Rules of Fractions

Rule 1-

A fraction is a numerical expression for division. The fraction 72 means the same as 1 +2. Think
of a fraction as an unfinished division problem.

Fractions have a numerator and a denominator. For the fraction ¥2; 1 is the numerator and 2 is
the denominator. The line drawn between them is call the fraction bar.

numerator

1
2 denominator

Rule 2

When the numerator and the denominator of a fraction are equal, the fraction reduces to one

(1).

5 2 meter eet
221 221 or =1 feet _
5 2 meter feet

Essentially, if the numbers or units are the same on the top and bottom a fraction, they cancel
one another out and equal one.

Rule 3

Likewise, a whole number can be expressed as a fraction by putting 1 in the denominator or any
number divided by one is itself.

2.2 miles

Lt ofeet _ 6 feet — = 2.2 miles

-7  Y_191 or
1

Any whole number or even individual unit; if it appears to be alone and not a fraction it can
always be put over one (1).

Problems
Complete the following few questions using the 3 rules of fractions.

3 7 22 inches .

— = - = ———— =22 inches

11 7 ?

7 3911 17.1 kilometers .

— = — = = 17.1 kilometers
21 3911 ?



49 mile 8.4 gallons
— = — = 29O — 8.4 gallons
121 mile ?

Percents & Decimals'

Percentage represents a part of the whole. In a single water system alone there are
multiple different amounts each water storage being different, different pipe sizes,
different pump capacities, different chemical storage bins, strengths of chemical, and
the list can go on and on. Using a simple reference of something commonly known such
as 50% whatever item it is applied to, we automatically know the amount that is in the
container.

Percentages Decimal
11.00 % 0.11
60.00 % 0.60
0.50 % 0.005
0.07 % 0.0007
0.003 % 0.00003

By comparing the percentages column to the decimal column, we see the relationship
between them. If we move the decimal point in a percentage two places to the left, we
have a decimal; if we move the decimal point in a decimal two places to the right, we
have a percentage. This is the same as dividing by or multiplying by 100.

To summarize to go from a:

Percent to a Decimal — divide the number by 100
or move the decimal point in the percentage two places to the left

Decimal to a Percent — multiply the number by 100
or move the decimal point in the decimal two places to the right

*It is always best to convert a percent to a decimal before doing any math
computations with it.

Often we are required to determine what percent one number is of another number. To
do this, we convert the percentage to a decimal and multiply as appropriate.



Example: What is 25% of 907

Solution: First, convert 25% to its decimal equivalent --- 0.25. Since
we want "percent of" we multiply the decimal equivalent by
the number we want to take the percentage of.

25% of 90 = ?
0.25x90 = 22.5

Think of "percent of" as meaning the same as "multiply by."

Example: What is 32% of 6127
Solution: Since 32% = 0.32, we get;
0.32 x 612 = 195.84
Sometimes we need to determine what percent some quantity is of another quantity.

Example: A 500-gallon tank contains 320 gallons. What percent of the
tank is full?

Solution: Remember that a percent means parts per 100 parts. In this
example, we need to express the problem as a fractional or
decimal relationship and then convert the fraction or decimal
to a percentage. First, think of the problem as a "parts per
parts" problem. Relate the number of gallons in the tank to
the total number of gallons available in the tank.

500 gallons represents the total the tank can hold or 100 %
320 gallons in a 500-gallon tank is the same as;

320 gallons/500 gallons or 320 gal + 500 gal

320 gal + 500 gal = 0.64

Converting the decimal 0.64 to a percent multiply by 100
0.64 x 100% gives us 64%.



SAMPLE PROBLEMS

(1)

2

3)

(4)

Write the decimal equivalent of the following percentages.

(a) 29% Answer
(b) 7% Answer
(c) 252% Answer
(d) 1/2 of 4% Answer

Express the following decimals in percentages.

(a)0.4 Answer
(d) 0.27 Answer
(c) 0.009 Answer
(b) 9.18 Answer

A chemical solution tank with a 150-gal capacity is to be filled to the 70% mark.

How many gallons are required to do this?

A water treatment plant with a capacity of 350,000 gal/day is operating at 45%

capacity. How much water is this plant processing?
pacity p p g



Unit Conversions

In the water industry we often see many numbers as far as gallons (gal), milligrams per
liter (mg/L), cubic feet (ft®) area measurements in square feet (ft?), and there are many
more examples. These are either conversion factors or the final answers in some
questions. However, we must learn how to use these factors in a 4-step process to
make them useful to us. There are 2 valuable definitions that are crucial to
understanding unit conversation calculations, and it will be described and taught in the
first example of this section.

Example 1

Convert 15 feet to inches.

Step 1-Is to identify conversion factors needed in order create a clear path to your
desired answer. Sometimes more than one conversion factors are required to complete
the calculation.

1 foot = 12 inches

You can clearly see that 1 foot = 12 inches seems like the correct conversion factor.
There is also some definitions we need to discuss first. Ratios is defined as two different
numbers that are equal to each other. Look above 1 and 12 are not the same number
but the units allow them to be equal. The other is proportions simply means ratios can
be written as fractions as seen below.

1 foot 12 inches
12inches * 1 foot

Step 2-Is to write what you start with once and only once never more. Keeping in mind
the rules of fractions.

15 feet

1 <«—— 15 feet alone is assumed to be over 1 according to
Rule 3 of the fraction rules.

Step 3-Is to select the proper conversation factor form to get 15 feet to inches. You will
need go back and look at Step 1 where proportions were defined. Rule 2 of fractions
now comes into effect if feet are on the top of a fraction, they must be on the bottom to
cancel. Select and write it out now like shown below.

15 foot 12 inches )
1 X 1 foot




Step 4-Cancel the units on top and bottom and do the math! To do the math do
everything across the top multiplied, and everything across the bottom. Divide at the
end if you need too.

»
L

15 feet 12 inches 15x12 180 inches
X — —

1 1feot  1x1 1

el
»

Answer is 180 inches.

These are the same rules you are going to use to solve for the next few problems
before we move onto to Areas and Volumes review.

EXAMPLE: 8 MILES + 4 FEET + 50 YARDS =7
SOLUTION: If all these are converted to feet, then:
8 miles= 8 miles x 5280 feet = 42,240 feet
1 mile
4 feet = (already in feet) =  4feet
50 yards =b0yardsx3 feet = _150 feet

1 yard 42,394 feet



EXAMPLE: 5 YARDS + 2 FEET + 10 INCHES = ?

SOLUTION: Convert these all to feet.

5 yards= 5 yards x 3 feet = 15 feet
1 yard

2 feet
10 in.

(already in feet) = 2 feet
10 in. x 1 feet = 0.83 feet
12 in. = 17.83 feet

EXAMPLE: A storage tank holds 2000 cubic feet of water.
a. How many gallons of water will it hold?

b. How much does this amount of water weigh?

SOLUTION: To work this problem, you should refer to Table I.
a. Multiply 2000 cubic feet by 7.48 to obtain the number of
gallons which this is equivalent to.
2000 ft3 x 7.48 = 14,960 gallons
rounding off, we get 15,000 gallons

This works because 7.48 is the “conversion factor” used to convert form cubic feet to
gallons. This conversion factor has units and it should be used with the units so
mistakes are not made.

7.48 gallons per cubic foot = 7.48 gal/ft

When working with conversion factors and units, remember that units above the faction

bar cancel out similar units below the fraction bar. For our example

2000 2 x 7.48gal = 14,960 gal
13
or approximately 15,000 gallons



Since ft2 are in both the numerator and denominator (both above and below the fraction

bar), they cancel each other out. Gallons appear only above the fraction bar, so our

answer is in gallons.

b. Convert from gallons to pounds. The conversion factor used
to convert water from gallons to pounds is 8.34 pounds per

gallon or 8.34 Ib/gal, therefore

15,000 gal x 8.34 Ibs/gal = 125,100 Ibs of water
125,100 Ibs can be rounded to 125,000 Ibs

In this case, gallons are in both the numerator and denominator and can therefore be
cancelled.

Sample Problems

1. Convert 350 fpm to fps

2. Convert 750 gpm to gpd

3. Convert 9 cfs to gpm

4. Convert 560 gpm to cfs



CALCULATION OF AREAS

Area can be thought of as a measurement of the surface of a figure, having only two

dimensions; length (L) and width (w). Units of length and width commonly used in the
English system are the inch, foot, yard and mile; the common units in the metric system
are the centimeter, meter and kilometer. Units of surface or area are expressed as
square inches (in?), square feet (sq.ft. or ft?) and so forth depending on the unit of length
used.

Some of the simpler shapes commonly encountered and their area formulas are given

as follows:

The RECTANGLE, a four-sided figure having four right (90°) angles.
Area = length (L) times width (w).

A=Lxw

Example: Calculate the area of a room given dimensions of:
length = 34 feet
width = 22 feet

Solution: Write down the formula for determining the area of a
rectangle. Substitute in the values given for length and
width. Perform calculations.

Area=A=Lxw
A = 34 ft x 22 ft = 748 square feet
The units are square feet because we have
ft x ft = ft2



A CIRCLE is a closed curve in which all points on the curve are equally distant from a
fixed point called the center. The length of measurement from the circle's center to the
circle itself is called the radius (r). The diameter (d) is the length from one side of the
circle to the other side, passing through the center point. The diameter is equal to 2

times the radius (d = 2r).

The area of a circle is given as pi (1) times the radius squared.

(1m) is a constant value equal to approximately 3.14.

Area = 0.785 x diameterz.

A = 0.785x d?

Example: What is the area of a circle that has a diameter of 20 inches?

Solution: Because we are given a "radius", we know the shape of the
area we are asked to determine is a circle. Therefore, we
use the area of a circle formula, substitute in the given value

and perform the calculation.

Area = A = 0.785 x d? = 0.785 x (20 in)? = 314 square inches(in?)

10



CALCULATION OF VOLUMES

A figure in three dimensions is termed a solid figure and its size or occupied space is

expressed in terms of its volume. The volumes of several common shapes are shown
below. Units of volume for the most common shapes, rectangular prisms and cylinders,
are expressed as the cube of the linear dimensions. For example, if we are measuring
the contents of a box with dimensions given in feet, the unit of volume of the box will be
cubic feet (ft?). If the dimensions are given in inches, the unit of volume will be cubic
inches (in%). Another important unit of volume is the gallon. From the "units" discussion
before, we know that the various units of volume can be converted from one to another,

provided we know the proper relationships between the units (conversion factors).

The volumes (V) for some of the more common shapes are given below. Combining
the information discussed here with the "converting units" information allows us to
calculate the volumes of tanks, basins, cylinders, pipelines, etc. and convert from
"cubic" units of volume to gallons. On the other hand, if we are given a volume in
gallons, we can determine how many "cubic" units we need to hold this amount of

water.

The RECTANGULAR PRISM h
VOLUME = area of base (L x w) times height (h)
V=Lxwxh L
w

Example: Calculate the volume of a tank that has the following
dimensions:
length = 34 feet
width = 14 feet
height = 11 feet
Solution: Since we are given length, width and height, we
know the shape of the basin must be a rectangular prism.
We first write down the formula for the volume of a prism and

then substitute in the appropriate dimensions.

11



V=Lxwxh
V=34ftx14 ft x 11 ft
V = 5236 ft3

Our units are "cubic feet" because we are multiplying.
ft x ft x ft = ft3

The CYLINDER

2 x radius = diameter

V = 0.785 d2h N r N

N~

Example: A chemical solution barrel 4 feet high has a diameter of 3

feet. How many gallons of solution can this barrel hold?

Solution: Write down the formula for determining the volume of a
cylinder (barrel). Substitute the appropriate dimensions,
being consistent with the units, and calculate. Convert from

cubic feet to gallons.

V=0.785xd2x4=0.785 (3 f’[)2 x 4' = 28.26 ft3
or rounded off, V = 28 ft3

Using the conversion factor for changing cubic feet to gallons

28 ft2 x  7.48 gal = 209 gallons
1 ftd

12



Special note: When determining the volume of a cylinder, you need the diameter (or
radius) and another dimension. The other dimension is either the height or the length.
We can think of cylinders in terms of their vertical height (like the height of a barrel or
standpipe) or horizontally (like a length of water or sewer main). The volume formula is
the same except we use "height" (h) in one case and "length" (L) in the other. For

example, the volume of a barrel is

V=0.785xd?x h

Whereas the volume of a length of main is

V=0.785xd?xL

Whenever you are asked to determine the volume of a shape and you are given a
diameter, then you know immediately that the shape is that of a cylinder. You then
determine the volume by multiplying the cross-sectional area of the circle by the height
or length. If you are to determine the volume of a shape that has dimensions of length,

width and height, then the shape is a rectangular prism.

Sample Problems

(1)  What is the area of a rectangular room measuring 32 ft in length and 42 ft

wide?

(2)  The standard isolation area of a municipal well is 200 feet in all directions

from the well. How many square feet is this?

(5)  What is the volume of a cylinder 15 feet high having a diameter of 9 feet?

Express your answer in cubic feet and gallons.

13



(6) How many gallons of water will a water main hold that is 18 inches in diameter
and 1500 feet long?

Concentration Expressions-Adding Chlorine to Water

Concentrations for chlorine and other chemicals and compounds in water are commonly
expressed in terms of parts per million (ppm) or milligrams per liter (mg/L). These terms
are the same as each other and used interchangeably. Part per million is defined as one
pound of any substance in a million (M) pounds of another. For generality purposes, the
million pounds (M Ibs) will always be for water. We will be working exclusively the term
as ppm not mg/L, but it vitally important to remember they are the same thing.

1 ppm =1 mg/L
When calculating the concentration of a chemical in water, the weight of chemicals is
place on the top of the part per million equation and the weight of water expressed in

“‘M Ibs” units, is placed on the bottom.

pounds of chemical

Part per Million (ppm) = million pounds of water (M Lbs)

The part per million equation can be used with any chemical at any concentration.
Listed below is the formula you need to familiarize yourself with:

__ pounds of pure chemical
ppm = M lbs of Water

Example: One pound of chlorine in 5,000 pounds of water is equal to what
concentration expressed as ppm? as mg/L?

1t thing to do is always find the million pounds of water (M Ibs).
Once you find the amount of water in pounds to get it to the big “M” units is to divide by

a million.
>0 _0 005 M Ibs
1,000,000
__lbsof pure chemical _ 11lb — -
ppm = M lbs of Water ~0.005M lbs 200 ppm 200 mg/L

14



Another thing, about the ppm equation is it can be used to find the amount of pure
chemical that must be added to achieve a desired dose. Refer to the example below to
simplify the algebraic process.

Example: Solve for the X in the following equation using the concept of cross multiple
and divide.

7 5

x 8

Sample Problems
11 _ x

= — X=
31 12

Now, let’s take that concept and look at the ppm equation.

__ pounds of pure chemical
ppm = M lbs of Water

The ppm is all alone on the left side and just like the sample problem rule 3 of fractions.
At the beginning of this training, we learned any whole number can be assumed to be
over 1. Putting ppm over 1 makes this a double fraction just like above and allows you
to solve for pounds of pure chemical by using cross multiple technique.

15



Example: If water system sample from the distribution system has a concentration of
0.7ppm of chlorine and has total pumpage of 1 M gal. How many pounds of chlorine
were added to the water system?

1MG6&Lx 8.34 lbs
1 1 Gal

= 8.34 M lbs

x
8.34 M lbs

x 0.7pp
Tppm = ———— —
0 ppm 8.34 M lbs 1 m‘%

You only need to multiple 0.7 ppm by 8.34 M Ibs. In the process of doing units cancel
leaving just pounds of pure chemical left. The 1 does not need to be multiplied because
anything times 1 is itself.

0.7 ppm x 8.34 M Ibs = 5.84 pure pounds of chlorine

These steps for this equation may help you solve other types of problems later on in the
session.

Sample Problems

1) 5 pounds of chlorine in 7 million pounds of water equals what concentration in
ppm?

2) 5 pounds of chlorine in 200,000 pounds of water equals what concentration in
ppm?

3) 6 pounds of chlorine in 15,000 gallons equals what concentration in ppm?

4) Theoretically, how many pounds of pure chlorine must be added to 900,000
gallons of water to produce a residual of 2.0 ppm?

16



CHLORINE FORMS
Chlorine Gas (Cl,) - As a gas, the available chlorine is 100%. This is a liquid chlorine,
or gas liquefied under pressure, and is available in 150 pound cylinders and one ton

containers. As noted previously, it reacts with water as follows:
Cly + H,0 S HOCI + HCI ..and.. HOCI 5 H" + OCI

Calcium Hypochlorite (Ca[OCl];) - This is a solid which contains 65% available chlorine.

It is produced in powder, granular, and tablet form and is easily shipped and stored. It
is sold under various trade names such as "HTH", "Perchloron" and "Pittchlor". This
form must either be mixed with water to form a solution and pumped into the system, or

added as is to a nonpressurized system. Its reaction with water is as follows:

Ca(OCl); + 2H,0 S 2HOCI + Ca(OH); ...calcium hydroxide
2HOCI S 2H" + 20CrI

Sodium Hypochlorite (NaOCI) - This is a liquid containing between 3% and 19%

available chlorine. It is sold under numerous trade names such as, “Roman Cleanser",
“Clorox Bleach", etc. It can be readily purchased at a variety of locations and is easy to
use and handle. Because of this, it is the most common form of chlorine used in small

water systems. lIts reaction with water is as follows:

NaOCI + H,O S HOCI + NaOH ...sodium hydroxide
HOCI 5 H* + OCI

17



Example On a particular day, a treatment plant applies 150 Ibs of chlorine, and the
flow meter shows that 2,000,000 gallons of water were treated. How many

ppm of chlorine were applied?

Solution Write down the parts per million formula and substitute the values for 1bs of
chemical and million Ibs of water. Be sure million Ibs of water are expressed

in the unit "million lbs of water" and not in million "lbs of water".

ppm = lbs of pure chemical
million Ibs of water

= 150 1Ibs chlorine
2 M gal x 8.34 Ibs/gal
== 150lbs —— = 9ppm
16.7 M lbs

Therefore, 9 ppm of chlorine was applied.

When working problems to determine concentrations, be sure the units in the numerator and
denominator are the same. For the above example, we were given gallons of water and needed
to convert to "million pounds" (M 1bs). For this, use of the conversion factor (8.34 Ib/gal) was
necessary. Water really weighs 8.34 Ibs/gal only under standard conditions 20°C and no
impurities dissolved or suspended in the water. Although standard conditions are rarely
encountered in practice, this does not make significant differences in our answers.
Occasionally, some compensation for conditions other than standard are made and the weight

conversion factor is stated as 8.34 Ibs/gal.

18



How we use the parts per million equation to solve a problem depends on how the problem is
presented. In some cases, we are told how much chlorine (chemical) is to be dissolved in a

certain amount of water. In this case, we simply use the standard equation

ppm = Ibs of pure chemical
million lbs of water

substitute in the known values and perform the calculation.

Example: A chlorinator is set to feed 10 Ibs of chlorine per day to a flow of 250 gpm.
What is the chlorine dose in ppm?

Solution:

ppm =1bs of pure chemical
million lbs of water

Ibs of chemical is given as 10, we need to determine how much water, in M Ibs, we are

chlorinating. .

250 gal x60min x 24hrs x 8.341bs =3,002,400 lbs/day
min hr day gal

each day, we have 3,002,400 Ibs =3 M lbs

ppm = 101lbs = 3.3 ppm
3 Mlbs

In other problems, we are given (or are given information that allows us to determine) the ppm
and million 1bs of water, and we are asked to find the amount of chemical needed. For this

type of problem, we use an adaptation of the standard ppm equation;

ppm x million lbs of water = Ibs of pure chemical

19



The above equation was derived by solving for the unknown "lbs of pure chemical" using the

principles we discussed. Let us look closer at the units for this equation.

ppm x million lbs of water = lbs of pure chemical

lbs ~ x M lbs of water = lbs pure (100%) chemical
M Ibs 1

With these concepts in mind, we can now calculate the amount of chemical needed to provide

for a specific rate of application.

Example: A community chlorinates its drinking water. If 1.7 million gallons are pumped
each day, how many pounds of 100% available chlorine are needed to produce
1.0 ppm?

Solution: Set up the parts per million equation, make appropriate substitutions, calculate:

ppm = 1bs of chlorine
M Ibs of water
1.0ppm = Ilbs of chlorine
1.7 M gal x 8.34 Ibs/gal
1.0ppm = 1bs of chlorine

14.2 M 1bs of water

Now solve for the unknown pounds of chlorine by clearing the right side of the equation to get
the "Ibs of chlorine" by itself. We do this by multiplying both sides of the equation by 14.2 M
lbs of water. Because "ppm" is 1bs per M Ibs, the M Ibs cancel and we are left with lbs of

chlorine.

1.0Ib x 142Mlbs =14.2 Ibs of 100% chlorine
M lbs 1

20



In most operations, 100% available chemical is not used (gas chlorine is the exception).
Frequently, some other concentration of available chlorine is used. These concentrations are
expressed in terms of "percent available chlorine." Typical percents include 5.25%, 10%, and

65% available chlorine.

One way to think of the "percent available" of the compound we are dealing with is as follows.
Because percent is "parts per 100 parts" (see the fraction section for a review of this topic),
"percent available" represents the amount of pure substance, in pounds, per 100 pounds of
compound. Given that we have 65% available chlorine, we can easily calculate how many
pounds of pure chemical are available provided we know how many pounds of compound we

have.

Example How many pounds of chlorine are in 4 1bs of a compound that has 65%

available chlorine?

Solution We calculate this by multiplying the weight of pure chlorine in the 65% pure

compound, by the number of pounds of compound we have.

65 1lbs pure chlorine X 4 Ibs of compound (cmpd) = 2.6 Ibs pure Cl2
100 Ibs of cmpd 1

Therefore, 2.6 lbs of pure chlorine are contained in 4 Ibs of a compound that has 65% available

chlorine. The following sample problems will give you more practice.

SAMPLE PROBLEM
1. How many pounds of chlorine are in 10 Ibs of a compound that has 65% available
chlorine??

21



Suppose we are given a situation where a known volume of water is pumped on a daily basis
and we desire to maintain a particular chlorine concentration in a drinking water. If we
calculate, we need 9 Ibs of 100% available chlorine to provide this concentration, how do we

calculate how many pounds of 65% available chlorine we need for this?

If we think of "X" as the amount of 65% available chlorine needed to equal 9 1bs of 100%

available chlorine, then

65 Ibs of pure chlorine x "X" = 9 lbs pure chlorine
100 Ibs compound

Solve for "X" by multiplying both sides by 100 Ibs cmpd
65 Ibs pure

X=91bspure x 100 1bs cmpd
1 65 Ibs pure

X =14 1bs cmpd

Therefore, we need 14 Ibs of 65% available chlorine. We need more chemical compound
when the percent availability is less than 100% than we do with a chemical compound of

100% availability.
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Sometimes the compound that contains the desired chemical is liquid. Before the amount of

available chemical is determined, the weight of the compound must be calculated.

Example How many pounds of chlorine are in 5 gallons of compound that weighs

10 pounds per gallon and has 10% available chlorine??

Solution 5 gallon compound x 10 1bs = 50 Ibs of compound
1 gal

Since the compound has a 10% chlorine availability

10% of 50 Ibs = 0.10 x 50 Ibs = 5 lbs of pure chlorine

By combining the various techniques discussed above with volume calculations, we can work

computations involving disinfection of water mains.

Example How many gallons of liquid chlorine (5.25 % available chlorine) would be
required to apply 50 ppm chlorine to 500 feet of new 6 inch watermain??

Assume liquid chlorine weighs 10 Ibs/gallon.

Solution Diameter is 6 inches = 0.5 feet
Volume = area x length = (0.785 x d*) x L
V =0.785 x (0.5ft)* x 500 ft = 98 ft* of water to apply chlorine to
98 ft’ x 62.4 Ibs/ft> = 6,100 Ibs
6,1001bs x Mlbs water = 0.0061 M Ibs water
1,000,000 Ibs

We know ppm = Ibs chemical (chlorine) => 50ppm = lbs of pure chlorine
million lbs water 0.0061

s0, Ibs of chlorine = ppm x million lbs water
50 x 0.0061 =0.31 Ibs of 100% chlorine
==0.31 Ibs pure

23



We know how many Ibs of pure chlorine we need, how many lbs of 5.25% available

chlorine do we need?

5.25 lbs pure x "X"=0.311bs 100% available Cl2 100
Ibs cmpd

Solving for "X", we get
X=0.311Ibspure x 100 Ibs cmpd
5.25 lbs pure

X =5.9 1bs of cmpd

Now determine the gallons of liquid chlorine needed. Since our compound weighs 10 Ibs/gal,

591bs  x  1gal=0.59 gal 5.25% liquid Cl2

10 Ibs
SAMPLE PROBLEMS
2. How many pounds of chlorine are in 9 gallons of a solution that weighs 10 pounds per

gallon and has 5% available chlorine??

3. How many pounds of calcium hypochlorite (65% available chlorine) would be

required to disinfect 800 feet of 8-inch water main with 50 ppm of chlorine??

24



As in math there is multiple ways to do the same question. In the above examples we explored
the concept of converting from pure chlorine to a compound containing 5.25% available
chlorine.

Recall, this question earlier:

X=0.31 Ibs pure x 100 Ibs compound = X =5.9 Ibs of compound
5.25 Ibs pure

In order, to do what is being done above one must pull this unit conversion factor from the
stated question. Trying to imagine an artificial amount of 100 pounds of something without
physically seeing it can be hard. Let’s try something else that some people will find easier to
visualize. In a given question, there will be a percentage that represents the actual available
percentage of a pure element in a compound. Earlier, in this course you learned how to convert
percentage to decimals by simply moving the decimal point within the percentage two
places to the left.

RECALL: 72.00% 'S &2/._00%=0.72

Percentages are given in the questions now let’s discuss any easy approach to using them other
than trying to imagine 100 Ibs of compound and the amount of pure based on the percent.

To summarize this '"Rule of Thumb'':

Going from compound to pure, you multiple by the percent.
Going from pure to compound, you divide by the percent.

Example: How many gallons of liquid chlorine (5.25% available chlorine) would be
required to apply 50 ppm chlorine to 500 feet of new 6-inch watermain? Assume
liquid chlorine weighs 10 Ibs/gallon.

Solution: Diameter is 6 inches. Convert to feet by dividing by 12 = 0.5 feet
Volume = area x length = (0.785 x d?) x L
V =0.785 x 0.5 x 0.5 x 500 = 98ft> of water supply to apply chlorine to
98 ft3x 7.48 gal/ft® x 8.34 Ibs/gal = 6100 Ibs of water
6100 Ibs of water  =0.0061 M Ibs of water
1,000,000 Ibs of water

We know ppm = Ibs of pure chemical
M lbs of Water

So Ibs of pure chemical = ppm x M Ibs of Water
50 ppm x 0.0061 M Ibs of Water = 0.31 Ibs of pure chlorine

We now know how many pounds of pure chlorine we need, but the problem asks for gallons of a
liquid chlorine compound, how do we convert to this?

25



Now instead of trying to imagine 100 pounds of something like the previous example to this,
let’s make it easier. Look for the percent within the initial question and convert to decimal.

5.25% = 0.0525

Using the rule of thumb, we have a pure chemical and need to convert to compound, we need to
divide.

0.31 Ibs of chlorine = 5.9 Ibs of compound
0.0525

Now determine the gallons of liquid chlorine needed. Since our compound weighs 10 Ibs/gal.
You can simple divide by the 10 Ibs/gal to get your answer.

5.9 Ibs of compound = 0.59 gallons of 5.25% liquid chlorine.
10 Ibs/gal
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Chlorine Review Problems

How many pounds of chlorine are in 6 gallons of a solution that weighs 10 pounds per gallon
and has 10% available chlorine?

How many pounds of chlorine are in 9 gallons of a solution that weighs 10 pounds per gallons
and has 5% available chlorine?

Eight pounds of chlorine in 650,000 Ibs of water equals what concentration in ppm?

Five pounds of chlorine in 300,000 Ibs of water equals what concentration in ppm?

If 65 pounds of chlorine are added to 6 million gallons of water, what is the concentration
of chlorine? 7

What is the concentration of chlorine if 22 pounds of chlorine are added to 275,000 gallons of
water?
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What is the concentration of chlorine if 17 pounds of chlorine are added to 120,000 gallons of
water?

How many pounds of chlorine are in a 20 gallon solution that weighs 10.4 pounds per gallon
and has 5.25% available chlorine?

Calculate how much HTH powder in pounds (65% available chlorine) would be required to
obtain a chlorine dose of 75 ppm in an elevated water tank 45 feet in diameter and 70 feet
deep.

How many gallons of bleach (5.25% available chlorine) would be required to apply 50 ppm
chlorine to 500 feet of new 6-inch watermain? Assume bleach weighs 10 Ibs/gallon.

How many pounds of calcium hypochlorite (65% available chlorine) would be required
to disinfect 1,000 feet of 12-inch water main with 50 ppm of chlorine?

28



It is desired to apply 3 mg/l of chlorine to a well which pumps 500 gallons/minute (gpm). How
many pounds of chlorine gas are used in one day?

A water supply has a chlorine demand of 3 mg/I. It is desired to maintain a residual throughout
the distribution system of 0.4 parts per million. How many gallons of sodium hypochlorite
(12% available) are needed to maintain this residual knowing that the water supply pumps
300,000 gallons each day? Assume one gallon of sodium hypochlorite weighs 10.4 pounds.

A water treatment plant treating 10 MGD is prechlorinating with 150 pounds of chlorine gas per
day and postchlorinating with 100 pounds of chlorine gas per day. What are the respective
prechlornation and postchlorination application rates in mg/I?

Estimate the chldérine dose in mg/l if a chlorinator feeds at a rate of 21 Ibs per 24 hours and the
flow is 0.60 MGD.
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A new 18-inch well must be disinfected. You want a chlorine residual of 125 ppm. The depth of
the well is 1000 feet and the static water level is 200 feet below the top of the casing. How
many pounds of chlorine will you need?

You are required to add chlorine to your water supply for disinfection. You have determined
that your system has a chlorine demand of 0.9 ppm and you wish to maintain a chlorine
residual of 0.5ppm. The flow through your treatment plant is 11 MGD (million gallons per day).
Assume you are using 15% Sodium Hypochlorite and it weighs 10.4 Ibs/gallon. Your chemical
feed pump should be set at
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Chlorination Questions
How many gallons of sodium hypochlorite (12.5%) are required to disinfect a 6-inch
diameter water line that is 1,000 feet long using 50 mg/L chlorine solution? Assuming
liquid sodium hypochlorite weighs 10 Ibs/gal.

How much chlorine gas is required to treat 5 million gallons of water to provide a 0.7
residual?

How many pounds of available chlorine are there in 50 pounds of 65% calcium
hypochlorite?

A chlorinator is set to feed 20 pounds of chlorine in 24 hours to a flow of 0.85 MGD. Find the
chlorine dose in mg/L.

What should be the setting on a chlorinator (Ibs chlorine per 24 hours) if the service pump
usually delivers 600 gpm and the desired chlorine dosage is 4.0 mg/L?

How many pounds of 65% HTH chlorine will be required to disinfect 400 feet of 8-inch water
main at 50 ppm?
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7. What should the chlorinator setting be (Ibs/day) to treat a flow of 2 MGD if the chlorine
demand is 5 mg/l and a chlorine residual of 0.8 mg/l is desired?

8. How many pounds per day of HTH (65% available chlorine) are required to disinfect
10,000 feet of 8-inch water line if an initial dose of 20 mg/l is required?

9. Your water has a chlorine demand of 1.4 ppm and you desire a residual of 0.7 ppm. What should your
chlorine dose be?

10. A new 12-inch well must be disinfected. You want a chlorine residual of 100 ppm. The depth of
the well is 1000 feet and the static water level is 300 feet below the top of the casing. How
many pounds of chlorine will you need?
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11. The pump in your main well has been replaced. The well driller dumps 6 pounds of HTH down
the well for disinfection. What is the concentration of Cl in the well?
Assume: HTH contains 65% available chlorine; Well diameter = 18 inches for the entire well
depth
Well depth = 600 feet; Static water level = 150 feet below top of casing

12. You are required to add chlorine to your water supply for disinfection. You have determined
that your system has a chlorine demand of 0.8 ppm and you wish to maintain a chlorine residual
of 0.5 ppm. The flow through your treatment plant is 5 MGD. Assume 100% available chlorine.
Your chlorinator should be set at

13. What is the chlorine dose if you apply 120 poﬁnds of 12.5% sodium hypochlorite in 2 days with a
flow of 2.5 MGD?
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14. As water superintendent, you must determine the chemical costs of chlorinating your water supply.

Assume the following data applies to your system:
Average daily pumpage = 1.5 MGD Average chlorine demand = 1.0 ppm
Desired chlorine residual = 0.3 ppm Gas chlorine at 19 cents per pound

What would be the yearly chlorine costs?

15. A barrel 3 feet tall and 2.5 feet in diameter is filled with sodium hypochlorite. This chlorine
solution is fed to a well which pumps for 16 hours at a rate of 400 gpm. After this period of
time, the level in the barrel has dropped 9 inches. How many pounds of sodium hypochlorite is
used? Assume NaOC| contains 12.5% available chlorine and weighs 10 Ibs/gal.
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Chlorine Review Problems

How many pounds of chlorine are in 6 gallons of a solution that weighs 10 pounds per gallon
and has 10% available chlorine?

ogal x olls MU"SX o - é’!ésofﬂw
i ‘

How many pounds of chlorine are In 9 gallons of a solution that weighs 10 pounds per gallons
and has 5% available chlorine?

- BS - £l
5{5@1;%3‘ W los of am 1,05 4 Ibs of Clz

Eight pounds of chlorine in 650,000 Ibs of water equals what concentration in ppm?

1,060, o :

06 Mlbs g0 = 12:3p M

Five pounds of chlorine in 306,000 |bs of water equals what concentration in ppm?
5 1t =6 6Ty RO

If 65 pounds of chlorine are added to 6 million gallons of water, what is the concentration

of chlorine? é)/( 2.3 = 50 04 M lés ﬁ‘z@

L5 .3
Spoy Albs PP

What is the concentration of chlorine if 22 pounds of chlorine are added to 275,000 gallons of

water? ,
| }7'50004,( 83H = 22935¢ o e HO
22- 6lopm
| o = 4. f’P
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What is the concentration of chlorine if 17 pounds of chlorine are added to 120,000 gallons of
water? —
120,600¢a! 34 = 1,600,960\ = | M \os

000,000
_L[?/ = \7P9m (

How many pounds of chlorine are in a 20 gallon solution that weighs 10.4 pounds per gallon
and has 5.25% available chlorine?

20 ‘al - w-’- 205;?)\‘05 of comp x (0525 :/O,QZ los quf/oarc
..Ej_*lgod | | R

e BN .
N o

Calculate-how much HTH powder in pounds {65% available chlorine) would be required to
obtain a chlorine dose of 75 ppm in an elevated water tank 45 feet in diameter and 70 feet

deep. \[ 78SATn . T3Sk 4SAXHSFix 761)6? ’}g,fj”‘”g g
_ * Pt L 94,613 s of - Y A/és
ysnlo i 5205 Vosob b7y PTG T

3 r
| lbs m

How many gallons of bleach {5.25% available chlorine) would be required to apply 50 ppm
chlorine to 500 feet of new 6-inch watermain? Assume bleach weighs 10 Ibs/gallon.

SO0 T4 8% 12 :
7687 S x5 xS 22461213 Wbs _ poe At tos W20

yre- ‘
EOQPM"C-OOG MH,0 :éleO-CQg“W:_ 57( \bsof—@“‘: "S7ﬁoJ

0525

How maﬁy pounds of calcium hypochlorite {65% avallable chlorine) would be required
to disinfect 1,000 feet of 12-inch water main with 50 ppm of chlorine? . -

12
195k \xlx (000 UD x84 = 4397 _  pusq mWs

1,6‘(13,00@# 9 are
£ g x 04 B8 K Vo> 62D < 245" (bs oF-asery
e =376 lbs ot gare:
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A new 18-inch well must be disinfected. You want a chlorine residual of 125 ppm. The depth of
the well is 1000 feet and the static water level is 200 feet below the top of the casing. How

many pounds of chlorine will you nee .
%/,2.= y\p§$¥f " o00 - 260 = 3666+ Hue /\czgh*
oS s B0 T8 3 38T 1bs oF O 533 Aeles O

z 03%x 2Sppm= Tl W os.ot e ¢l
\woH

%X & You are required to add chlorine to your water supply for disinfection. You have determined

\ = that your system has a chlorine demand of 0.9 ppm and you wish to maintain a chlorine
residual of 0.5ppm. The flow through your treatment plant is 11 MGD (million gallons per day).
Assume you are using 15% Sodium Hypochiorite and it weighs 10.4 Ibs/gallon. Your chemical

feed pump should be set at Tl M ,é)
94,55 WY ppan fotal dose WM6D X834 =9 H /7‘2&5

| x4l = g%ﬁ'bs&ﬂm m:ﬂ\bsofw“ 5233 gal of

) \orire
\0 ol eh ;6\\,)(\0“
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} " Itis desired to apply 3 mg/] of chlorine to a well which pumps 500 galions/mmute {gpm}. How
( many pounds of chiorine gas are used in one day?

5003a/ B34ls, Comrn  ZRWT_ () 004 BOON6S oy ips 4, C

e \@ay  },000,000
(3lbsa -Cﬁqs_

[ain lﬁ”"

gepm X $CQ M Abs ({"»O s

A water supply has a chlorine demand of 3 mg/l. It is desired to maintain a residual throughout
the distribution system of 0.4 parts per million. How many gallons of sodium hypochlorite
(12% available) are needed to maintain this residual knowing that the water supply pumps
300,000 gallons each day? Assume one gallon of sodium hypochlorlte weighs 10.4 pounds.

Yolal dose = demand\ * residval = 3+ H =34 ppm
200,00080) % 234 > 1,502,000%5 5 < 4y lps 1,0
/,00%, 000 g
24 ppm x2S A lbs - %swsaff“@ 10 5les offieen_ | Blgal abs
"z ._ IO Y7 (/Mar/'nb/ hon
| solufi®

A water treatment plant treating 10 MGD is prechlorinating with 150 pounds of chlorine gas pet
day and pastchlorinating with 100 pounds of chlorine gas per day. What are the respective

prechlornation and postchlorination application rates in mg/I?

@ 2 (D160 &34 MloS IS0 ), Sppm

v .

234

(069
234 = . Zpgpm

Estimate the chldrine dose in mg/l if a ch!orinatorfeeds at a rate of 21 lbs per 24 hours and the
flow is 0.60 MGD.

8,‘.,4.2 »
4L
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( Chlorination Questions
1. How many gallons of sodium hypochlorite (12.5%) are required to disinfect a 6/2 -.5 LF = D
6-inch diameter water line that is 1,000 feet fong using 50 mg/L chlorine /

solution? Assume sodium hypochlorite weighs 10 Ibs/ gal? ) o
L1850, B, Sx 1000 148 ¥ 534 = 1Z,2H3Ves | ,O\Z- M lbs 42O

_ .6 loS o pince 1,000 000 Les”~
N M = — ; i . )
wO‘Z XQO Pp ',Zs’ = Li ¢ %h{)§ O-«f q’)U\.VC‘L': 04«8(91 :_‘L/ d / 5‘0[,/1 w1 //)l(‘fdgﬁ Av,/%
- "J
2. How.muchchlorine gas is require‘d%\t%)ea/g)sc million gallons of water to provide a 0.7
, residual? 5’(% '3:,( - LN-’]M lbs #;0

A{l.?\<.7=,}.q‘[‘i (bs o-[ pore [gas]

e

3. How many pounds of available chlorine are there in 50 pounds of 65% calcium
hypochlorite?

50 wmp x .S - 22.5 lbs of pure

4. A chlorinator is set to feed 20 pounds of chlorine in 24 hours to a flow of 0.85 MGD, Find the

chiorine dosein mg/l. RS 6Dx & D¢ =7,06G M s o€ B0
2
.01 3 Zpm

5. What should be the setting on a chlorinator {Ibs chlorine per 24 hours) if the service pump
usually delivers 600 gpm and the desired chlorine dosage is 4.0 mg/L?

‘ T X M X \d&y /,w'md
2. 2x H= 29,84 lbs oF pue

&

6. How many pounds of 65% HTH chlorine will be required to disinfect 400 feet ofﬁ-inch water
main at 50 ppm? 12

.. 2uss 93%= 3793205 Lozt u
(785 x-6T+.LT+ HOx s S ST

Gox 0088 = 4 lbs of pure_ 77 lbs ol MTH
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7. What shiould the chlorinator setting be (Ibs/day) to treat a flow of 2 MGD if the chlorine /é
demand is 5 mg/! and a chiorine residual of 0,8 mg/l is desired? - M /58 .
| rbh= S.bppw Yol dosc 2534 (.62

6.5« 6D (.77 Vo5 of O

8. How many pounds per day of HTH (65% avallable chlorine) are required to disinfect 10,000 ‘

feet of 8-inch water line if an injtial dose of 20 mg/l Is required? -
= 195%.C1x-67x10,000% 43 w3734 =4, 33085 . 35 ul
/ldja/wo [1‘;0

|74

L22x)0 = HH U los oFpur= - 4,77 lbs of HTH
&

9,Your water has a chiorine demand of 1.4 ppm and you deslre a residual of 0.7 ppm. What should your

chlorine dose be? I'H "_"l = 2.' "'0"41 C‘Off—

10. A new 12-inch well must be disinfected. You wanta chlorine residual of 100 ppm. The depth of
the well is 1000 feet and the static water level is 300 feet below the top of the casing. How

mgny pounds of chlorine will you need? /,600" -300 = 7m@_ /7[ .
925 % ¢l x 700 x BB AR Uy p3a pilbs.o” e
‘ jpoo poo

53Uz A0 2 242 lbs oF pore de
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11, The pump in your main well has been replaced. The well driller dumps 6 pounds of HTH down

the well for disinfection. What Is the concentration of Clin the well?
Assume: HTH contains 65% available chlorine; Well diameter = 18 inches for the entire well

depth

150 feet below top of casing /5/,2‘ =Lo y #

: Well depth = 600 feet; Static water level = s
- £ S0 = 450 :
(:x.éif%t}ﬁf{o pure 600 - /7%*’“’“4{0*74&)3 34 ¢
' - l6s '
R iq_f)_éz_.-‘.oqqgla/és #H0

73.63pm 10w po0

12. You are required to add chlorine to your water supply for disinfection. You.have determined
that your system has a chlorine demand of 0.8 ppm and you wish to maintain a chiorine residual
of Q2 ppm. The flow through your treatment plant is 5 MGD. Assume 100% avallable chlorine.

Your chlorinator should be set at .
L 44.5 = 3ppm Yeral dose by %34 4.1 ./'4 (s (0

[ 34417 <5420 lbsoFpure

13, What is the chlorine dose if yQu apply 120 pounds of 12,5% sodlu%hypochlonte in 2 days with a

flow of 2.5 MGD?x 2. =S UG O 3. 3‘(__4, 7
|20 x 125 = 5 lbr aﬁ-pm
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—_— M
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14. As water superintendent, you must determine the chemical costs of chlorinating your water supply.

it Asstme the following data applies to your system:
Average dally pumpage = 1.5 MGD Average chlorine demand = 1.0 ppm
Deslred chlotine residual = 0.3 ppm Gas chlorine at 19 cents per pound
?
What would be the yearly chlorine costs? \.3 oo M Jrolro-\ dosc

9

A ,. 34 25| Mles of ¥ )
15 x§34 =2 20 S3539q 75351

17-7.34 yc'ar{g
1.3y 25\ = \6.20 \psof Ozx 2

15, A barrel 3 feet tall an@eet in diameter is filled with sodium hypochlorite. This chlorine

(' solution is fed to a well which pumps for 16 hours at a rate of 400 gpm. After this period of
time, the level in the barrel has dropped 9 inches. How many pounds of sodium hypochlorite is
used? Assume NaOCI contains 12.5% available chlorine and weighs 10 lbs/gal.

= [
TS x 25325 5152 563 R TG, 275gal JOL0.

ga.,
276.3 Vosof Wuﬁad ‘ |
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In Michigan, the optimum fluoride concentration is 0.7 mg/Il, and is based on new
findings and recommendations from the Center for Disease Control, released in 2014.

The maximum contaminant level for fluoride was established by the EPA revised the
maximum contaminant level to 4.0 mg/I.

Long term exposure to fluoride concentrations above 4 mg/l can cause osteosclerosis,
calcification of the ligaments and tendons, and consolidations of the vertebrae.
Accidental ingestion of toxic overdoses generally causes vomiting, stomach cramps,
and diarrhea.

BENEFITS

Fluoridation is one of the most cost-effective health measures available. For every dollar
spent on water fluoridation, up to 50 dollars in dental bills may be saved. The cost of
fluoridation is about 50 cents per person per year.

Results indicated a 60 percent reduction in dental cavities in children who drank
fluoridated water compared to children in the nonfluoridated control communities. These
results led to the promotion and widespread use of water fluoridation as an important
public health measure.

When fluoridated water is ingested, the fluoride ion seeks out and is deposited in the
bone structure of the body. About 20% of the fluoride is incorporated onto the tooth
surface while drinking the water. Most of the remaining fluoride passes through the
stomach and is distributed throughout the skeletal structure, including the teeth.
Incorporation of fluoride is most rapid during the time of the child’s formation and
growth. This time period is roughly from the 4" month of pregnancy to the 10%" year.
The presence of fluoride makes the tooth more resistant to the bacterial acids which
cause tooth decay. There is also some evidence to show that higher levels of fluoride
strengthen the bones of older people, thus reducing the incidence of bone fractures.
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FLUORIDE CHEMICALS

Fluoride, a gaseous halogen, is the thirteenth most abundant element found in the
earth’s crust. It is never found in its free state in nature, but is always in combination
with other elements as fluoride compounds. These compounds include fluorspar, apatite
and cryolite. Due to its abundance in nature, fluoride is found naturally in all waters.
Concentrations will of course vary depending on the quantity of fluoride containing
minerals in the area. The deeper the ground water, the greater the concentration of
fluoride in the water.

The most used compounds to fluoridate water are sodium fluoride, sodium fluorosilicate
and hydrofluorosilicic acid. A comparison of fluoridation chemicals is described below.
All these chemicals are refined from minerals found in nature and they yield fluoride
ions identical to those found in natural waters.

Sodium Fluorosilicate (NazSifs):

A white, odorless crystalline powder. A compound of pure (100%) sodium silicofluoride
contains 60.6% actual fluoride. Commercially, the compound is typically 98% pure and
contains $9.4% actual fluoride.

Sodium Fluoride (NaF):

A white, odorless compound available as a powder or in the form of crystals. A
compound of pure (100%) sodium fluoride. Contains 45.2% actual fluoride.
Commercially, the compound is typically 98% pure and contains 44.2% actual fluoride.
It has a relatively constant solubility of 4% in water, which makes it especially suitable
for use with a saturator feed system.

Hydrofluorosilicic Acid ( H2SiFs):

A straw-colored, transparent, corrosive liquid having a pungent odor. A 100% solution of
hydrofluorosilicic acid will contain 79.1% actual fluoride.

However, the acid is usually sold at 25-30% strength. Therefore, a 25% acid would
contain 19.8% actual fluoride.
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In all operations, 100% available fluoride is not available. However, other concentrations
of available fluoride are used. These concentrations are expressed in terms of "percent

available fluoride." Typical percent’s include 19.8%, 44.2%, and 59.4% available fluoride.

One way to think of the "percent available" of the compound we are dealing with is as
follows. Because percent is "part of the whole" (see the fraction section for a review of
this topic), "percent available" represents the amount of pure substance, in pounds, per
100 pounds of compound. Given that we have 59.4% available fluoride, we can easily
calculate how many pounds of pure chemical are available provided we know how many

pounds of compound we have.

Example: How many pounds of fluoride are in 4 Ibs of a compound that has 59.4%
available fluoride?

Solution: We calculate this by multiplying the weight of pure fluoride in the 59.4%
(convert to a decimal) available compound, by the number of pounds of

compound we have.

0.594 x 4 Ibs of compound (cmpd) = 2.38 Ibs pure F2

Therefore, 2.38 Ibs of pure fluoride are contained in 4 Ibs of a compound that has 59.4%

available fluoride. The following sample problems will give you more practice.
SAMPLE PROBLEM

1. How many pounds of fluoride are in 10 Ibs of a compound that has 44.2%

available fluoride?
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Suppose we are given a situation where a known volume of water is pumped on a daily

basis and we desire to maintain a particular fluoride concentration in a drinking water.

Example
If we calculate, we need 9 Ibs of 100% available fluoride to provide this concentration,

how do we calculate how many pounds of 19.8% available fluoride we need for this?

If we think of "X" as the amount of 19.8% available fluoride needed to equal 9 Ibs of 100%

available fluoride, then

X Lbs of compound = 9 Ibs pure fluoride
0.198

Simply divide weight of pure fluoride by the percentage that has been converted to a

decimal form.
X =45.45 Ibs cmpd
Therefore, we need 45.45 |bs of 19.8% available fluoride. We need more chemical

compound when the percent availability is less than 100% than we do with a chemical

compound of 100% availability.
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Sometimes the compound that contains the desired chemical is liquid. Before the amount

of available chemical is determined, the weight of the compound must be calculated.

Example: How many pounds of fluoride are in 5 gallons of compound that weighs 10

pounds per gallon and has 19.8% available fluoride?

Solution: 5 gallon compound x 10 Ibs = 50 Ibs of compound
1

Since the compound has a 19.8% fluoride availability
19.8% of 50 Ibs = 0.198 x 50 Ibs = 9.9 Ibs of pure fluoride

By combining the various techniques discussed above with volume calculations, we can
work computations involving disinfection of water mains.

As in math there is multiple ways to do the same question. In the above examples we
explored the concept of converting from pure fluoride to a compound containing 19.8%
available fluoride.

Let’s try something else that some people will find easier to visualize. In any question,
there will be a percentage given to represent the actual available percentage of a pure
element in a compound. Earlier, in this course you learned how to convert percentage
to decimals by simply moving the decimal point within the percentage two places
to the left.

RECALL: 72.00% mmmp . 72,00% =0.72

Percentages are given in the questions now let’s discuss any easy approach to using
them other than trying to imagine 100 Ibs of compound and the amount of pure based
on the percent.

To summarize when:

Going from compound to pure, you multiple by the percent.
Going from pure to compound, you divide by the percent.
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Example: How many gallons of hydrofluorosilicic acid (19.8% available fluoride)
would be required to apply 2 ppm fluoride to a water system’s clear well
that has a diameter of 100 feet and a depth of 25 feet? Assume the acid
weighs 10 Ibs/gallon.

Solution: Volume = area x length = (0.785 x d?) x D
V =0.785 x 100 x 100 x 25 = 196250 ft3 of water supply to apply fluoride
196250 ft3 x 7.48 gal/ft® x 8.34 Ibs/gal = 12,242,703 Ibs of water

12,242,703 lbs of water = 12.243 M Ibs of water
1,000,000 Ibs of water

We know ppm = lbs of pure chemical
M Ibs of Water

So |bs of pure chemical = ppm x M Ibs of Water
2 ppm x 12.243 M |bs of Water = 24.49 |bs of pure fluoride

We now know how many pounds of pure fluoride we need, but the problem asks for
gallons of acid needed, how do we convert to this?

Look for the percent within the initial question and convert to decimal.
19.8% = 0.198

Using the rule of thumb, we have a pure chemical and need to convert to compound, we
need to divide.

24.49 Ibs of fluoride = 123.69 Ibs of compound
0.198

Now determine the gallons of acid needed. Since our compound weighs 10 Ibs/gal. You
can simply divide by the 10 Ibs/gal to get your answer.

123.69 Ibs of compound = 12.37 gallons of 19.8% hydrofluorosilicic acid.
10 Ibs/gal

We are going to do another sample problem before moving into the remaining
review/homework questions. When we discussed the different forms of fluoride
compounds earlier 2 of them are salts. These salts can be naturally occurring in
different rock formations around the world. There are several areas with naturally
occurring fluoride in the water. Michigan is one of these places especially where we
have aquifers within rock formations.
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Sample: How many gallons of 25% hydrofluorosilicic acid (19.8% available fluoride)
need to be added to a water supply that pumps a total 450 gpm for
10 hours. The system has a naturally occurring fluoride level of 0.3 ppm
and a desired residual of 0.7ppm. Assume that the acid weighs
10.8 pounds per gallon.

First, as always given chemical addition questions solve for M Ibs of water.

450 gallons 8.34 lbs
1 minute x 1 gallon

Now determine the total time of pumping and then multiple it by Ibs/min.

= 3753 lbs/min

10 hours x 60 minutes = 600 minutes

600 minutes x 3753 Ibs/min = 2,251.800 |bs =2.252 M |bs of water
1,000,000

Now to determine the ppm applied. This is the tricky part of this question. If naturally
occurring fluoride exists in the water similar to this example you need to determine how
much you’re going to add to reach the desired residual.

Desired — Natural = Dosage Added

0.7ppm - 0.3ppm = 0.4ppm added

Now do the remaining steps like the previous example:

0.4 ppm X
T 7252 Ibs ‘ X = 0.90 Ibs of pure fluoride
{2,8%=0.198 02 leOO'I '; :wrine = 4.55 lbs of compound

4.55 lbs of compound
10.8 lbs/gal

= 0.42 gallons of 25% acid

Please continue to the review questions use these examples as references.
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1.

Additional Fluoride Questions
How many gallons of 25% (19.8% actual fluoride) hydrofluorosilicic acid will be
required to apply 1.0 ppm of fluoride to 1 million gallons of water? Assume that 1
gallon of acid weighs 10.4 pounds.

How many gallons of 25% hydrofluorosilicic acid will be required to apply 1.0 ppm
of fluoride in 1 million gallons of water if the natural fluoride concentration is 0.3
mg/lI? Assume the acid weighs 10.4 pounds per gallon 25% acid has 79.1%
available fluoride.

How many gallons of 25% hydrofluorosilicic acid (10.4 Ib/gal) are required if the
average pumping rate is 400 gpm for 4 hours, the natural fluoride concentration is
0.4 mg/l, and the final desired concentration is 1.0 mg/I? (Given: 100 % of
solution of hydrofluorosilicic acid contains 79.1 % pure fluoride.)

Sodium fluoride is sometimes applied by means of a saturator. In this treatment,
excess sodium fluoride is added to the solution container, and is applied as a 4%
solution (maximum solubility). The amount of fluoride used can be determined by
measuring the number of gallons of the 4% solution used in a given period of
time. If a city pumps 480,000 gallons of water per day, and 26.4 gallons of 4%
sodium fluoride solution was used, what was the fluoride dose? Assume the
weight of the 4% solution is 8.4 pounds per gallon.
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5. How many gallons of 25% hydrofluorosilicic acid (10.4 Ibs/gal) will be required for
a period of 30 days if the average daily pumping rate is 700 gpm, the natural
fluoride concentration of 0.45 mg/l, and the fluoride concentration desired is 1.05
mg/I?

6. What is the resulting concentration of fluoride in the water distribution system if
the natural fluoride content is 0.15 ppm and 16.2 pounds of 25%
hydrofluorosilicic acid is added during the day when the pumpage of water is 350
gpm for 12 hours and 225 gpm for the remaining 12 hours?

7. A city is applying fluoride to their well water. The raw water contains 0.3 mg/I of
fluoride. The treated water should contain 0.9 mg/l of fluoride. The city wells
produce 1100 gpm for 8 hours, how many pounds of hydrofluorosilicic acid will
be used? The strength of the acid is 25 %. 100 % hydrofluorosilicic acid
contains 79.1 % fluoride.
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8. A water supply uses 79 pounds of hydrofluorosilicic acid per day. How many
pounds of fluoride ion are they adding? Assume hydrofluorosilicic acid
concentration is 25% and contains 79.1% F ion.

9. A water treatment plant produces 700 gpm of finished water and uses
hydrofluorosilicic acid to add fluoride to the water. The natural fluoride
concentration is 0.4 mg/l and 0.5 mg/l is added. Assume 1 pound of
hydrofluorosilicic acid contains 0.198 pounds of fluoride ion and weighs 10.8 Ibs
per gallons. What is the total fluoride concentration in the treated water? How
many gallons of acid are added in one day?

10. A water supply produces 6 MGD of finished water and reports using 475 pounds
of hydrofluorosilicic acid each day. Assume hydrofluorosilicic acid is 25% pure
and contains 79.1 % Fluoride ion. What is the calculated dose of F ion? Is the
dosage acceptable?

11.What is the testing method used for measuring fluoride?
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12.1n the past 10 hours, 3.2 M gallons of water have been treated at your filtration
plant. During this time 75 pounds of sodium fluoride have been added to the
water. Calculate the fluoride dose. Assume the sodium fluoride compound is
100% pure and has 45.2% fluoride ion.

13. A water treatment plant produces 1300 gpm of finished water and uses
hydrofluorosilicic acid to add fluoride to the water. The natural fluoride
concentration is 0.1 mg/l and 0.5 mg/l is added. Assume 1 pound of
hydrofluorosilicic acid contains 0.198 pounds of fluoride ion. What is the total
fluoride concentration in the treated water? How much acid was added in 24
hours?

14. A fluoride solution drum is 60 inches high and 30 inches in diameter. The
compound is hydrofluosilicic acid and weighs 10.4 pounds per gallon. Assume
fluorosilicic acid concentration is 25% and contains 79.1% F ion. Calculate the
volume in gallons in each inch of drawdown.
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Additional Fluoride Questions
1. How many gallons of 25% %’# 8% actual fluoride) hydrofluorosilicic acid will be
required to apply 1.0 ppm ot fluoride to 1 million gallons of water? Assume that 1

gallon of acid weighs 10.4 pounds. | Mgal x_jﬂ_bf_ 3 .34 M lps /7L20

|.0 ppm= \gsof‘: 434 lps ef £, \gal
N 434 M \\vs M—ZO 143 = j_éiz lbs of/fa‘d’

Dy = L/.(JS%//M{ o acid

2. How many gallons of 25% hydrofluorosilicic acid will be required to apply 1.0 ppm
of fluoride in 1 million gallons of water if the natural fluoride concentration is 0.3

7 1.0-0.3 = 6.7 g ¢ ddd | M gal b0, 321l g 344 I

[gal 1, O
P()r\l % 34 " HL:'H—ZO - 6.%4 lbﬁ__éf:f_% ”?q’qq /b5 5-/,461'6/
145 :ﬁ = 2 ?L’/7a/ o7 @cid

3 How many gallons of 25% hydrofluorosilicic acid (10.4 Ib/gal) are required if the
average pumping rate is 400 gpm for 4 hours, the natural fluoride concentration is
0.4 mg/l, and the final desired concentration is 1.0 mg/I? (Given: 100 % of
solution of hydrofluorosilicic acid contains 79.1 % pure fluoride.)

/,0/2/7"1'0,4,0/0/%: &.é p,Om ﬂ/d(/ 4/),-5 %‘MM‘ 2‘40'%}’\’ L/;”Za/
v i
0.6 pom = x lps ot - 43 wsoﬁfz_ .43 - 242 bsefy, 7690054//‘5_1/@5300‘(’40

- T oA 48 y
™ .90 M 1S L0 T.7ale.29) W4 - 2l of hed (/,QO_”/
0,30l A les

4. Sodium fluoride is sometimes applied by means of a saturator. In this treatment, HzO
excess sodium fluoride is added to the solution container, and is applied as a 4%
solution (maximum solubility). The amount of fluoride used can be determined by
measuring the number of gallons of the 4% solution used in a given period of
time. If a city pumps 480,000 gallons of water per day, and 26.4 gallons of 4%
sodium fluoride solution was used, what was the fluoride dose? Assume the
weight of the 4% solution is 8.4 pounds per gallon.

43,0009l 33 qu 003 M

lﬁa/ 1,000,800 = /l;;
= \\DS O‘C ( o /ofpzm 50J|uw\
pproe SAE2 07 7248 pp L6 Agal 34 lus e
4oo3 M s #t, 0 i J " L2217 lbs o (oo Jua2) =
3,92 lpsof
f2
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5. How many gallons of 25% hydrofluorosilicic acid (10.4 Ibs/gal) will be required for
a period of 30 days if the average daily pumping rate is 700 gpm, the natural
fluoride concentration of 0.45 mg/I, and the fluoride concentration desired is 1.05

mgll?,/’OSWm-r(D‘q Sppm= 0.6 pp™m
W’xﬂ&x /Hme'q’ 3,40k, 7120 16s

_ B40T7M
0 b pom clpsol e (B ol T gl iday e Sz
26224 Mot g™ y e
' . U429 lbs ol Aci 252.21 4
—_ . 73.‘-/434/0/4(/'6/ Ibs
104
6. What is the resulting concentration of fluoride in the water distribution system if BN

the natural fluoride content is 0.15 ppm and 16.2 pounds of 25%

(JQ§>ahydroﬂuorosilicic acid is added during the day when the pumpage of water is 350
gpm for 12 hours and 225 gpm for the remaining 12 hours?

'

Tla g
s, 720w
221 lhyolfe 22 LN T s
34,15 :10% 3053 M tbs H2d Jwin T ga

-
6.2 x,193- 3452 76 0
x.198=3,0) los of {, L 35

7. A city is applying fluoride to their well water. The raw water contains 0.3 mg/| of s
fluoride. The treated water should contain 0.9 mg/| of fluoride. The city wells
produce 1100 gpm for 8 hours, how many pounds of hydrofluorosilicic acid will
be used? The strength of the acid is 25 %. 100 % hydrofluorosilicic acid

contains 79.1 % fluoride. 5 g pou- 0. 0pm= 0.6 ppm agplicd .
m oz X \\oﬁbﬁEzf

0.6 pp 0 lolty  Hhes X GO = AR i
C [ - ”y ] =
> HAd m ek (2 TA) - ,,&0,(1—/30:523,0003&1 B3
‘1,"0315” lbe
. 4 /7 - 4,4011
—72 ° 13.3% b5 Ofcdl | 0000 s
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8. A water supply uses 79 pounds of hydrofluorosilicic acid per day. How many

pounds of fluoride ion are they adding? Assume hydrofluorosilicic acid
concentration is 25% and contains 79.1% F ion.

My .25%. 740 = 5§62 lbs of

9. A water treatment plant produces 700 gpm of finished water and uses
hydrofluorosilicic acid to add fluoride to the water. The natural fluoride
concentration is 0.4 mg/l and 0.5 mg/l is added. Assume 1 pound of
hydrofluorosilicic acid contains 0.198 pounds of fluoride ion and weighs 10.8 Ibs

per gallons. What is the total fluoride concentration in the treated water? How
many gallons of acid are added in one day?

OHppm + 075 fpm= 0.4 gpra 1stal 10044, 5'2-—-/"9 [440uy 3 ”ﬂﬂés 3,407 4
Jrarn gl l/dg 7,7337000 1bs
0. §ppm x lbs o.ﬁF . M 21,21 b m['/,uré/
M1b = 4
gu07 SH0 4% —?—ﬁ“ = [,96 Jﬂ/ oF /ak/

10. A water supply produces 6 MGD of finished water and reports using 475 pounds
of hydrofluorosilicic acid each day. Assume hydrofluorosilicic acid is 25% pure
and contains 79.1 % Fluoride ion. What is the calculated dose of F ion? Is the

dosage acceptable? 475 x .25x.74( = 43,93 lbs 0[/04405
43 lbs of £ ol x %.34= 6004 M lbs

40 04 /’( WS#; | | 7
/\/0/ f(wmmmdfd F/uaﬂ/c s O /gpm

11.What is the testing method used for measuring fluoride?

SPADNS
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12.In the past 10 hours, 3.2 M gallons of water have been treated at your filtration
plant. During this time 75 pounds of sodium fluoride have been added to the
water. Calculate the fluoride dose. Assume the sodium fluoride compound is

100% pure and has 45.2% fluoride ion. 3 2 a,[ ¥ 3.34=26. 633U lbs T
1§ o 4527 359 7 lbs of

39
st s k2

13. A water treatment plant produces 1300 gpm of finished water and uses
hydrofluorosilicic acid to add fluoride to the water. The natural fluoride
concentration is 0.1 mg/l and 0.5 mg/l is added. Assume 1 pound of
hydrofluorosilicic acid contains 0.198 pounds of fluoride ion. What is the total
fluoride concentration in the treated water? How much acid was added in 24

hours?
13004, Hadwn 231 45,61/2, 4255 12 u
D+0.5 0l ppm Hofel i “Hay “lgal ° —md o
e

.S pom= lbsof 2 9500 l\osoﬁ& 34,42 los o 4ed
N LA

14. A fluoride solution drum is 60 inches high and 30 inches in diameter. The
compound is hydrofluosilicic acid and weighs 10.4 pounds per gallon. Assume
fluorosilicic acid concentration is 25% and contains 79.1% F ion. Calculate the

volume in gallons in each inch of drawdown.
’ 0% X 7%-’2'%3“/

)1/2- = '0%)*& \I = ,7 %S,(Z.é XZ.{X ’

a
.19
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	Example: What is 25% of 90?
	Example: What is 32% of 612?
	(1) Write the decimal equivalent of the following percentages.
	(2) Express the following decimals in percentages.
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