((M-(Q)P) = ()89 -(a)(u3) = 1™y,

How many pounds/day of quicklime (Ca0) is required to treat 6.4 MGD with a dose of 148
mg/L. The quicklime is 85% pure.

Yo oy X Ao foa)
M lj 0/0 Qwﬂhﬁ
- (8™ A (1, MMGD)(8.3U o )

0.85

= ngg:] \b/da% Softening 161
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How many pounds/day of soda ash (NaCO3) would be required to treat 7.3 MGD with a

o) d%,: (30.8%9 ) )(7.3NMGDY(B.3u'0/ga1)

1t has been calculated that 112.5 mg/L. quicklime {CaQO) and 38.6 mg/L soda ash (NazCO3)
are required in treating a certain water. The quicklime to be used is 92% pure; the soda ash
is 100% pure, and the plant flow is 1.6 MGD. How many pounds per day of quicklime and

)40, - (1959 /0(LL MO8, Btt‘b/ua\\ m%”wb/&\%

0.94

Yo /A - (38,0 (8.34 bjgal) _ _ 515, Oglb/da%

J

5.
dose of 29.8 mg/L?
= 181433 b/ c\m&
6.
soda ash should be used?
Quich Wne
SodaGSh
Answers:
1. 98 mg/L Carbonate hardness
14 mg/L. Noncarbonate hardness
2. Carbonate = 64 mg/L as CaCO;
Bicarbonate = 37 mg/LL as CaCQs
Hydroxyl = 0mg/L as CaCOs
3. Carbonate = 78 mg/L as CaCO;
Bicarbonate = 0 mg/L as CaCOs
Hydroxyl = 4 mg/L as CaCO;
4. 9,294 lbs/day
5. 1,814 Ibs/day
6. 1,632 Ibs/day quicklime
515 lbs/day soda ash
162
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Temperature Conversions

1. 215°Fto °C

2.34°Cto °F

306

°C = (0.556)(F -39)
= (0551 (215-3)
=(0.550) (183) = 10(.15°C

°F = (1,8)(ec) +32
= (1.8)(34) +39
= .5 +39
= 03.9°F



Secﬁon 14 TDEC - Fleming Training Center

Temperature Conversions

Convert these temperatures:

Remember formulas on page 1 in your formula book
°C 0.556(°F — 32)
°F 1.8 (°C) + 32

1. 160°F to °C
°C=0.95L (1Lo-3)

=1LaeC

2. 70°F to °C
°C= 0.9%% (T10-39)

=al.\eC

3. 35°Cto°F |
°F=_1.8(38)+393

=A%°F

4. 45.5°Cto °F

C°F = 1.8(4558)+39

= 113.9°F
Answers: ' _
1. 71.1°C 2. 21.1°C 3. 95°F
164 ' Temperature Conversions

4. 113.9°F
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