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Section 1

Math Strategies and Calculator Review
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Calculator Review

TENNESSEE DEPARTMENT OF
ENVIRONMENT AND CONSERVATION

TDEC - Fleming Training Center

2", SHIFT, or
FUNC key
Instructs the
calculator to use
the 2" function.
The function
written above the
key.

ON, or ON/C key
Turns the calculator on.

2 Tews s - OXS
sin(8)+cos(

i

1 8 9
4 5 6
“ 1 2 3
0 (-)
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CE/C, or CLEAR key
Pressed once during a
number entry will clear
the display.

Pressed twice during a
number entry will clear
the display and all
previous operations.




2 Tous insreonents TI-BOM S

- Division key
Performs division

x Multiplication key
Performs multiplication

- Subtraction key

Performs subtraction

+ Addition key
Performs addition

Equals key
Performs all pending
operations

TDEC - Fleming Training Center

1t the pi key
Enters the value
of pi with as
many decimals as
the calculator can
display.
3.141592654

TDEC - Fleming Training Center

EE or Enter Exponent key
This key uses the scientific
notation mode.

Sometimes you may see a
number like 6.9451 or 5.31-4
They would be written out
long hand as
69,450,000,000

0.000531

You can use EE to get
scientific notation into the
longhand.

1.23, =1.23 EE4=12300
5.735 = 5.73 EE-3 =0.00573




key

This key will take a number to
another power.
9AI3=9x9x9=729

Nine cubed or nine to the
third power is 729.
2815=2x2x2x2x2=32
Two to the fifth power is 32.

V or Square Root key

of a number.
V144 =12
v9=3

use this function.

This key will take the square root

On this calculator you must push
the 2" key and then the X.key to

X. key or Square key

itself.
5:=5x5=25

This key takes a number and
squares it. The number times

EC - Fleming Training Center

2 Tews wsmoes TI-BOXIS

BT STAT

STATVAR  CLEAR

LOG key

Takes the Base
10 logarithim of
a number

LOG 100 =2
LOG10,000 = 4
LOG 200 = 2.30

* Texas INSTRUMENTS 'H ‘30)( I[S

sIn(8 ) 4oy
1139 1548

£ STAY
Starvar. CLEAR
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% , or Percent key
This key divides the
displayed value by 100
showing it’s decimal
form.

50 (%) =.5

250 x 5 (%) = 12.5

On this calculator you
must press 2" and then
( to use this function.




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 (hnumerator) and
below the line (denominator).

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

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



Calculator Review Problems

Solve the following equations
1. 4 -18+236=

53.867 + 243.1234 =

98.12-64.5 =

(48) (643) (210) =

47 - 6.4 =

54231x15=

o U s WD

Convert Scientific notation into long hand

1. 1.478 x10% =

2. 3.45x10° =

3. 7.66x 107 =
4. 54876 x 1073 =

Use A, x2 and V functions

1. 16%=
2. 47% =
3. 9=
4. V169 =
5. V52,6 =

Convert percent to decimal

1. 42% =

2. 0.07% =
3. 19% =

4. 30.94% =

Find the LOG of the following numbers

1. 1000 =
2. 234=
3. 600 =



Answers

o U~ W N P

A W N -

1.
2.

3
4

w N

. 236.22

. 296.9904
. 33.62

. 6,481,440
.7.34

. 3470

. 147,800,000
. 345,000
.0.000766
.0.0054876

. 256

. 4,879,681
. 729

13

. 7.25

0.42
0.0007
.0.19
.0.3094

.2.37
.2.78
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Section 2

Fractions, Decimals, and Percents
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Fractions, Decimals,
Percents and Averages

!!!!!!!!!!!!!!!!!!!!! - i ini
TRV RORMENT AND CONStRVATION | DEC - Fleming Training Center
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Fractions

e Fractions were developed thousands of years ago so
that portions of a whole object could be counted,
recorded and perhaps be shared equally.

TDEC - Fleming Training Center




Fractions

The numerator is the
/ number above the division
3 line. The numerator indicates
C——1 piision lne how many parts of the whole
10 object are being considered.
\' The denominator gives the
name of the fraction. It tells
how many equal parts that the

whole object has been divided
into.

TDEC - Fleming Training Center
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Equivalent Fractions

¢ The best way to think about
equivalent fractions is that they are
fractions that have the same D
overall value. Equivalent fractions
represent the same part of a

whole. h
® 15, 2/4, and 4/8 are equivalent v

fractions.
e To determine if fractions are h
equivalent, cross multiply. bv

TDEC - Fleming Training Center

1/2

2/4

4/8

13
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3 9
Are these two fractions I —
equivalent fractions? 4 12
3 9 Take the two fractions and
— S — set them up side by side.
4 12 Multiply the numbers that
. are diagonal from one
Only if... another.
3x12=4x9 3 is diagonal from 12
4 is diagonal from 9
Check...

Compare the results of the
36 =36 two multiplications.

If the numbers are the same

they are equivalent

fractions.

TDEC - Fleming Training Center

Reducing Fractions

e |t is easier to work with fractions
that have small numbers in the
numerator and denominator.

9 9+3=3 3 ¢ To reduce a fraction you must
e T find a number that will divide
12 12:3=4 evenly into both the numerator
and the denominator, then divide
by that number.

e Then write the reduced
numerator over the reduced
denominator

TDEC - Fleming Training Center
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Decimals

e The word decimal comes from
the Latin decem which means
ten.

e This is also where we get the
name of the month December
which was the tenth month in

000. :1_ 000 the Roman calendar.

¢ The decimal system is based on
the number ten and multiples of
ten.

Tenth

Hundredth
Thousandth

TDEC - Fleming Training Center 7

A/

Converting Fractions to Decimals

e To convert fractions into decimals simply divide the
numerator by the denominator.

e (1+2)=0.5

® 10/13 (10 + 13) = 0.7692

® 43/100 (43 +100) = 0.43

TDEC - Fleming Training Center 8
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Converting Decimals to Fractions

¢ The entire number goes in the numerator,
disregarding the decimal point.

¢ The denominator is determined by how many decimal
places to the right the number goes.

® 0.56 = 56/100

® 0.5=5/10

e Reduce the fraction if possible
® 56/100 =14/25

®5/10 =1/2

TDEC - Fleming Training Center 9

A/

Percents

¢ The word percent comes from the
Latin phrase per centum, which
means per hundred.

¢ In mathematics, we use the symbol,

100 %, for percent.
. : . :
85 = 85% Percentfs are ratios with 100 in the
100 denominator
0.5 =0.5%
100

TDEC - Fleming Training Center 10




Changing Percents into Fractions

33% = 33
100 e To convert percents into fractions,
simply write the number over 100
and drop the % symbol.
795% =175
100

e Reduce the fraction if possible.
75 (75+25) =3
100(100+25)=4

TDEC - Fleming Training Center

/ﬁ\/

//A\

Changing Percents into Decimals

_ _ ¢ To change percents into
45% =45 =0.45 decimals, divide the number

100 by 100 and drop the percent
sign.

23% = 0.23 =0.23 e Or, move the decimal 2

places to the left and drop
21 the percent sign.

%
Move left

TDEC - Fleming Training Center
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Changing Decimals into Percents

¢ To convert a decimal
into a percent, 0.53 = (0.53 x 100) = 53%
multiply by 100, add
the percent symbol.

¢ Or, you can take the
decimal two places to
the right andpadd the 0.25= 2l - =250

percent symbol.

Move rlght

TDEC - Fleming Training Center

//A\\
Percents: Word Problems

Word Math Symbol
of multiply (x)
is equal to (=)
what unknown (N)
find N =
e What is 5% of 400? N = 5% x 400
N =0.05 x 400

N= 20

TDEC - Fleming Training Center
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Averages

20 mg/L
40mg/L
35 mg/L
60 mg/L
47 mg/L

32 ma/L

234 mg/L—— The sum of all
values in the set

234 mg/L + 6 = 39 mg/L

The sum of
all values in
the set.

There are 6 valuesin ~ ® The average, also called

the set. The values
represent total

the arithmetic mean, for

alkalinity measured a set of numbers can be

each day in the raw

water.

The number of

found by taking the sum
of all the numbers in the
set and dividing the sum
by the number of values in
the set.

The average

values in the total alkalinity
set in the raw
water.
TDEC - Fleming Training Center 15




Fractions, Decimals, Percents and Averages

Are the following fractions equivalent? (Circle your answer.)

ta)57 Pyt 9%t Dy
5.a) < = b) 2 c)-2= d)
6.a)-= b—== c—== d)z
7.2)==  b)= c)== d)=

oo
QO
~
vl w
I
O
~
I
@)
~
N
I
Q.
~
Wk
I
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Convert the following decimals into fractions in lowest terms.

12.

13.

14.

15.

16.

0.98 =

0.516 =

1.23 =

0.84 =

7.5=

Change the following percents into fractions in lowest terms.

17.

18.

19.

20.

21,

33% =

12% =

45% =

75% =

110% =

21



22. 0.5% =

23. 16.3% =
24, 25% =

25. 100% =
26. 30.4% =

Change the following percents into decimals.

27. 16% =
28. 75% =
29. 20% =
30. 0.07% =
31. 120% =
32. 88.7% =

Change the following decimals into percents.

33. 0.531 =
34. 0.66 =
35. 1.21 =

36. 0.08 =

22



37.
38.
39.
40.

41.

Solve the following word problems.

42.

43.

44,

45.

46.

47.

48.

19.5 =

0.406 =

11.0 =

0.278 =

What is 10% of 557

What is 15% of 1257

50% of 840 is what?

What is 7% of 11257

110% of 50 is what?

50 is what % of 3007

29 is what % of 2007?

23
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49.

50.

51.

52.

53.

54.

95.

56.

o7.

58.

99.

What is 5% of 10.7?

20 is what % of 1107

15 is what % of 407

10 is what % of 57?

28% of what is 537

292 is what % of 29527

68% of 2140 is how much?

9 is what percent of 487?

219 is what percent of 3027

167 is 4% of what number?

You need to disinfect a 300,000 gallon storage tank. The
method you are using calls for you to dose 5% of the tank
volume with 50 mg/L chlorine. What is 5% of 300,000 gallons?



Find the arithmetic mean (average) of the following sets of values.

60.

61.

62.

63.

What is the high temperature of the week in °C? (Data for
seven days : 21°C, 25.2°C, 19°C, 22°C, 20°C, 19.4°C, and
20.1°C)

What was the average chlorine residual measured in the
distribution system? (0.2 mg/L, 0.7 mg/L, 0.5 mg/L, 0.8 mg/L,
1.2 mg/L)

What is the average weight of a 1 L volumetric flask? (700 g,
701 g, 698 g, 690 g, 704 g, 697 g, 705 Q)

What was the average flow for the year in MGD through the
Randyville Wastewater Plant? (Jan = 1.32 MGD, Feb=1.21
MGD, Mar=1.5 MGD, Apr=1.6 MGD, May=1.95 MGD, June=1.8
MGD, July=1.7 MGD, Aug=1.65 MGD, Sep=1.5 MGD,
Oct=1.25 MGD, Nov=1.6 MGD, Dec=1.92 MGD)

25



Answers

1. Yes 2. No 3. No

4.a)1/3 b) 1/3 c)1/8 d) 1/8

5.a)3/4 b) 4/5 c) 3/5 d) 8/9

6.a) 7/19 b) 3/8 c) 17/30 d) 4/13

7.a)9/16 b) 5/28 c) 1/12 d) 1/12

8.a)0.6 b) 0.69 c) 1.75 d) 0.33

9.a)0.83 b) 0.32 c)0.4 d) 0.08

10.a) 3 b) 0.29 c) 0.73 d) 0.44

11.a) 0.25 b) 3 c) 0.22 d) 0.33

12.49/50 13.129/250 14.123/100 15.21/25 16.15/2
17.33/100 18.3/25 19.9/20 20.3/4 21.11/10
22.1/200 23.163/1000 24.1/4 25.1 26.38/125
27.0.16 28.0.75 29.0.20 30. 0.0007 31.1.2
32.0.887

33. 53.1% 34. 66% 35.121% 36. 8% 37.1950%
38.40.6% 39. 1100% 40. 100% 41.27.8%

42.5.5 43.18.75 44. 420 45.78.75 46. 55
47.16.67% 48.14.5% 49. 0.535 50. 18.2% 51.37.5%
52.200% 53.189.29 54.9.9% 55. 1455.2 56. 18.75%
57.72.5% 58. 4175 59. 15,000 gal

60. 20.96°C 61.0.68 mg/L 62.699.3g 63. 1.58 MGD

26
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Powers, Roots and Scientific Notation
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Powers, Roots, and Scientific
Notation

EEEEEEEEEEEEEEEEEEEEE TDEC - Fleming Training Center

Powers

/-m- An expression such as 8% is

called a power.
e |tisread as 8 to the fourth

84
\ power.
* The exponent indicates how

many times a number is to
be multiplied together.

e The base is the number that
is being multiplied.

(8) (8) (8) (8) = 4096

TDEC - Fleming Training Center




Powers

2
X
e The same consideration can be
[base | applied to letters as well.
X2 = (x) (x)
exponent
10? e Any number that is not written
. with an exponent is considered to
(10) = 10 have an exponent of 1.
Powers
7°=1 e Any number that has an
40 =1 exponent of 0 is equal to one.
x0 =1
3221 e Any number that has a negative
32 exponent can be inverted and
1 written with a positive
(3) (3) exponent.

TDEC - Fleming Training Center 4
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Square root
sign

Roots

V64 =38 e Arootis a number that when
multiplied together two or more
(8) (8) =64 times, equals the original b
— , equals the original number.
\/8/'{2 sign e Asquare root is a number that
- which when multiplied together 2
times, equals the original number.
2 2)2)=8 * A cube root is a number that
when multiplied together 3 times,
equals the original number
The power ROOtS
of the base
4 to the 1t
/ power e Fractional exponents indicate
41/2 that a root is to be taken.
* The numerator of the fractional
o exponent is the power of the
be taken is base,
2 or the
squareroot | o The denominator of a fractional
, exponent is the root to be taken.
4172 = Y4t
=v4

=2

TDEC - Fleming Training Center




Calculators and Powers and Roots

N A key
43 s s T-BOX S

N,
Fe

Takes a number to a power.
For example, if you want to
know what 7° is you would
typein7 M key 9 =

x% key

Squares the number. Takes
the number and multiplies
it by itself.

For example if you want to
know what 542 is you
would type in 54 x? key =

TDEC - Fleming Training Center 7

Calculators and Powers and Roots
V key

Takes the square root of a
number.

For example to find the v144
Type V then 144 =

On this calculator, it’s a second
function

Type 2" then x? then 144

V key

Takes any root of a number.

For example, to find the is

Type 3 then V then 8 =

On this calculator, it’s the second
function.

TDEC - Fleming Training Center Type 3 then2" then ~ then 8 = 8

31
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Scientific Notation

Scientists (and operators) often work
with numbers that are very large or
very small.

For example the distance from Earth
to the sun. A~

149,476,000 km
The mass of an atom in grams @

0.00000000000000000000000166 g —

Or flow through a Tennessee water
plant in gallons per day

6,301,000 gpd

TDEC - Fleming Training Center 9

Scientific Notation

Scientific Notation is a method of writing large and small
numbers with out all the zeros.

The number is written multiplied by a power of 10.
To write a large number move the decimal place to the left
until there is only one number to the left of the decimal.

The resulting number is multiplied by a power of 10,
(positive exponent) equal to the number of decimal places

moved.

6,301,000. = 6.301 x 10°

6 places T

Original position of
the decimal point

| Positive exponent

TDEC - Fleming Training Center 10




Scientific Notation

* Small numbers are changed in the same way but in the

opposite direction.

* The number is written multiplied by a power of 10, but a

negative exponent.

* To write a small number move the decimal place to the
right until there is only one number to the left of the

decimal.

* The resulting number is multiplied by a power of 10,
(negative exponent) equal to the number of decimal places

moved.

0.0000562 =5.62 x 10~

5 places

Original position of
decimal

Negative
exponent

TDEC - Fleming Training Center 11

Scientific Notation
e Taking numbers out of scientific notation.

e To take a number out of scientific notation
simply multiply the number by the power of

10 that is indicated.

4.56 x 10° =
4.56 X (10)(10)(10)(10)(10)(10)
4.56 x 1,000,000 = 4,560,000

1.54 x 103 =

1.54 x 1/ (10)(10)(10)

1.54 x 1/1000

1.54 x 0.001 = 0.00154

TDEC - Fleming Training Center 12
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Calculators and Scientific Notation

1;n(8)+c5,' i
1

[x

SCI/ENG mode key

If you want to get numbers into Scientific
Notation.

Press 2" then this key. A menu with three
options FLO or NORM, SCI, and ENG will
appear.

Choose SCI to go into Scientific Notation.

EE or Enter Exponent key

This key uses the scientific
notation mode.

You can use EE to get scientific
notation into the longhand.
1.23, =1.23 EE 4 =12300
5.73s =5.73 EE-3 = 0.00573

TDEC - Fleming Training Center 13




Powers, Roots and Scientific Notation Practice Problems

Write the following numbers in expanded form as factors.

1. 62

2. 10*

35



Write the following numbers using exponential notation.

9. 4)@4)4)

10. (x) (x) (x) (x)

11. 90)___

12.  (16)(16) (16) (16) (16)
13. (2)2)2)2)(2) ____

14. (D)X (S)N()

5. 8)___

16. (2)2) (3)B) )

Solve the following problems.

17. (0.785) (4%) =

18. (2%) (3% =

19. (36) (14) (2°) =

20. (5% * (2% =

36



Write the following in radical form. (fractional exponents into v/x )

21, 1442 =

22. 273 =

Write the following numbers in exponent form (+/x into fractional
exponents).

23. V450 =
24 V27 =

Complete the following problems.

25. 1442 =
26. V6400 =
27. V1000 =
28. Vad=
29. 64" =

30. (2)(3)(v81) =




Write the following numbers in Scientific Notation.

31. 6,150,000

32. 0.00345

33. 1004

34. 0.000007

35. 849,200

Write the following scientific notation numbers as normal numbers.

36. 2.34 x 10°

37. 9.28 x 1072

38. 7.34 x 10°

39. 8.032x 10™

40. 1.234 x 10

38



Answers

(6)(6)
(10)(10)(10)(10)
(x)(x)(x)

1
(13)(13)(13)(13)(13)(13)
(D)D)

(8)
(14)(14)(14)(14)
9. 43

10.x*

11.92

12.16°

13.2°

14.D°

15.8'

16.(2%) (3%
17.12.56

18.324

19.4032

N ORA WD =

20.1000
21.4/144
22.327
23.450'2
24.27"3

25.12

26.80

27.10

28.8

29.4

30.54
31.6.15x 10°
32.3.45x 107
33.1.004 x 10°
34.7.0x 10
35.8.492 x 10°
36.2,340,000
37.0.0928
38.7,340
39.0.0008032
40.123.4

39
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Solving for the Unknown

41



Solving for the Unknown

.....................
ANVIRONMENT AND CONIIRVATION

TDEC - Fleming Training Center 1

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.

1. X must be in the numerator.
2. X must be by itself on one

side of the equation

TDEC - Fleming Training Center 3

Is x in the numerator?

1. 23 x =145 1. Yes

2. 1+x=27 2. Yes

3.13=(2) (x) (4) > YOS
4. Y

4. 107 = 42-x °
5. No

5. 1(2)= 67

X

TDEC - Fleming Training Center 4

How do | get x by itself?

x-10 =35
x-10 =35+10
x=35+10

x =45

16=x+4
16-4=x+4
16-4 =X

12 =X

Part 1: Addition and Subtraction

+ To get numbers away from x
we must move them across
the = sign.

* When a number crosses the
equal sign it does the opposite
of what it was doing on the
other side.

+ If 10 is being subtracted on
one side, than it will be added

when it crosses the equal sign.

TDEC - Fleming Training Center 5

42

How do | get x by itself?

Part 2: Multiplication and (6)x = 60
Division

« If a number is being x =60
multiplied by or divided into 6

X is must be moved across

the = to get x by itself. «
* Numbers will move at a 3

diagonal when they cross X

the equal sign. X

TDEC - Fleming Training Center 6




What if x is not in the numerator?

2=4 « If x is in the denominator it

x=" can trade places with a
number on the other side of

2 =x the = sign.

4 « Flip-flop

05=x + This is the only time you
can move X.

* If x is in the numerator DO

NOT MOVE x.

TDEC - Fleming Training Center 7

When solving for X, if you have +/- and */+

When solving for an unknown
that involves more than one

Practice

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

Step 1 yes the numerator
:(Szt;’)p(?w) 172,04 Step 2. Simplify the numbers

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

Step 4. Solve the equation

2x -5=40
ox -5 = 40 +5 process.
2x =45 1. Do the addition and
?4;, subtraction first
o 2. Then do the multiplication
x=22.5 and division.
Practice
(8)(x) = 21 Step 1. Determine if x is in
the numerator
3)(3
(St)( ) Step 2. Simplify the
ep 1yes
Step 2 numbers
~ Step 3. Get x by itself
(_)j_)_sgx =21 Step 4. Solve the equation
Step 3 Step 4
8)(x) =21 (8)(x)=(21)9) x=(21)9 x = 23.625
9 8

TDEC - Fleming Training Center 10

Step 3
(172.04) (x) = 542
T
X =542
172.04
Step 4
x=3.15 TDEC - Fleming Training Center 9
Practice
Step 1. Determine if x is in the
80 =3700 numerator
Step 2. Simplify the numbers
X Step 3. Get x by itself
Step 1 No Step 4. Solve the equation
Step 2
Already simplified
Step 3 Step 4
80 = 3700 80 =x 0.0216 = x
=2
X 3700

TDEC - Fleming Training Center 1"

Solving for x2

» 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 x2 is in the numerator
Step 2. Simplify the numbers

Step 3. Get x2 by itself

Step 4. Solve the equation

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

TDEC - Fleming Training Center 12
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Solving for x?

(x) (0.785) = 2826
Step 1 Yes
Step 2 already simplified

Step 3
(x?) (0.785) = 2826

(x?) = 2826
0.785

Step 4

(x?) = 3600

Step 5
Vx2 = V3600
X =60

Step 1. Determine if x2 is in
the numerator

Step 2. Simplify the
numbers

Step 3. Get x2 by itself

Step 4. Solve the equation

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

TDEC - Fleming Training Center 13
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Things to remember

Only move x if it is the denominator.

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

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

x=5
5=x
They mean the same thing!

TDEC - Fleming Training Center 14




Solving for the Unknown

Basics — finding x

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

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

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

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

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

45
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11.

1

N

13.

14.

15

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.

17.

18.

19.

20.

(3000)(3.6)(8.34) = 23.4

(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)




Finding x*

21. x*=100

22. (2)(¥%) = 288

23. (0.785)(D?) = 5024

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

26.(0.785)(D%) = 0.54

27.2.1 = (0.785)(D?)(15)(7.48)

(0.785)(80)(80)
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Extra Problems: Solving for the Unknown

Basics — finding x

1. 7+10+x+7+9=41

2. 95-x=8.7

3. X+93 =165

4. 10.1=95+x

5. X+ 15=19 + 22

6. 16 = (2)(X)

7. 8.1 = (3)(x)(L.5)

8. (0.785)(0.33)(0.33)(x) = 0.49

S
N
w
Il

44
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11. 56.5 = 3800
(x)(8.34)

12. 10 = _ X

13. 940 = X

(0.785)(90)(90)

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

15. 114 = (230)(1.15)(8.34)
(0.785)(70)(70)(x)

16. 2 = __ X
180

17. 46 = _(105)(x)(8.34)
(0.785)(100)(100)(4)

18. 2.4 = (0.785)(5)(5)(4)(7.48)
X

49



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

20. (15)(12)(1.25)(7.48) = 337

X

21. _ x = 213
(4.5)(8.34)
22. X = 2.4

246

50

23.6 = (x)(0.18)(8.34)
(65)(1.3)(8.34)

24. (3000)(3.6)(8.34) = 23.4
(0.785)(x)

25. 109 = X
(0.785)(80)(80)

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



27. 2.5 = 1,270,000
X

28. 0.59

(170)(2.42)(8.34)

(1980)(x)(8.34)

29. 142 = (2)(x) + 13

30. (3.5)(X) — 62 = 560

51



Finding X2

31. x> =100

32. (2)(x%) = 288

33. 942 = (0.785)(x*)(12)

34. 6358.5 = (0.785)(x%)

35. 835 = 4,200,000
(0.785)(x?)

52

36. 920 = 3,312,000
2

37. 23.9 = (3650)(3.95)(8.34)
(0.785)(x%)

38. (0.785)(D?) = 5024

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



40. 51 = 64,000
(0.785)(D?)

41. (0.785)(D?) = 0.54

42. 2.1 = (0.785)(D?*)(15)(7.48)

(0.785)(80)(80)
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Solving for Unknown Answers

©CoNOO~WDNE

1.8

5.73

5.3
5,976,990
8256.6
8.06
0.005

360
1649.4

. 2447
.11

. 4.99

. 7993.9
. 590.4

. 2816.7
. 4903.5
. 547,616
. 117.3

. 508,000
. 0.35

. 10

.12

. 80

.12

. 40

. 0.83

. 10.9

Extra Problems Answers

8

0.8

72

0.6

26

8

1.8
5.73

2

10. 5.3

11. 8.06
12. 40

13. 5,976,990
14. 8256.6
15. 0.005
16. 360

17. 1649.42
18. 244.66
19. 10.99
20. 4.99
21. 7993.89
22. 590.4
23. 2816.67
24. 4903.48
25. 547,616
26. 117.31
27. 508,000
28. 0.35
29. 64.5
30. 177.71
31. 10

32. 12

33. 10

34. 90

35. 80

36. 60

37. 80

38. 80

39. 12

40. 39.98
41. 0.83
42. 10.94

©CoNoOO~WDNE



Section 5

Ratios and Proportions
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Ratios and Proportions

o

10

EEEEEEEEEEEEEEEEEEEEE TDEC - Fleming Training Center

Ratio

e Aratio is a comparison of two numbers.
* We generally separate the two numbers in the
ratio with a colon ().

e For example, suppose we want to write the
ratio of 8 and 12.
We can write this as 8:12 or as a fraction 8/12,
and we say the ratio is eight to twelve.

TDEC - Fleming Training Center 2




Ratios

e We use ratios to make . A

comparisons between

two things.

e Ratios can be
3 ways.

* Fraction
e Word (to)
e Colon (:)

AA
written .. A

What is the ratio of squares
to triangles?

3/4

Three to four

3:4

TDEC - Fleming Training Center

Comparing Ratios

Is 3:4 equal to 6:8
3=6
478
3*8=24

4*6=24
24=24

The ratios are equal

Cross multiply

e To compare two ratios we
write them as fractions.

* If the cross products of the
fractions are equal than the
ratios are equal.

e HINT(remember the
equivalent fractions from
Section 1)

TDEC - Fleming Training Center
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Proportion

* A proportion is an equation with a ratio on each
side. It is a statement that two ratios are equal.
3/4 = 6/8 is an example of a proportion.

* When one of the four numbers in a proportion is
unknown, cross products may be used to find the
unknown number.

* This is called solving the proportion.

e Question marks or letters (such as x) are
frequently used in place of the unknown number.

TDEC - Fleming Training Center 5

Solving proportions

2:3=6:X
2 =6 Step 1 Step 1 If the proportions are
3% not written as fractions,
2*x=2x Step?2 change them to fractions.
3*6=18
2x =18 Step 2 Then cross multiply.
2x =18 Step 3
\

x=18 x=9 Step 3 Then solve for the

5 unknown.

TDEC - Fleming Training Center 6




Solving Proportion Problems
* One ft3 is equivalent to 7.48 gallons. How

many ft3 is equivalent to 35 gallons?

e The word problem must be written as mathematical
ratios.

¢ How would we re-write the word problem into
mathematical ratios?

TDEC - Fleming Training Center

Solving Proportion Problems

e One ft3 is equivalent to 7.48 gallons. How
many ft? is equivalent to 35 gallons?

o 1ft3:7.48 gal = x ft3 : 35 gal

TDEC - Fleming Training Center 8
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Practice Solving Proportions

1ft3:7.48 gal = x ft3: 35 gal
1 = x

- Step 1 Set up as fractions
7.48 35

1*35=35 Step 2 Cross multiply

7.48 * x=7.48 x

3?8 X Step 3 Solve for x

35 =x

7.48

4.679=x So, 4.679 ft3 is equivalent to 35 gallons

TDEC - Fleming Training Center




Basic Math for Water and Wastewater

Proportions

Solving a Proportion Problem
1. 2:3=6:X 6. 15:3::X:4
2. 25:X:110:2 7. X:30=8:12
3 g:i 8 E:E

3 8 8 X
, X _3 o, 4196

X _ 49

5. 1:144::X:1296 10. — = —

61



Setting Up a Proportion

11. One gallon is equivalent to 3.785 liters. How many gallons are equivalent to 75
liters?

12. On the average one bag of chemical is used up in 3.5 days. At this rate, how many
bags of chemical will be required during a 120-day period?

13. Suppose you wish to maintain a weir overflow rate of 12,000 gpd/ft (this is 12,000
gpd flow for each one-foot of weir length). If the weir length is 180 ft, what gpd
flow will result in the desired weir overflow rate?

14. A total of 5.4 Ibs of hypochlorite are dissolved in 80 gallons of water. For a solution
with the same concentration, how many Ibs of hypochlorite must be dissolved in 30
gallons of water?

15. A treatment pond is designed for a population loading of 300 persons per acre of
pond. If the population to be served is 1240 people, how many acres of treatment
pond will be required?

62



20

20

56

9. 25

10. 7

11.19.82 gal
12.34.29 bags
13.2,160,000 gpd
14.2 lbs

15.4.1 acres

ONoO~WDNE
©

Answers Proportion Problems
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Section 6

Metric System and Temperature
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The Metric System and
Temperature Conversions

TENNESSEE t‘:\mauumt oF TDEC - Fleming Training Center 1

?  The Metric System

* Designed during the 1790's, the metric
system brought order out of the

Zolotnik oo sone systems of weights and measures then
Z1/6 ounce - 141bs being used in Europe.

i -

— ; conflicting and confusing traditional
-

* Prior to the introduction of the metric
system, it was common for units of

D length, land area, and weight to vary,

S not just from one country to another

but from one region to another within

the same country.

So why is it important to have a common
system of measurement?

S

TDEC - Fleming Training Center 2




Metric mishap caused loss of
NASA orbiter (September 30, 1999)

NASA lost a $125 million Mars orbiter
because a Lockheed Martin engineering
team used English units of measurement
while the NASA team used the more
conventional metric system for a key
spacecraft operation.

The engine fired but the spacecraft came
within 60 km (36 miles) of the planet --
about 100 km closer than planned and
about 25 km (15 miles) beneath the level at
which the it could function properly, mission
members said.

TDEC - Fleming Training Center 3

The Metric System

* The metric system is founded on base units.
e The base unit of mass is the gram.

e The base unit of length is the meter.

* The base unit of volume is the Liter.

e To go from small to large quantities the base
units are described by prefixes which
represent a power of ten.

TDEC - Fleming Training Center 4
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The Metric System

What it means in

Prefix Symbol It means words

mega M 1000 000 One million
kilo k 1000 One thousand
hecto h 100 One hundred
centi c .01 One hundredth
milli m .001 One thousandth
micro M .000 001 One millionth
nhano n .000 000 001 One billionth

TDEC - Fleming Training Center

The Metric System: Conversions

Kilo - means 1,000
To convert Up -

we by 10

Deci - means 1/10 0r 0.1

Hecto - means 100

Deka - means 10

Chart works around the ones place i
€.4. 1 meter, gram or liter

Down
Multiply by
10

When converting any type of measures

*To convert from a larger to smaller metric unit you always multiply
*To convert from a smaller to larger unit you always divide

*The Latin prefixes used in the metric system literally mean the
number they represent.

Centi - means 1/100 or 0.01

mili - means 1/1000 or 0.001

TDEC - Fleming Training Center




Metric System Problems

Convert 0.5 L into mL.
Large to small (multiply)

Kile - means 1,000
To convert Up -

Divide by 10
05L

X10

Hecto - means 100
Dekar - means 10

Chart works around the ones place )
€.g. 1 meter, gram or liter

) X 10
Deci-means 1/10 or 0.1
Down Centi - means 17100 or .01
Multiply by
10 il - means 171000 or 0.001

TDEC - Fleming Training Center 7

=500 mL

Metric System Problems

N Convert 8,540 grams into Kg.
é Small to large (divide)

= 8.54 Kg Kilo - means 1,000

To convert Up -

Divide by 10
8,540 g
Chart works around the ones place

e.g. | meter, gram or liter

Hecto - means 100

Deka - means 10

Deci-means 1/10 or 0.1

Down Centi - means 1/100 or0.01
Multiply by
10 il - means 1/1000 or 0.001

TDEC - Fleming Training Center 8
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Temperature Scales

The Fahrenheit scale is
named for the 18th-
century German physicist
Daniel Fahrenheit.

His scale is based on 32 for
the freezing point of water
and 212 for the boiling
point of water, the interval
between the two being
divided into 180 parts.
The scale was in common
use in English speaking
countries until the 1970’s
when Europe and Canada
adopted the centigrade
(Celsius) scale.

The U.S is the only country
that still uses the
Fahrenheit scale.

TDEC - Fleming Training Center

- Water -
212°F o
212°F boils 100°C

50°C
98.6°F 37°C
32°F WO LGRE
freezes
—40°F : —4{)D(
Dry ice -50°C
-108°F (solid CO,) --78°C
- -100°C
-150°C
q -191°C
-312°F L -200°C
air
-250°
oo Absolute 7:(1ug
—459°F-li—" .o -27:
Fahrenheit Celsius
(Centigrade)

The Celsius temperature
scale is named for the in
the Swedish astronomer
Anders Celsius who
invented the scale in
1742.

The scale is based on 0
for the freezing point of
water and 100 for the
boiling point of water.

It is sometimes called
the centigrade scale
because of the 100-
degree interval between
the defined points.

Temperature Scales

The conversion formula
for a temperature that is
expressed on the Celsius
(°C) scale to its
Fahrenheit (°F)
representation is:

F° = (9/5)(°C) + 32.

Water

212°F boil 100°C
S
50°C
98.6°F W 37°C
o ater o
S freezes 0°C
s
08°F Dry ice 78°C
-1 (solid CO») o
- -100°C
-150°C
iqui -191°C
-312°F "‘,“‘I':'d -200°C
~250°
Absolute — C
—459°F zero -273°C
Fahrenheit Celsius
(Centigrade)

TDEC - Fleming Training Center

The following formula
can be used to convert a
temperature from its
representation on the
Fahrenheit (°F) scale to
the Celsius (°C) value:

°C = (5/9)(°F- 32).

10




Temperature Conversions

| | You are going on a vacation in the U.K.
The BBC news weather report says the

P dBIRN temperature in London is 22°C, so
should you pack shorts or sweaters?

°F = (9/5)(°C) + 32

°F = (1.8) (22°C) + 32
°F=(39.6) +32=71.6
°F = 71.6°F

TDEC - Fleming Training Center 11

Temperature Conversions

You are calculating the Langelier Index which is a
measure of a water’s corrosiveness. The
formula requires that you know your water
temperature in °C . Your thermometer only
reads °F.

The temperature of the water is 50°F.

°C=(5/9)(°F- 32)
°C=(5/9) (50 -32)
°C=(0.556) (18) = 10
°’C=10°C

TDEC - Fleming Training Center 12
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Metric System and Temperature Conversion Practice
Problems

Convert the following.

1. 23 ginto mg

2. 12,456 m into km

3. 4235 mL into L

4. 200 mg into kg

5. 1000 watts into kwatts

6. 0.05 g into ug

7. 20 deciliters into mL

8. 140 kg into g

9. 9.5 cm into mm

10. 100 milliseconds into seconds

Convert the following.

1. 12 C°into °F

2. 80 F°into °C

3. 150 F°into °C
4. 100 C°into °F

5. 32 F° Into °C

72



Answers

10.0.1 seconds

Part 2

23,00 mg
12.456 km
4.235L
0.0002 kg
1 kwatt
50,000 ug
2000 mL
140,000 g

95 mm

53.6°F
26.67°C
65.6°C
212°F

0°C
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Section 7

Unit Conversions and Dimensional Analysis
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Conversions and Dimensional

Analysis
Feet?
Acres ?
)
Minutes 2 T — Gallons ?
MILES ?

THEC Pounds?

:::::::::::::::::::::
||||||||

TDEC - Fleming Training Center 1

Conversions

To convert between units you need to know two
things

1. The number that relates the two units

O For example, 1 foot =12 inches

2. Whether to multiply or divide by that number.
O Smaller to larger unit or larger to smaller unit

TDEC - Fleming Training Center 2




Flow Conversions — Box Method

Small box to large box: Multiply

\ 4

cfs

gps

7.48 7.48 7.48
60 1440 gpd
gpm
v

A

Large box to small box: Divide

TDEC - Fleming Training Center 3

ft3

1 .
gallons .

1 .
POUNDS

Dimensional Analysis

Dimensional analysis is by far the most
useful math trick you'll ever learn.

This trick is about applied math, not
about numbers in the abstract.

We're talking about measurable stuff,
stuff you can count or measure. Anything
you measure will have a number with
some sort of "unit of measure" (the
dimension) attached.

A unit could be miles, gallons, pounds,
milligrams per liter, pounds per day,etc.

TDEC - Fleming Training Center 4
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Dimensional Analysis

* Dimensional analysis is not just a way to work math
problems.

* Itis an easy way to verify that your formula is set up
properly before the calculation is performed.

* [Ifitis set up properly, the units in the formula will cancel
out giving you the units of your desired answer.

V, gal = (I ft) (w ft) (depth ft) ( 7.48 gal)

1ft3
V, gal = (10 ft) (10 ft) (10 ft) (7.48 gal)
1ft3
V, gal = (1000 ft3 ) ( 7.48 gal)
1 ft3
V, gal = (1000 #3 ) ( 7.48 gal) = 7,480 gal
Y3

TDEC - Fleming Training Center

Dimensional Analysis

How many gallons is 8 ft3 ?

Step 1- Determine what is being asked. We are

given a number of ft3 and are asked to convert
it to gallons.

We are converting ft3 into gallons.
Our answer should be in gallons.

TDEC - Fleming Training Center 6




Dimensional Analysis

Step 2- Write down what's given. What numbers
are you given to work with? In this problem,
all that's been given is that you have 8 ft3.

Step 3- Write down the conversion you need.

The useful conversions can be found in the first
part of the formula book, top of page 1.

1 ft> of water = 7.48 gallons

TDEC - Fleming Training Center 7

Dimensional Analysis

Step 4- set up the problem and do the calculation. The
basic setup is the following:

(given)| conversion | = answer
as a fraction

The hardest part is deciding just how to put in the
conversion. There are always two choices when putting
a conversion in a mathematically useful form?

1 ft3 7.48 gal
7.48gal or 1ft3

TDEC - Fleming Training Center 8
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Dimensional

1 ft3
7.48 gal or

TDEC - Fleming Training Center

Analysis

7.48 gal
1 ft3

Which one? Simply put, which one allows us to

have an answer with the

proper units? This is

where we use the idea of multiplying and

dividing units.

8ftd (1ft3) (ft3)(ft3)= 1.069 ft®
7.48 gal gal gal

o

The units ft® /gal are
not what we were
looking for

8 ft3 (7.48 gal) (§#2 )(gal) = 59.84 gal
1 ft3 hz el

e

Theft3/ft3=1
The ft3 units cancel out and we
are left with an answer in gallgns

Dimensional Anal

ysis: practice

We have a flow of 10 ft3/min what is that in

gal/da

y?

Step 1: What are we asked to find?

Gal/day

Convert ft3 /min into gal/day

Step 2: Write down what’s given.

10 ft3 /min

TDEC - Fleming Training Center 10




Dimensional Analysis: practice

Step 3 : Write down the conversion you need.
We need two conversions.
1 ft3 = 7.48 gallons

1 day = 1440 minutes
(60 min) (24 br) = 1440 min
1hr day day

TDEC - Fleming Training Center 11

Dimensional Analysis: practice

Step 4 - set up the problem and do the
calculation. The basic setup is the following:

(given) conversion =answer
as a fraction

[10 j/taj[7.48 galJ[144ngfm =107,712 gal
it J 1A ldayJ day

TDEC - Fleming Training Center 12
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Basic Math
Dimensional Analysis

Dimensional analysis is not just a way to work math problems. It is an easy way to
verify that your formula is set up properly before the calculation is performed.

Rules to follow:

v

Units written in abbreviated or horizontal form should be rewritten in a vertical
format. For example:

cfs = _ft’ gal/cu ft = _gal
sec ft®

Any unit that is a common factor to both the numerator and denominator of a
fraction may be divided out. For example:

Sec min min

[ 20 £ J [ 60 sec J L 0)(60)ft

An exponent of a unit indicates how many times that unit is to be multiplied
together. For example:

ft2 = (ft)(ft)(f)

0 Sometimes it is necessary to write terms with exponents in expanded
form, while other times it is advantageous to keep the unit in exponent
form. This choice depends on which other units are part of the calculation
and how these units might divide out.

Remember: Fractions must be multiplied or divided to do any canceling. Fractions that
are added and subtracted can’t be cancelled.
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Basics:
Use dimensional analysis to determine the units of the answers:

1. (0.785)(f)(f)(ft)

2. (120 ft3/min)(1440 min/day)

3. (8ft)(10ft)(xft)

Sec

Verify the mathematical setup for each problem. If the setup is incorrect, correct the
setup:

4. (1.6 fpm)(60 sec/min) = fps

5. (70 in)(1 f/12 in)(0.3048 m/ft) = m

130D 'S DL 235/ 34 '€ hepf T T
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Complex Fractions:
v" When the units of a given problem are written as a complex fraction:
o0 Invert the denominator and multiply. For example:
gal

2,808000gpd _ " _(gal)( day
1440 min/dav ~ ~ min [ day] [ min]
day

o Shortcut: If the numerator is the same in both the top and bottom
fractions, they will cancel when the bottom fraction inverts and multiplies.
The same goes if the denominator is the same in both the top and the
bottom fractions.

Use dimensional analysis to determine the units:

1. (4140 gpm)

(60 sec/min)

2. (880 cu ft)(1440 min/day)
6.2 cu ft/day

3. 587 gal
246 gph

Verify the mathematical setup for each problem. If the setup is incorrect, correct the
setup:

4. (40.in)(1.5 f)(2.3 fpm) = cfm
12 in/ft

5 [2,400,000 qu]
7.48 qal/ft® = ft/day
635,400 ft?

AR S LI/ 3y anoy g Ui g aEs/|EE T
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Basic Math for Water and Wastewater
Conversions

mg/L & %

1. 340 mg/L = %

2. 0.6% = mg/L
3. 120 mg/L = %

4. 0.025% = mg/L
5. 1.5% = mg/L
6. 5000 mg/L = %

7. The suspended solids concentration of the return activated sludge is 6800 mg/L.

What is the concentration expressed as a percent?

8. A concentration of 195 mg/L is equivalent to a concentration of what percent?

Metric/English Conversions
9. 20 feet = meters

10. 50 L = gal

11. 70 cm = in
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12.

13.

14.

15.

16.

35 yds = feet

600 mL = gal
11lb= mg
1000 mL = L

2.7 gal = mL

Linear Measurement

17.

18.

19.

20.

21.

22.

23.

24.

86

Ya mile = feet

4200 feet = miles

17 feet = yds

122 inches = feet

30 yds = inches

0.6 feet = inches

492 inches = feet

The total weir length for a sedimentation tank is 142 feet 7 inches. Express this

length in terms of feet only.



25. A one-eighth mile section of pipeline is to be replaced. How many feet of pipeline

26.

is this?

2.7 miles of pipe is how many inches?

Area Measurement

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

1017 in* = ft?

500 yd? = ft?

4 acres = ft?

1yd? = in?

9.5 ft* = in®

78.5in” = ft?

25,000 ft* = acres

0.9 acre = ft?

For solids treatment, a total of 60,000 ft* will be required. How many acres is this?

A pipe has a cross-sectional area of 452 in>. How many ft? is this?
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Volume Measurement

37. 325 ft* = yd®
38. 2512 in® = ft®
39. 25 yd® = ft®
40. 1500 in® = ft®
41. 2.2 ac-ft = yd?
42. 21 3 = yd?
43. 92,600 ft* = ac-ft
44. 17,260 ft2 = yd?
45. 0.6 yd® = ft®
46. 3 ft2 = in®

47. A screening pit must have a capacity of 400 ft2. How many yd?® is this?

48. A reservoir contains 50 ac-ft of water. How many ft® of water does it contain?

88



Flow Conversions

49.

50.

51.

52.

53.

4.

55.

56.

S57.

58.

3.6 cfs = gpm
1820 gpm = gpd
45 gps = cfs
8.6 MGD = gpm
2.92 MGD = gpm
385 cfm = gpd
1,662,000 gpd = gpm
3.77 cfs = MGD
The flow through a pipeline is 8.4 cfs. What is the flow in gpd?

A treatment plant receives a flow of 6.31 MGD. What is the flow in gpm?
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10.

11.

90

Basic Math for Water and \Wastewater
Basic Conversions Extra Problems

How many seconds are in a minute?

How many minutes are in an hour?

How many hours in a day?

How many minutes in a day?

How many inches in a foot?

How many feet in a mile?

How many feet in a yard?

How many yards in a mile?

How much does one gallon of water weigh?

How much does one cubic foot of water weigh?

Express a flow of 5 cfs in terms of gpm.



12.

13.

14.

15.

16.

17.

18.

19.

What is 38 gps expressed as gpd?

What is 0.7 cfs expressed as gpd?

What is 9164 gpm expressed as cfs?

What is 1.2 cfs expressed as MGD?

Convert 65 gpm into Ibs/day.

Convert 345 Ibs/day into gpm.

Convert 0.9 MGD to cfm.

Convert 1.2 MGD to ft*/hour.
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20.

21.

22,

23.

24,

25.

92

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

What is 5.6 MGD expressed as cfs?

Express 423,690 cfd as gpm.

Convert 2730 gpm to gpd.

Convert 1440 gpm to MGD.

Convert 45 gps to ft*/day.



Answers 43. 2.13 ac-ft

1. 0.034% 44. 639 yd*
2. 6000 mg/L 45. 16.2 ft*
3. 0.012% 46. 5184 in®
4. 250 mg/L 47. 14.81 yd®
5. 15,000 mg/L 48. 2,178,000 ft*
6. 0.5% 49. 1616 gpm
7. 0.68% 50. 2,620,800 gpd
8. 0.0195 % 51. 6 cfs
9. 6.10 meters 52. 5972 gpm
10. 13.21 gal 53. 2028 gpm
11. 27.56 in 54. 4,146,912 gpd
12. 105 ft 55. 1154 gpm
13. 0.16 gal 56. 2.44 MGD
14. 453,600 mg 57. 5,428,685 gpd
15. 1L 58. 4382 gpm
16. 10,219.5 mL
17. 1320 ft Basic Conversions Extra Problems
18. 0.80 mi 1. 60 sec/min
19. 5.67 yds 2. 60 min/hr
20. 10.17 ft 3. 24 hr/day
21. 1080 in 4, 1440 mln/day
22.7.2in 5. 12infit
23 41 feet 6. 5280 ft/mi
24. 142.58 feet 7. 3ftyd
8. 1760 yd/mi

25. 660 feet 9 834 lbs/qal

. . 8. ga
26. 171,072 1n 10. 62.4 Ibs/ft®
27. 7.06 ft2 11. 2244 gpm
28. 45001t 12. 3,283,200 gpd
29. 174,240t 13. 452,390 gpd
30. 1296 in 14. 20.42 cfs
31. 1368 in° 15. 0.78 MGD
32. 0.55 ft? 16. 780,624 Ibs/day
33. 0.57 acres 17. 0.03 gpm
34. 39,204 ft? 18. 83.56 ft3/min
35. 1.37 acre 19. 6684.49 ft3/hr
36. 3.14 ft? 20. 396.43 ft3/min
37. 12 yd® 21. 8.67 cfs
38. 1.45 ftd 22. 2200.83 gpm
39 675 2 23. 3,931,200 gpd
40. 0.87 f° 24. 2.07 MGD ,
41. 3549 yd® 25. 519,786.10 ft*/day

42. 0.78 yd®
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Section 8

Length, Area and Volume
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Length, Area, and Volume

@
> @

W TDEC - Fleming Training Center 1

nnnnnnnnnnnnnnnnnnnnn

Length

* Length answers the questions "How tall?,
How wide?, How deep? Or How far is it?“

* The Egyptian cubit, the first documented
standard unit of length, was developed
about 3000 BC, the unit was based on the
length of the arm (from the elbow to the
extended finger). L

* The Greeks used the width of 16 fingers to

find one foot. The Romans adopted the foot

from the Greeks and divided it into 12 \
sections which was called unicae, which

came to be known as an inch.

TDEC - Fleming Training Center 2




Units of Length

From smallest to greatest length measurements
are compared as:

12 5,280

Inches |— Feet M i I es

3

Yards

When converting any unit of measurements if you want:
To change from a smaller unit to a larger unit, divide.
To change to a larger unit to a smaller unit, multiply.

TDEC - Fleming Training Center

Units of Length

Conversion Chart
1 foot (ft. or ') = 12 inches (in. or ")
1 yard (yd.) = 3 feet (ft.)
1 mile (mi.) = 5,280 feet (ft.)

TDEC - Fleming Training Center
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Length Conversions

A sewer collection pipe is 2.5 miles long. How
long in the pipe in feet?
Miles are larger than feet.

So we are going from a larger unit to a smaller
unit, so we multiply by the factor that relates
the two units. 1 mile = 5,280 ft

2.5 miles (5280 ft) = 13,200 ft
1 miles

TDEC - Fleming Training Center 5

Area
e Area (symbolized by A)
* Two-dimensional quantity

representing the amount or
extent of the surface.

X
 Measured in square inches,
square feet, square meters, etc.

TDEC - Fleming Training Center




Area Formulas

Area of a Rectangle

A = (length)(width)

length

TDEC - Fleming Training Center

wpIA

Area Formulas

Area of a Circle

A = (0.785)(diameter)?

-

y \

) s
| diameter

\

TDEC - Fleming Training Cen

ter

Diameter is equal

to length and width
of a square and the
circle takes up 78.5%
of that square.
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Practice Problem

Find the area of the rectangle below.

10 ft A = (length)(width)

A = (10 ft)(8 ft)
P |

)
8 ft
ﬁ A= 80 ft2

TDEC - Fleming Training Center 9

Practice Problem

Find the cross-sectional area of the circle below.

A = (0.785)(diameter)?

A =(0.785)(3 ft)(3ft)

3 ft A
\_/ A = (0.785)(9 ft?)

A =7.065 ft?

TDEC - Fleming Training Center 10
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Volume

Symbolized by V

occupies

The amount of space an object

e Volume = (Area)(third dimension)

amerr * The third dimension could be

TDEC - Fleming Training Center

T length, height, or depth

ns-wagre @ [Mleasured in cubic inches, cubic
feet, gallons, acre-feet, etc.

11

Volume formulas

Volume of a Rectangle

V = (length)(width)(depth)

Length

TDEC - Fleming Training Center

Depth

Width

12
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Volume formulas

Volume of a Cylinder

V = (0.785)(D)?(height)

height

TDEC - Fleming Training Center 13

Practice Problem

Find the volume in cubic feet for the tank below.

Volume = ( L, ft)(W, ft)(d, ft)

Volume = (100 ft)(20 ft)(30 ft)

30 ft

Volume = 60,000 ft3

20 ft

100 ft

TDEC - Fleming Training Center 14




Practice Problem

Find the volume in cubic feet for the stand pipe below.

Volume = (0.785)(diameter)?(height)

@ Volume = (0.785)(6 ft)(6 ft)(50 ft)

Volume = 1,413 ft3
50 ft

(

TDEC - Fleming Training Center 15

Note

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

Inches are smaller than feet.
When going from a small unit to a
larger unit divide by the number
that relates the two units.

1ft =12 inches.

\

8jr (1ft) =0.6667 ft
12 i Diameter = 8 in

TDEC - Fleming Training Center 16
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Math Problem Strategies

Strategy for solving word problems:

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

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

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

4) Work it out.

5) Does it make sense?

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

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

A
v

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

35ft

**Remember: make sure measurements agree; if diameter of pipe is in inches
then change to feet; if flow is in MGD and you need feet or feet/sec then change
to ft*/sec before you plug values into formula.
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Tank Volume Calculations: Most tank volumes calculations are for tanks that are either

rectangular or cylindrical in shape.

Rectangular Tank

width, W\,

length, |

Cylindrical Tank

) Diameter. D:

N,
N

Y

Portion of a Pipeline

length, |

depth, d

depth, d

< <> I Diameter. D

Volume =(1)(w)(d)

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

Volume = (0.785) (D )? (1)
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Basic Math for Water and Wastewater
AREA, VOLUME, AND LENGTH CONVERSIONS

Conversions

1. How many yards is 350 ft?

2. How many inches is 30 ft?

3. How many miles is 10,000 ft?

4. Convert 4 miles into ft.

5. Convert 3 ft into inches.

6. Convert 1 mile into yds.

7. Convert 40 inches into ft.

8. Convert 50 yds into ft.

9. How many inches are in one mile?

10.How many ft long is a football field? ( HINT: without end zones = 100 yds)

Area

1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ft*.
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2. Calculate the surface area of a basin which is 90 feet long, 25 feet wide, and 10 feet
deep.

3. Calculate the area (in ft?) for a 2 ft diameter main that has just been laid.

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

Volume

5. Calculate the volume (in ft°) for a tank that measures 10 feet by 10 feet by 10 feet.

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

7. 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.
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8. 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?

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

DON'T THINK TOO HARD ON THIS ONE...

10. 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?

108



ANSWERS:
Length Conversions

1. 116.67 yds

2. 360 inches

3. 1.89 miles
4.21,120 ft

5. 36 inches

6. 1,760 yds
7.3.33ft

8. 150 ft

9. 63,360 inches
10. 300 ft

Area and Volume

540 ft?
2,250 ft?
3.14 ft?
1.77 ft?
1,000 ft3

abhwnNPE
HBO®X®NO

9,050.8 gal

359.04 gal

48,442.35 gal

150,000 gal

no, it quadruples (4x more water)
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Section 9

Flow and Velocity
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Velocity and Flow

w TDEC - Fleming Training Center

iiiiiiiiiiiiiiiiiiiii
nnnnnnnnnnnnnnnnnnnnnnnnnn

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




Velocity: Practice

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

/
Sﬁ.ﬁi 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
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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)

Q, ft3/sec = 12 ft3/sec

TDEC - Fleming Training Center 5

(O Flow through a pipeline
Q, ft3 /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)(2ft)(3 ft/sec)

Q, ft3 /sec = 9.42 ft3/sec

TDEC - Fleming Training Center 6
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Notes

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

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

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

TDEC - Fleming Training Center
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Basic Math for Water and Wastewater
FLOW RATE

Q = AV

1.

116

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

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

A water main with a diameter of 18 inches is determined to have a velocity of 182 feet

per minute. What is the flow rate in gpm?

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

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



6. A 36” water main has just been installed. According to the Design Criteria for the
State of Tennessee, the minimum flushing velocity is 2 ft/sec. If the main is flushed
at 2.5 ft/second, how many gallons/minute should be flushed from the hydrant?

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

8. A certain pipe has a diameter of 18 inches. If the pipe is flowing full, and the water is
known to flow a distance of 830 yards in 5 minutes, what is the MGD flow rate for the

pipe?

VELOCITY (Open Channel)

9. Afloat is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the
velocity in feet per minute in the channel? (Assume that float is traveling at the
average velocity of the water.)
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10. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

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

FLOW

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

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

S5cfs

90fs—>0

— U
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ANSWERS:
Flow and Velocity

1. 185 ft/ min
2. 2.24 ft/sec
3. 210 ft/min
4. 16.8 cfs

5. 9.69 MGD
6. 1.8ft

7. 10.05 cfs
8. 0.59 cfs

9. 6in

10. 532.4 gpm

Flow Rate

10.8 ft’/sec
86.35 ft3/min
2,405.50 gpm
7,170,172.42 gpd
253,661.76 gpd
7,926.93 gpm
9.13 MGD

Nogo,rwNPE

10.
11.
12.
13.

x cfs

9.47 MGD

120 ft/min

1.5 ft/sec
1,533.33 ft3/min
136.83 MG

4 ft3/sec
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More Velocity and Flow Problems

. A float travels 500 ft in a channel in 5 minutes and 22 seconds. What is the

velocity in ft/sec?

. A cork is placed in a channel and travels 50 ft in 9 seconds, what is the velocity

in ft/min?

. A car travels at a speed of 60 mph, what is the velocity in ft/sec?

. The distance between a manhole A and manhole B is 400 ft. A float is dropped

into manhole A and enters manhole B in 2 minutes and 30 seconds. What is the
velocity of the water in ft/min?

. A garden snail travelled 15 inches in 10 minutes, what is the snail’s velocity in

ft/min?

. A channel 3 ft wide has water flowing to a depth of 11 inches. If the velocity of

the water is 3.2 ft/sec, what is the flow through the channel in ft3/sec?



7. A channel 30 inches wide has water flowing at a depth of 2 ft. If the length of
the channel is 5,000 ft and the velocity through the channel is 2.5 ft/sec, what is
the flow through the channel in ft*/sec?

8. A channel is 2.5 ft wide and the water is flowing at a velocity of 3 ft/sec. | f the
flow through the channel is measured to be 6.4 ft*/ sec, what is the depth of the
water in the channel in ft?

9. A channel is 3 ft wide and the water is flowing at a velocity of 210 ft/min. If the
water is 6 inches deep in the channel, what is the flow through the channel in

gpm?

10. A channel is 24 inches wide and has water to a depth of 18 inches. If the water
is flowing at a velocity of 2.9 ft/sec, what is the flow rate in cubic feet/min?

11. The flow through a channel is 100 gpm. If the channel is 3 ft wide and has
water to a depth of 2 ft, what is the velocity of the water in ft/sec?
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12. The flow through a 3 ft diameter pipeline is moving at a velocity of 4 ft/sec.
What is the flow through the pipe in cubic feet/sec?

13. The flow through a 10 inch diameter pipe is moving at a velocity of 2 ft/sec.
What is the flow rate in cubic ft/sec?

14. A 6 inch diameter pipe has water flowing at a velocity of 120 ft/min. What is the
flow rate in gpm?

15. The flow through a pipe is 0.82 ft*/sec. If the velocity of the flow is 1.5 ft/sec, and
the pipe is flowing full, what is the diameter of the pipe in inches?

16. A 2 ft main has water flowing at a velocity of 4.1 ft/sec. What is the flow
through the pipe in gph?



17. A 3 ft diameter main has just been installed. According to the Design Criteria for
the State of Tennessee, the minimum flushing velocity is 2.5 ft/sec. if the main is
flushed at a velocity of 3 ft/sec, how many gallons per minute will be flushed
from the hydrant?

18. A pipe has a diameter of 24 inches. If the pipe is flowing full, and the water is
known to flow a distance of 200 ft in 3 minutes, what is the flow rate for the pipe
in MGD?

19. What is the flow rate in gpd for a 6 inch main flowing at a velocity of 220
ft/min?

20. If the flow through a 10 inch diameter pipe is 3.2 MGD, what is the velocity of
the water in ft/sec?

21. The flow through a pipe is 320 gpm. If the velocity through the pipe is 3.6 ft/sec
what is the diameter of the pipe in inches?

123



22. A certain pipe has a diameter or 10 inches. If the water in the pipe is known to
travel 200 yds in 3 minutes, what is the flow rate for the pipe in gpd?

Answers
1. 1.55 ft/sec 12. 28.3 ft’/sec
2. 333.3ft/sec 13. 1.089 ft’/sec
3. 88 ft/sec 14. 176 gpm
4. 160 ft/min 15. 10in
5. 0.125 ft/min 16. 346,671 gph
6. 8.83ft’/sec 17. 9,512 gpm
7. 12.5ft}/sec 18. 2.25 MGD
8. 0.853ft 19. 443,908 gpd
9. 2,356 gpm 20. 9.09 ft/sec
10. 522 ft*/min 21. 6in

11. 0.037 ft/sec 22. 1,173,420 gpd
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Section 10

Answers
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Seckion 1

Calculator Review Problems

1. 4 +18+236= J3\,.29

2. 53.867 +243.1234 = Q0),. A 04
3. 98.12-64.5= 33 1,9

4. (48) (643) (210) = Lp,\.\g \’L\U‘O
5.47+64= 7,94

6. 5+231x15= 3310

Convert Scientific notation intb long hand

. 1.478x10% = W 800000

1
2. 3.45x10° = 345, 060

3. 7.66x 107%= 0.000 LY

4. 5.4876x107%= 0. 005491

Use A, x? and V functions

L 162= Q)
. 47*= 4,879 L8|

- 9°= 799
. V169= 3

. V52.6=71.95

Convert percent to decimal

L 42%= (H. 49

1
2. .07%= 03,0007
3. 19%= .10
4

. 30.94% = 03,300\

Find the LOG of the foIE-owing humbers

N & W N =

1. 1000:\0_%(\000): 3
2. 234= \ oq (234)= 9.3
3. 600= \o% (Lo 2.18
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Section 2

Fractions, Decimals, Percents and Averages

Are the following fractions equivalent? (Circle your answer.)

3x 75 3% oo = 306
L3 0s Or N 5. 200

2 15x_A10 15x35= 3715
32955 ' © 39%10= 380

5 2 5x3L= 180
3553 YOrN L xae= 190

Reduce the fractions to simplest terms.

da)5=3 by=3 Omtg D53
sa)=% p)E:=d 9f=% df=15
6o 5= D)Z=5 2= @)=
ra)Zew Rz omeg a5 &

Convert the following fractions into decimals.

8.2)3=0L b)2=0.8 ©)2=\T® d)i= 0.33

127



10.

11.

Section 2

a)

w|wo

=3 b)5 aq) =013 d)

\DI'-[‘-‘~

o

a)-=0.5 b)2= 3  ¢)==0.00d)=

2

Convert the following decimals into fractions in Iowest terms.

12,
13,
14
15.

16.

17.
18.

19.

0o8= 12+ % = 55
0516 = + Ao =
123= 82 ¢
0.84 = -%5— =34 = —a_b}‘
71.5= '?—3 - % = %—
Change the following percents into fractions in lowest terms.
33% = 1’?;
45% = -\%2— + 2 - ;o

128

20.

21.

— T—— o ge—
Py —

=033¢)z=0M d)—=0.08

= 0.uY

=0.33



22.
23.

24.

25.

26.

Section 2

0.5 5
05% = 100 = 10660

16.3% = o3 _ )13
160 ~ tooo

_5_-.
5 -

100% = 492 - |
100

30_4%=&."_‘§2ﬂ;_&;:_§g
|

loco ~ loce = 8

Change the following percents into decimals.

27.

28.

29.

30.

31.

32.

16% = &5 = 0. lb
75% = t%oi - 0.5
20% = A2 = 0,80
007%= 21 = 0.0007
120% = 22 - 1.4

88.7% = 88.7
loe = 0.887

Change the following decimals into percents.

33.

34.

- 35.

36.

0.531= 0,53 Xlooc= 53.1%

066= 0.l * 100 = L%

121= 1,21 X060 = 191%0

008 = 0.08Xlo0= 8%

}
800

38
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37.
38.
39.
40.

41

Section 2

195= 145X loo= 1450%
0.406 = 0,46k X 160 = Ho.6 %0
11.0= 1.0 X 100 = 1100%06
10= 1.o% 100 = 160%

0.278 = &Q‘TQ* 00 = 91.8%

Solve the following word problems.

42.

43.

44,

45.

46.

47.

48.

130

What is 10% of 557
- N=10% %55
Nz d6%xD5
N=5.5
What is 15% of 1257 N = 8 1596 %135
N=0.19 %105 .
N= 18,715

50% of 840 is what? d\éSO% *B8Uo=N
0.5 X%X84o=N

Yao= N
What is 7% of 11257 N= 1% % 1195
N = 0.07 %1195
N =785

110% of 50 is what? 1\0% *50=N
1.1¥60=N

55=N
50 is what % of 3007 56 = N*SOO
50 _ N :
2 % = N
o.lb™1 /0 =
29 is what % of 200? Q=N %00
a
EL RN

Qoo T
I4.5% =



49.
50.
51.
52.
53.
54,
55.
56.
57,
58.-

59.

Section 2

What is 5% of 10.7? N =5% % 10,7
N=0.05 %101

N=0.8%5
20 is what % of 110? 20 = N % % HO

QozN

HO _
18% =N i
15 isw%at % of 407 15= N7 *HO

4= N
371,5% =N
10 is what % of 57 10 = N ¥5

g - N
2006°% =N
28% of what is 53’? 289 % M 53

=189. 24
292 is what % of 29527 248 = N %o ¥ 3453
2492 _ aJ
24%a -

q.89-N
68% of 2140 is how much? (,8% ¥ 3140 =N
O.LE%314o= N

1455.9 =N

9 is what percent of 487 9= N % % ‘43
Qs = N

18,15 = N
219 is what percent of 3027 914 = Neéls %302

<19

712.59% =N
167 is 4% of what number? |, 7= Y% * N
L1 = 0.04 ¥

. N N=US

You need to disinfect a 300,000 gallon storage tank. The
method you are using calls for you to dose 5% of the tank

volume with 50 mg/L chlorine. What is 5% of 300,000 gallons?

N=0.09 % 360 .OOCJﬂal
N= 15,000 cda\
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Find the arithmetic mean (average) of the following sets of values.

60. What is the high temperature of the week in °C? (Data for
seven days : 21°C, 25.2°C, 19°C, 22°C, 20°C 19.4°C, and
20.1°C)

dl+259%19+39+¥30+ AU+ Q0.1 _ o4, %“C
Wda\IS | —»

61. What was the average chlorine residual measured in the .
distribution system? (0 2 mg/L, 0 7 mg/L, 0. 5 mg/L, O 8 mg/L,
12mgu

9*07*‘05‘\08‘*\9 m
= = 0.L8 3/1.

62. What is the average weight of a 1 L volumetric flask? (700 g,
701 g, 698 g, 690 g, 704 g, 697 g, 705 g)

'IOU-F'\OU a8 w% YAOMY LA Y105 -/Loqq Qqa
1

63. What was the average flow for the year in MGD through the
Randyville Wastewater Plant? (Jan = 1.32 MGD, Feb=1.21
MGD, Mar=1.5 MGD, Apr=1.6 MGD, May=1.95 MGD, June=1.8
MGD, July=1.7 MGD, Aug=1.65 MGD, Sep=1.5 MGD,
- Oct=1.25 MGD, Nov=1.6 MGD, Dec=1.92 MGD)

L32F1ASNLHIAS + L8+ 1 ILDHL.D+1IS 4L A
| ”

- = LHIMED
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Powers, Roots and Scientific Notatioh Practice Problems

Write the following numbers in expanded form as factors.

1. 62 _ () (1)

2. 10*_ (o) () (o)

3. x3_(N (A

4.5°  \

5. 132 (RO (1) U 3R)

6. D>_(DY(D)

7.8 R

8. 14* (1)) () (11)

Write the following numbers using exponential notation.

9. (4) (@) @) _ Y3
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10. (x) (x) (x) (x) __)S“_

1. (©©_9%

12, (16) (16) (16) (16) (16) \lp>
3. Q222>

14. D)D) D_D*

15 (®_8'

6.  (2)2)(3)3)(3) L ) (9N(3?)

Solve the following problems.

17. 0.785) (49 =_ V3.5

8. (2)(39)=_334
19.  (36) (14) 2 =_N03Q

20. B3 *(2%=_\0060

Write the following in radical form. (fractional exponents into vx )

21, 144"= |4y

3______.—-

22 27"= Q7
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Write the following numbers in exponent form (+/x into fractional

Section b

exponents).

23.

24.

VIS0 = W50 1

Vzr ="

Complete the following problems.

25,

26.

27.

28.

29.

30.

144" = __\Q
V6400 = __ 80
Y1000 = __\O
vP=__ 8
64" = Y

@) @) B = SY

135



Section 5

Wirite the following numbers in Scientific Notation.

3. 6450099 1, \D X \QY
v

.32, 0.0Q345 245 % \0~3
33 104 _\L.0ouxX\63
34 0000007 1.0 X \07Y

35 849,200 _8.M09Q X \0S

Write the following scientific notation numbers as normal numbers.

3. 234x10°__Q3UQ000

37. u_9,28¥10'2 0.09%238

38 734x10°_1340

39 -, 8032x10™ '0.0008039

(——

4. 1234x10°_19%.4

—
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Solving for the Unknown

Basics — finding x
1. 8.1 = 3)x)(1.5)

8.1= (0.5 (x)
5\
u.s -X
1.8 =

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

(0.08548L5) (%) = 0.4

_o.M4
A= 5.68548LS

%= 5.3

3. 233 =44

4, 940 = x
(0.785)(90)(90)

qyo :"__'X‘LDSQ.S \
(A40)Y(WL3BB.8) = X
591390 = |

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

_ '4\98 3

. 2=

. 56.5 = 3800

(x)(8.34)

CX= 3800

SLS)(e3M

Y= 8.oto'

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

(0.785TN(70Xx)
\= (23030 .\
(0‘185)(‘10)(10)(\14

Iy\ =0 .OOSl

T
((180) = %
13O = X

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

(0.785)(100)(100)(4)
- (,235'_'-"1 ()
K= s

(W (3Weo) = (315D (x)
Lo (M 60Y .

g1s = %
Wwpug. U = K

10. 2.4 = (0.785)(5)(5)(4X7.48)

X

_xzmmﬁlmma

¥ =MD
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11. 19,747 = (20)(12)(x)(7.48)
19 W= (195.2Y(x)

9947
17185.,5 = X
10.99 = ¥

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

'(\_5)(\9)2\-95)(1%; % )
337 -

H.99 = X

13. _ x = 213
(4.5)(8.34)

Y= (213)(4.5)(8.34)
X=71993.29

14. X = 2.4
246

= (2.4)(aup)
Y= 590.Y

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

GEITNCEDTRY
(0.18)(8.34)
2817 = X

138

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

20000 3.

(o.ves)(aati) =

 4903.%5 = X

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

(169)(0.7185) (8D (80) =

SYTil = X

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

X = &9&0
(3.71)(8.34)
X = “7

19. 2.5 = 1,270,000
X

X - 1210000
a5

% =508,000

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

(176)(2.42) (8.

A= T 1880) 0 )E3Y)

X= R

x= 0.85

X

X



Finding x°
21. (0 785)(D2) = 5024

i 0‘185
‘f =JLY0O
D= 80

| 22. (x ¥10)(7.48) = 10,771.2
(193(—\13.%3- o712
()= S
4% =919y

* = 13

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

D? = GRloarsy
107 =598 . L,
D = 39.98
24. (0.785)D* = 0.54
D% = 3955
103 =10.,879
D= 0.899

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

(0.785X80)(80)
a.l= Soaé

(2.1(5094) = (88.671(D)
- 03
g8 |
11?611—118(, =D*
10.94= 0
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Extra Problems: Solving for the Unknown

Basics — finding x
1. 7+10+x+7+9=41 7. 8.1 = (3}x)(1.5)

¥+33 =4l 8.1z (4.5)(x)
Y= W-3% 8.1
ve 8 g5 = A
2..95-x=87 1.8 = X
0.5= 8.7+ X
an'%a—l: X . |
3 - 8. (0.785)(0.33)(0.33)() = 0.49
0-8=X (0.08548L5)(x)=0.49
3. X+ 93 =165 ‘e — 0.4
%= 1b5-93 © T 0.0854805
x=1d XY= 5,13
4. 101=95+x |
_ | 9. 100 =,50
l6.1-9.5=X 2
= - ]oo
O. =X 92 . x
5. x+15= 19+ 22 =y
X t15 = Y| -
X = HI-15 10.2_3,3?,44
Y = Qb X
| s 33
6. 16 = (2)) - g = X
e = X 53’-‘)(

2
8= X
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11. 56.5, = 3800
E'\x)(TM)
Y = 3860
(5 .5)(8.34)

X':_ 8.0(0

12.10 = _x___
4

- We) = x
o = X

13. 940 = X

(0.785)(90)(90)

- A
Ho: 358.9

(940)(,3585) = X
5,976,990

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

4128.3
0.5

X=

Y= 8256.b

Section 3

15. 114 = (230)(1.15)(8.34)
(0.785)(70)(70)(x)

= (2203 115)(8.34)
(0.185)(10)(10) (W)

X= 0.005

16.2 = __ X
180

(D(18o)= *
30 = X

17. 46 = _(105)(x}(8.34)
(0.785)(100)(100)(4)

1, = (815100

- 314oo
(e (3Wo0) = (81571 (X)
| Yuidoo -y
8151
ledq. 43 =X
18. 2.4 = (0.785)(5)(5)(4)(7.48)

X

v S8T.IR
LY

Y= Aud.lb

141



142

19. 19,747 = (20)(12)(x)(7.48)
19747 = (1795, 2) (%)
19747
1795.2

10.a9=X

20. (15)X12)(1.25)X7.48) =_337
X ="

11,83
337 X

4.99:= ¥

21, x = 213
(4.5)(8.34)

Y= (213)(31.53)
Y ="1993.84

22. X = 24
246 '

Y= (9.4)(Qu)
%2390 .4

Section 3

23. 6 = (x)(0.18)(8.34)
(65)(1.3)(8.34)

o = (00L5012)

Tou3 |
(LY(T0413) =(x) (1.50613)
(W)(T04.13) = % |

1.50 I

28 Ib. b7 = ¥

24. (3000)(3.6)(8.34) = 23.4
(0.785)(x)

(BN 3L E W) _
- (0.785)(93.Y4

UGqe». W8 =X

25. 109 = X
(0.785)(80)(80)

e X
(oa)( 50 9u) = X
SLNAPRPER
26. (x)(3.7)(8.34) = 3620
(X)( 20.858) = 330

Y = —2lbd0
36.868

¥=\11.3)




Section 3

27. 2.5 = 1,270,000
X

y= 1910000
R

X= 508,000

28. 0.59 = (170)(2.42)(8.34)
(1980)(x)(8.34)

Y= LDQ)L&HM),
UQBO)CO.SQ)C&BU)

X= 0.35

29. 142 = (2)(x) + 13

149 -13 = ()

]—%a“: X — X=d.5

30. (3.5)(x) - 62 = 560
(35)(x) = Bbot LY

%= LYY
3.5

X= 1T
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Finding x*

31. x* = 100
(¥ = 7 100
X= 10
32. (2)(X) 288
- 288
¥ ¥ mq
X = |Q

33. 942 = (0.785)(*)(12)

Gya = (9.49) (xR)

Q42 _ .4
Q.qa‘x

{To =[¥\?
o= X

34. 6358.5 = (0.785)(x?)

- b358.5 %2

—

0.188

{8loc %%

90 = X

35. 835 = 4,200,000
(0.785)0¢)

9= 4800
(6,185) (835)

{3® fldo1. 571
= 80

Section 3

36. 920 = 3,312 000

q 35\@@@
| Q90
Y3 =13wco
X= WO
37. 23.9 = (3650)(3.95)(8.34)
(0.785)0)
Y&z SO(3!
(07185)(33.9)
1% =LU08.AT
Y= 80
38. (0.785)(D%) = 5024

2 _ 508M
Sh 0.7185

{D? ={Lueo
O= 80

39, (6)(10)(7.48) = 10,771.2

GO(M.8)= oM .9

VK G n L P
M.@

[T =

X = \Q



Section 3

40, 51 = 64,000
(0.785)(D?)

2 ___ L4000
L T (6289) (8D

{o*-1\598 00
N =39.48

41. (0.785)(D%) = 0.54

a. 0.94
L= 0185

D 25,688
D=0.83

4. 2.1 = (0.785)D*)(15)(7.48)
(0.785)(80)(80)

:M
@ S04

(9. D(50au) =(88 o)D)

\0950.4 . o2
38.071 i

Thaag =o*

\ooau=9
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Basic Math for Water and Wastewater

Proportions
Solving a Proportion Problem
1. 2:3=6:X 6. 15:3::X:4
2 _ L AS . %
37 X 3 Y
A= (3) (1) | (5)(W)= (3)(x)
x=9 A0 =%
2. 25:X: 10:2 7. X:30=8:12
| 95 _ 10 X - 8
X a] 30~ \Q
(25)@)= (x)(16) (V0= (30) (8)
2= X= 80
9 X - 3 2
373 8 57X
(@(B)=(3) () (3)00) = (8)(QY)
=X % =5
4 196
4. %=% % ¥ "1
()@ = (3)(3) (W) (\QQS) GOG0w)
5. 1:144::X:1296 10. %—%
“‘N = (W)5L)= (8) (1)
(DYGaE= QU %=1

Q=x

146



Section 4

Setting Up a Proportion

11. One gallon is equivalent to 3.785 liters. How many gallons are equivaient to 75
et 1:3,785= %715
- %
37185 715
(N(5)= (3.185)(x)

19.8 qal = X

12. On the average one bag of chemical is used up in 3.5 days. At this rate, how many
bags of chemical will be required during a 120-day period?

Ibag : 3.5 days = xbags 2120 clags
| - X
3.5 " 190
(NG120)= (3.5)(N=) 24.99 bags =X

13. Suppose you wish to maintain a weir overflow rate of 12,000 gpd/ft (this is 12,000
gpd flow for each one-foot of weir length). If the weir length is 180 ft, what gpd
flow will result in the desired weir overflow rate?

1966apd - X bpd
e 186 ++

(12061C180) = (1) ()
alb, 000 3Pd =X

14. A total of 5.4 Ibs of hypochlorite are dissolved in 80 gallons of water. For a solution
with the same concentration, how many Ibs of hypochlorite must be dissoived in 30
gallons of water?

541 - _x\b
gogal = 20 gal
(3.4) (30)= (86)(X)
A\os = R
15. A treatment pond is designed for a population loading of 300 persons per acre of

pond. If the population to be served is 1240 people, how many acres of treatment
pond will be required? |

200 pecsins 1240 persans
| ocre X ocres
(260) (%)= (1) (1940)

Y= Y.l acres
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Metric System and TemperatUre Conversion Practice Problems

Convert the following.

1. 23ginto___ 23000 ___mg ek \G%Om
2. 12,456 minto ___ \Q.\Sy - . km ~ UDloper \éé(;“m
3.4235mLinto _ Y4.93% | 2985pet \o\o\ém |
. acomal ‘& | 1x9
4. 200 mg into 0.00019 kg mgl\ooomg 1 \000%
5. 1000 watts into \ kwatts  1000wr] VKW
| \000 »t
. 0.05% | \OMﬁ_I_m_Oﬁ
6. 0.05 g into 7 50,0060 ug “T 9 I
. . Qodc | Ve |\GoomL
7. 20 deciliters into 3;000 : 'm_L ook | Le
8. 140kginto __ \40 . 000 g 0*q 10008
| . 0 Scen | \Bmm
9. 9.5cm mto . 1o) mm T Vo
10.  : 100 milliseconds into__ (.\ seconds 100 w=s] sec
_ | \osoms

* Convert the following. °F = (I6)°Q)*39  °C= (5/0)(°F-39)
12C%into_S53.  F (A/5)(19) ¥39 |
(S/)(86¥3)

3. 150 Fointo 1bS.lo  C° (5@“\50-’593
4.100C°into_Q\9 __ F° (‘-’ilsﬁ(\ocs)*%’&

(5/9) (32-32)

—

]

2. 80F°into Q. ] C

[+

5. 32 F° into ®) C
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Basics:
Use dimensional analysis to determine the units of the answers:

1. (0785)M)MMM — $43

2. (120 ft/min)(1440 min/day)

(ﬁ— 3( daaj) S}j‘a/dag

sec

3. (B(10ft)xf) 3
— B /‘bec

Verify the mathematical setup for each problem. If the setup is incorrect, cotrect the
setup:

4. (1.6 fpm)(60 sec/min) = fps

) :b“e‘%\) 71 tps Yiiﬁ) (. sec) Q?S

LR coerect

5. (70 in)(1 f/12 in)(0.3048 m/ft) = m

@% (\% (0.30u8m - v
AN AN

Correct
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Compilex Fractions:
v" When the units of a given problem are written as a complex fraction:
o lInvert the denominator and multiply. For example:

gal
2.808.000 gpd = day = (gal " (day
1440 min/day min [ day] [min]
1 ' day

o Shortcut: If the numerator is the same in both the top and bottom
fractions, they will cancel when the bottom fraction inverts and multiplies.
The same goes if the denominator is the same in both the top and the
bottom fractions.

Use dimensional analysis to determine the units:

1. (4140 gom) (%}(lt_)i_ﬁ_ _ ool

(60 sec/min) 0SEC P

2. (880 cu f)(1440 min/day) @'L‘*Q'DC%Z\T&) ) (ox%}(mm) Xﬁ‘%ﬂ;} |

6.2 cu fi/day S) -
cu & Gy
Aoy |

\ ‘
b e —her = (O(gE) =
19

Verify the mathematical setup for each problem. If the setup is incorrect, correct the
setup:

. in)(1. .3 fom) = cfm C 30‘\"\'\ (Ej\‘)-[ &\:\
.4 (40 in)(1.5 (2.3 fom) = cf . o - o —(é@g\%\ﬁgl]‘.&w |

12 infit
e "3
=¥ /(mn

al Correck
9. 12,400,000 gpd :
EE - %ﬁi - () (=)
QPXTQC\ £48 '

= ¥ doy
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Basic Math for Water and Wastewater

\o/o = \0,000 “‘3 /L Conversions
mg/L & % |
1. 340 mg/L = | G.034 %

0™/ | V%

- 000 ™

2.
3. 120mgL= 190" | V% %
_mg/- { \0,0600™M3/ ~ .0ld
4. 0.025% = -0-095"’0{\0-0{33“3/‘-—: 150 mg/L
o .
0/ — ,\.SQ/O I \0/6
5. 1.5% = =2 10 - L
[ ro.000™My ) 15,0600 md/
ymglL= 50003 | V% %
6. 5000 mg/L = 2000™3 | BT, 0.5 %

7. The suspended solids concentration of the return activated sludge is 6800 mg/L.
What is the concentration expressed as a percent?

LRCO™MIA | \%s _
L 6506 WG G.L8%

8. A concentration of 195 mg/L is equivalent to a concentration of what percent?

BRmaA I \O,O‘OZ‘:Y\S T 0.0145 %

Metric/English Conversions

9. 20feet= 26 L¥| Y  _ .} meters
| 3.98%% .
- S0 \aal |
10. 50 L —L}T_?E)—{ = 12,2, gal

_ 10 Cex I \in - :
11. 70 cm = = 2 I.ﬂ_lp
‘ | J St e -l
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Section

12. 35 yds = 35 .,\I‘\* = 105 feet
13. 600 L=Lnoo,m\;| X ] Vaal - _ |

! T 6oomt 1 250" 01
14, 11b = | 453697 | 1060m3 _

TTOs T H33,,00 M9
15. 1000 mL = ‘GGGM‘I \W \ L
| \OOO;W\:
16. 2.7 gal\"= 9_\9@(\'|3"35/\-/|me-‘°3‘°‘ P2
| /%t | 1k
Linear Measurement
17. Va mile = 0953:«" |5986$% 1390 feet
, Y

19.

20.

21.

22,

23.

24,

152

18. 4200feet=33_ﬁ_|._j20§ . Sg\gg = .0-8 miles

17 feet = -Dﬁ—l—\—}f\?= | 5.7 vyds

_ 109s I V0 .
122 inches = B \0.9 feet

30 yds— 30yd” \}jd’ = \080 inches
0.6 feet = M—I—%’?— = 1.9 inches

492 inches = 2QQ4er | V8% Wl feet
| V2

The total weir length for a sedimentation tank is 142 feet 7 inches. Express this
length in terms of feet only.

Tier] 104 | -
.%__6.58339{ + NPt = 058 R
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Sectio§

25. A one-eighth mile section of pipeline is to be replaced. How many feet of pipeline

is this? \/8.. 0.195

0.195 i | ©986F+
R = LLoEFL

26. 2.7 miles of pipe is how many inches?

et | 5980847 | V3in - |9\ 0719 in

\pat | P4
Area Measurement
27.1017 i = A0\ we | V€42 e
QY (™
28. 500 yd2 = S00ud® | Af4* o f2
Y %é I Uﬁl 450
29, 4acres— L\Q‘CI ""35\90% \'\'-\‘91-\0&2
4 e
2 \ud?® | Q84° \‘-\‘-\m - 2
-.39-_1 yd T T V24l in
31 95fP = 2 \"‘\}?"‘: | \38 in?
_ WSSMI V0 S f2
32. 78.5in’ I\‘%‘M"?" 0.5 ft
»_ 95000847 \ac _ o.
33. 25,000 ft — T35S \o acres

34. 0.9 acre = 8.90€” { “,?:’5\}‘;:21‘31: 3(:\.,210‘-\ ft?

35, For solids treatment, a total of 60,000 ft2 will be required. How many acres is this?

\
koo b loe e = i ac

36. A pipe has a cross-sectional area of 452 in?. How many ft? is this?
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Volume Measurement

37. 325 f = 339 $43 | \ud \q v
I .

38.2512in° = @5\ |1 43 _ LS e
\‘\98»’(3-
39. 25y = Bud® | N3 _ L5
| | Tyd® ™ |
40. 1500 in® = \500ird | V4%  _ 0.Q
V198 3e® ™
41, 2.2 ac-ft = Q. Q&Q{?’-\ | W3 SLekd I Ludd _ %?ggq
[Vocfy 1TONS3 ~
.21 = ¢ \ - 0.8 yd®
2 M}__‘ﬁ_mw =
43. 92,600 it = Q60843 | Yo P4 2.1 actt
U566 545
44, 17,260 it = \7AL0845 | \ud3 L34 v
Rk
45, 06 yd® = O.loud® |Q‘\$+3 | W, 9
| Vud®

46. 3= 3EAD Imtmm 5184 in?
8438

47. A screening pit must have a capacity of 400 ft>. How many yd is thls?

800847 }a‘j“fﬁg 48 yd?

48. A reservoir contains 50 ac-ft of water. How many ft® of water does it contain?

50 ge£% | U3BL6$42 - 006 £43
H30u0t - 9.1, 4
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Flow Conversions
49. 3.6 cfs = 3., 847 | T1M8qal | uosec:_ ol 9P

sec | ¥ | v

50. 1820 gpm = \SQO%Q] ! MUOr = 2L Roo9pPd
n dQ\j j . '

51.
52.
53.
54.
55.
| | 56.

57.

58.

45 gps = ‘-lS I 164 lo cfs
T.M8 '
cal | 59719
8.6MGD=,8.LomG \0600606al | \dag _  gpm
S ooy | s Qg0 v
' 038
2.92 MGD = 292 M \000000qal| \deg _  “gpm
SN T deg | vme ]\l\\\bm\n A 6
385 cfm—\385£-\3|'1'-\ o.\ AWUO pevey gqp‘%' 2
1,662,000 gpd = mgcoo:qa\ dag _ gy gom
: | d&g 1Ydomn
3.77 cfs = BFHW T8 Gal \ MC W““‘F}MGD
sec | \i5 [ooopdimn iy = £-HMGD

The flow throutha pipeline is 8.4 cfs. What is the flow in gpd?

- 84848148 %1 | woser| Wub wuy

sec | \M3 | \pwn | Aoy

= 528,185 gpd

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

.3t s | V\osoooogat |\ deg

derer \ P

| 1440 rain

= U383 gpm
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Basic Math for Water and Wastewater
Basic Conversions Extra Problems

i, How many seconds are in a minute?
L0 sec = | ran =% fnin
9. - How many minutes are in an hour? _-
Lo mih = | e = Omm /hr
3. ; How many hours in 2 day? |
QUhess \doy=>auhT boy
4. How many minutes in a day?
Lt | T = o™ oy
5. How many inches in a foot?
Qin= | $+ A0 /04
6. - H‘ow many feet in a mile?
5080 $4= lmile=> 5980 S/
7. " How many feet in a yard?
3=\ yd>3¥/d
- 8. How m\an: dyalritls;:)lnQ 218 rgﬂg.l \ d |
= MLo ‘
9.  How m%c-gjl.oels ()\ng;;l}sn of water welgh'?lj /m\

Lool = 8341, =7 8.3¢ o/l
10.  How much does one cubi¢ foot of water weigh?

&R0 | 1.48a0! | 834 _ | 0y to/nia
[ 152 | gal 0.4 %0 /0y
11. Expressaﬂcl)w of 5 cfs in terms of gpm.
6'?"(3 -l L\BQQ\ L_‘_,_Osec _
sec |13 | Lrin - AT %?m,
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12.

13.

4.

15.

16.

17.

18.

19.

SectionP

What is 38 gps expressed as gpd?

(38gps)(leed(n0)= 3,283,300 gpd

What is 0.7 cfs expressed as gpd?

(0:1eF)(L6) (UUEY(1 48) = W54,390 gpd

What is 9164 gpm expressed as cfs?

Alopm /100 = 152133 /148 = 03 cis

What is 1.2 cfs expressed as MGD?

(L2 £ (LAWY _ 8 MED

Looo,000

Convert 65 gpm into lbs/day.

LoSa.aHB?M\bs |\‘-\\l0m\n Vo /4.
23 \%a\ T \doy = 180,L A /c\ouj

Convert 345 lbs/day into gpm.

35 b | 1ol [ Vday 503 |
d(w EETI | Wadorwn apm

Convert 0.9 MGD to ofm.

0.8 M| voooooooal | 1§43 | \doy - 82.5bcdm
doy [ \m& ~ [1u8al [ W10 min

Convert 1.2 MGD to ft*/hour.

VIMG I'\oocoooqa\l V8% [Vday _
doy | \MG |48 qal [ auhe LLBU.4q e¥h
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20.

21.

22.

23,

24.

25.
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Convert a flow of 4,270,00?%2@'& to ofim. :
LUA100000a) | AA%33 | Vdoy  _ |
doy = [T-u8gal | Wuomin = 34,143 cfm

What is 5.6 MGD expressed as cfs?

50 MG | 1omoooaal | V843 | Vdey [ lwin
do‘% A\ MG MR ol [ Wadomin | wosec 8.1 cbs

Express 423,690 ¢[d as gpm.

H931A0 $4° | 14890l [V day - 9900.839pm
doy | 1843 [\udomin |

Convert 2730 gpm to gpd.

27130 %0\ |N\\om\n = 3A43},200 %pd
min | C\C\‘ﬂ |

Convert 1440 gpm to MGD.

\Woagl [WMuomin |\ MG
Mmin | d&g | \o6o Goo %a\

= d.0TMGD

| Convert 45 gps to ft*/day.

45901 | VM3 | Losec | \W4omin _-
sec [M98GalT (rin | Vday =519,7186. 10 cfd




Section 8

Basic Math for Water and Wastewater
AREA, VOLUME, AND LENGTH CONVERSIONS

Conversions

1. How many yards is 350 ft?
3_50%* - By

2. How many inches is 30 ft?

o8t [\Qin__ :
3. How many miles is 10 000 ft?

000 %
5980 T = \ 8q m\
4, Convert 4 miles into ft.

Mwi 538084 - gy190

1 mi
5. Convert 3 ft into inches.

30 [\2in .
6. Convert 1 mile into \idi :
\wai [53R80 £1 vd
ERveam ey = ML l:\d
7. Convert 40 inches into-ft.

Win [\8 _ 2 a
8. Convert 50 yds into ft.

How many mc?\es are in one mile?

\ mi !5?809'\ l \Qs‘\\n =13 ?)LQO W
\
10.How magy f?l\(;ng is a football field? ( HINT: without end zones = 100 yds)
\oond | 284 -
T 300t

o

Area

1. A basin has a length of 45 feet and a width of 12 feet. Calculate the area in ft2.

A= (LY (W)
A= (st
A= Syo £4° -
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Section 8

2. Calculate the surface area of a basin which is 90 feet long, 25 feet wide, and 10 feet
deep. ‘

A= (DO
A= (q0 £1Y(25 8N
A= 9350 §47

3. Calculate the area (in ft) for a 2 ft diameter main that has just been laid.
A= (0.8 (@*
A= (0. 18)Y(2FN(AFH)
A= 314 £4*

4. Calculate the area (in ft?) for an 18" main that has just been laid.
/2= 1584 A= (0.185)(D)?
A= (071815 £4) (1.5 £4)
A= 1.77H42

Volume

5. Calculate the volume (in ft*) for a tank that measures 10 feet by 10 feet by 10 feet.
V= (LYOND)
V= Co ) Clo #4910 £14)
V= | 000 £432

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

feet.  y= (LYOW)(D)
V=02 DD B
V=0910 $43) (.48 38/ g48)
V= 9050.8 9al

7. Calculate the volume of water in a tank (in gailons), which measures 12 feet long, 6
feet wide, 5 feet deep, and contains 8 inches of water. 8 g = O-Ubb‘! [

ol gl = (LYW DY (148 3™ /£42)
= (19 L)L AN (0Ll §4) (.48 9/ 242)
= 359.04 30.!
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8.' A new water main needs to be disinfected. The main is 30” in diameter and has a
length of 0.25 miles. How many gatlons of water will it hold?

(0.95m) (5280 m) = 1396 £+ 3oin/fa = 2.5 84
Vol = (0189 (258 (25801330 £4)
Vol 8 = (LuT0.95 $43) (7.u8 32Y/543)
\JO\'O%O\\ = 48 Y442.25 9al

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

9% of MG i wWhat'
(0.09) (3,000,000 %a\\ = 150,000 cja,l

DONT THINK TOO HARD ON THIS ONE...

10. 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 ling,
does your volume double?

Vo, = (6180 6) (184) (16ao$+)
=(185 £43) (.48 9%'/543)
Nolym = 58718 %0.,!

No e = (0.185)(48D(28+) Clooo £4)
= (3140 £42) (7.48 31 /§43)
Nol,um = 23487.3 Saﬁ

Q3481.‘aq3al = Y
58‘1!.8%@(

The volume of the 4 in \ine 13 Y Yimes the
volume of the 12inch line. |
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Applied Math for Distribution
Flow and Velocity

Velocity

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

V= i‘ﬂmn:e N = 310“' )85P+/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?  Q min 1Mgee = (Lo ¥ 14 = 134 gec

3060 £+
V= 134sec = Q'QL\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 ft/min? 30 see = 0.5 min

_ s £+
V= 05 min — .4 16 %Y Jmin

Distance Traveled, ft

Velocity = Distance Traveled, ft

Duration of Test, min

I

ft/min
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width, it

Q = (A) (V)
fPitime  (F)(F) (ft/time)

A= (widih) (depth)
Flow in a channel

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

Q= (UeDUS£1)(2.8 F4/sec)

Q= 1,.8 "3 /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 {t/min? in MGD?

Q= (38N (58D (1967 Hmin)
Q %0“3/mm —=> L15¢ Qlow chart to conve,r“\'
Q=9.L9 MGEDH

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?

g.1¥13/ 5 ec = (38+) (depth) (15 ¥4/ sec)

(SR = = depth
.84 = dep+h
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Diameter, ft <> Velocity, ft/time )

Q = (A) (V)
ft*/time fi*  (ft/time)

Q = (0.785)(D)* (vel)
£t /time (fO)(ft) (fi/time)

Flow through a full pipe
7. The flow through a 2 ft diameter pipeline is moving at a Velomty of 3.2 ft/sec. What is the

flow rate in cu ft/sgc_:?
Q= (0,189 (2842 (3.9 Y/se0)
G= (6.189) (U 842) (3.2 /gec)

Q= 10.05 %42 /sec
8. The flow through a 6 inch diameter pipeline is moving at a velocity of 3 ft/sec. What is the

flowrate in f'/sec? lain = O.5FY
Q= (6085)05)Y(0.5)( 3% ser)
Q= 058 ¥3/gec

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 ‘\** / sec = (0. 18O (3 \o“lsec\

(o. 'lss)(. Lrsed) < Da
To. 08 510 —— D=0.50§ T Lin

10. An 8 inch diameter pipeline has water flowing at a velocity of 3.4 fi/sec. What is the flow
rate in gpm? Bin ‘e;‘, = Ol
Q= (6.18)(0.Lul1§ Y2 (3.u 7 /gec) N ey

Q= 11869 /sec — use $low chort
Q=53%9.4 3 /rin
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Section 9

Basic Math for Water and Wastewater

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 gubic feet per second flow rate in the

channel? Q‘*(A)(\ﬂ - U—)(\M)(\fe\\
Q842 /sec = (38R (A8 (1.8 P [sec)
= 10.8 ¥4 /sec

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

Q, Fhwn = (07180 (Ve))
= (08 AN N (1o  fain)
= 8L.25 **/vun

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? ‘8/1a= .9 #4

0= (08Y (158058 (182 % fain)
Q=(391.u8715 F43/run) (148 9 /543)
Q= 9404.50 3% /min

4. A 24-inch main has a velocity of 212 feet/min. What is the gpd flow rate for the pipe?
ot Q= (0189)RFDEIN(@E M /rwn)
Q= (1S b8 M in) (1483%/443) (1440 ™" /day)
Q= "176179. 4a 30\/dmj

5. What would be the gpd flow rate for a 6” line flowing at 2 feet/second?
b/g =05t Q= (0.185) (0581 (0.504) (AT /sec)
| Q =(0.3995 Plgec) (1,489 $33)
Q-= (Q-Q 359 3Q\/Sec)(leose°/mm) (_quomih/clav)
Q= 2530k! b OV doy
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6. A 36" water main has just been installed. According to the Design Criteria for the
State of Tennessee, the minimum flushing velocity is 2 ft/sec. If the main is flushed at
3l / __3_“ 2.5 ft/second, how many gallons/minute should be flushed from the hydrant?
13-

Q= (0.185) (384 (364) (8.5 %4/sec)

0= (17,1095 #4%/ec) (1489 /o) (1638 i) LHSPEHI)
@ 1990.93 9% /vun

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

Q= (0.785)(3 80 (304) (2 ™/sec)
0 =04.12 5% /sec) (148 %) (Lo3eAnin) ( qum'n/claq)

1 000 000 3%/ mer
Q= 9.13 MGD

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

&) isn B30 4d) (3% /yd)= 3u00 £+
ia~F el = 24908 /5 i = 498 £4 Joun
Q= (0.8 (15 84) (15 P4) (498 ¥ /i)
Q= (819. 5395 #¥%un) (148 5/e) (1446 day)
1,000,000 Y me, |
Q: q.47 MG D

VELOCITY (Open Channel)

9. A float is placed in a channel. It takes 2.5 minutes to travel 300 feet. What is the

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

el = 3o0ft  _ 186 ¥ /eqin
2.D5min
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10. A cork placed in a channel travels 30 feet in 20 seconds. What is the velocity of the
cork in feet per second?

- 30 £t _ £4
Velz 30 +F - 1S ¥/sec

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

"Nel\= Soots /% min = L. Ll Q*/m\n
Q = (g88)(2. 3¥+3(uata bbb ¥t /m\rﬁ
Q= 1533.33 ¥+*/min

FLOW

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

Q= (CO 186)(952*3(9(‘2—\\ (%a? *\; sec) Y
Q= (.106* lsec) (1.48 %2 )16 7win ) (18" By Vet Mo,
| 00O OOOSM/MQT I"["l y /day

('-l-"”Mc'/o\a\,) (3'days) = 13L.83 MK

13. 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? I

-qcPs-Sc?s =[] ch’l' s

9cf5—;0

U

X cfs l
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More Velocity and Flow Problems

A float travels 500 ft in a channel in 5 minutes and 22 seconds. What is the

velocity in ft/sec? Vel = 500%3

(Swn)@ose%un) 300 dec = ].‘.0—{ -P*/ Sec

= 306sec

A cork is placed in-a channel and travels 50 ft in 9 seconds, what is the velocity
in ft/ min?

Nel= Soft @555@“/%)((903“@@ 333.33 ¥

A car travels at a speed of 60 mph, what is the velocity in ft/sec?

The distance between a manhole A and manhole B is 400 ft A float is dropped
into manhole A and enters manhole B in 2 minutes and 30 seconds. What is the
velocity of the water in f/min? 3%/u6= 0.5 Mun ¥ Twin = 2.5win

Ve\-- ‘30;3‘\'\- “’.’DO%*/N_:\“ _

. A garden snail travelled 15 inches in 10 minutes, what is the snail’s velocity in

ft/min? X2 /A0 =2 19584
- LSSt - P/,
Nel = 0195 Y ¥ pun

A channel 3 ft wide has water flowing to a depth of 11 inches. If the velocity of
the water is 3.2 ft/sec, what is the flow through the channel in fE® /sec? Wig = 6.9V 'H

Q= (380 (0. 0NN (3.9 /3e0)
: G’-‘ 8.8 s‘?'\E."/sec

A channel 30 inches wide has water flowing at a depth of 2 ft. If the length of
the channel is 5,000 ft and the velocity through the channel is 2.5 ft/sec, what is
the flow through the channel in ft /sec ? 30/ = 2.5 £4

Q= (2581825 % /sec)
Q=125 Ns/sec
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8. A channel is 2.5 ft wide and the water is flowing at a velocity of 3 ft/sec. I f the
flow through the channel is measured to be 6.4 ft® / sec, what is the depth of the
water n the channel in 2 Q= (L) (w) (Vel) ]
o 4 F1¥sec = (d)O5H)BRfsed) => O.85 fe= depth

9. A channel is 3 ft wide and the water is flowing at a velocity of 210 ft/ min. If the
water is 6 inches deep in the channel, what is the flow through the channel in

L/g=058 aom? ()= (384)(0.584) (910  /rin)
| Q= (315 3/mun) (.U F/3)
Q= 8350L.9 ' Anin

10. A channel is 24 inches wide and has water to a depth of 18 inches. If the water
is flowing at a velocity of 2.9 ft/sec, what is the flow rate in cubic feet/min?.

?“/\323“ Q= (AU SH (AT [sec) e
B/ = |55+ Q=(8%® /sec)é'b()%ec/ min)= 534 7 /o

11. The flow through a channel is 100 gpm. If the channel is 3 ft wide and has
water to a depth of 2 ft, what is the velocity of the water in ft/sec?

(1000 Y (EE) () - 0.0908 ke
0.2088%3/3ec = (381)(Q5+) (% H/sec)
G.031% [sec = X |

12. The flow through a 3 ft diameter pipeline is moving at a velocity of 4 ft/sec.
What is the flow through the pipe in cubic feet/sec?

Q = (07185 (AT (351 (U 84 /sec)
Q=38.9L,%%/sec |

13. The flow through a 10 inch diameter pipe is moving at a velocity of 2 ft/sec.
What is the flow rate in cubic ft/sec? /19 = ©.8333 {4

Q= (6.185)(0.833374)(0.8333 £4) (2 F/sec)
Q = l ;Gq .P+3/Sec

14. A 6 inch diameter pipe has water flowing at a velocity of 120 ft/min. What is the
flow rate in gpm? © /Ao = 0.5 F1

Q= (0:185)(6.584) (0,581 (136 /min) t
- =(33.55 ¥ %mn ) (T 48%YR49) = 171615 Fhun
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15.The flow through a pipe is 0.82 ft3/sec . If the velocity of the flow is 1.5 ft/sec,
and the pipe is flowing full, what is the diameter of the pipe in mches? CJ :

0.83%%sec = (67185) (4)® (15 kec) = 0.LAuH= d* => 0.83 =
16. A 2 ft main has water flowing at a velocity of 4.1 ft /sec. What is the flow
through the pipe in gph?

Q= (0a83)as) (2 3 ( Y. f/sec)
G"(\Q gy £/ Sec—)(_l 48 9% ﬁ’)(loosec/m\n) (Lo™n/ \‘1!‘)
Q= 34LLT!-07 9% e |

17. A 3 ft diameter main has just been installed. According to the Design Criteria for
the State of Tennessee, the minimum flushing velocity is 2.5 ft/sec. if the main is
flushed at a velocity of 3 ft/sec, how many gallons per minute will be flushed

from the hydrant? 3= (0,185)(35+) (384) (2.5 ¥4 /2ec)
0=(71.065 *Aec) (7.489°/843) (0% tnin)
Q= 7996.33 3 fnin

18. A pipe has a diameter of 24 inches. If the pipe is flowing full, and the water is
o / oy ! known to flow a distance of 200 ft in 3 minutes, what is the flow rate for the- plpe
’E

inMGD? (3= (0,185 (9 £4)(9E1)(800% /armin) = 201, S&S&“Anm
(= (9023333 hnyr) (1985 oe) (o™i - 9,95 MO

10600 000 ¥V ma

19. What is the flow rate in gpd for a 6 inch main flowing at a velocity of 220
ft/min? b/j9= 0.5 £+

Q = (0.185)(0S84) (0.5 £4) (996 /rin)
0 ={42.175 F%nin) CLugPHARI(WIO™ Y day)

Q= Y BB U. E>Lo%°‘\/da5!
20, If the flow through a 10 inch diameter pipe is 3.2 MGD, what is the velocity of

_the water in ft /sec? Vel= %\Swé

\0hg =08B% 3 MG | \omocos)| Vdey | \win | £ =4 Qg5 84 O LY SEEN0 8
da\l | | MGe I 140 ety llnosec h '-l&caal C Velz q OSQ{EE
21. The flow through a pipe is 320 gpm If the velocity through the pipe is 3.6 ft/sec

what is the diameter of the pipe in inches? G130 ?-\3/336 = (1) Dz)(g-b'%

30000\ | £+ | mun 43 0. 13053 ee
nmin I_l-l-\B%O-lI LeDsee 0. mso /seC'- Co ..185)(3,(05?’([5&) = *

170 , . 0,3-?--\. - D
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22. A certain pipe has a diameter of 10 inches. If the water in the pipe is known to
travel 200 yds in 3 minutes, what is the flow rate for the pipe in gpd? :
| e ©ha =0.8333H

More Velocity and Flow Problems Answers

1.55 ft/sec Qo0ud | 354 _
333.3 ft/sec v ] %d - 1000'?‘}/3‘““: QOOIP‘/N“

88 ft/sec
160 ft/min

s (3 = (67185)(0.833353)(0 833353 206 s
ot . (1= 1620318 %%,

2,356 gpm

oo \o0A 1802|148 6o [ owen
st wn | L3 | daj

. 176 gpm

. 10i0in

. 346,671 gph \ | 174,200

. 9,512 gpm Ct\
225 Mo | 3 a
. 443,908 gpd ' la_
. 9.09 ftsec -

.6in

. 1,173,420 gpd

W Now s WN e

B
= o

-

S N R ™
N = O W~ R WM
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