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Firefighter Math Preface

1

Introduction and Scope
This self-paced math course is designed to prepare professional wildland firefighters for
math-based training courses required for advancement to positions of greater
responsibility. Consequently, the Forest Service will be able to more fully utilize the skills of
more employees. Course content was developed from S244, S290, S390, and other
training courses that require math.

A Mentor’s Guide (see appendix A) outlines how a mentor can address students’ questions
and provide motivation for working to effectively complete the course. The guide also
provides a problem-solving strategy for the student.

Chapters 1, 2, and 3 are a review for some students. Other students will begin this self-
paced math course in chapter 4. Each math concept is developed by a text description with
a graphic illustration and a sample problem with a detailed solution. In addition, exercise
problems support each math concept. Appendix B, Developmental Units is a review of
basic math skills. Appendix C supplies answers to these excercises. Appendix D is a final
exam.

Steps to Success
Before starting this self-paced math course, select a mentor to serve as a resource and
motivator. Provide your mentor with the information in appendix A. As a student, you also
have a responsibility to ensure your success. Read the description for each math concept,
follow the sample problems, study the illustrations, and work the exercise problems. If you
have difficulty grasping a math concept, reread the description and review the sample
problem thoroughly. If it still isn’t clear, talk with your mentor. Typically, mentors can cite real
life examples and descriptions. Follow these steps to success, to be well prepared for the
final exam and for subsequent math-based training courses.

Some basic equipment is required to complete this math course. You will need a protractor,
ruler, pencils, an engineer’s ruler divided into tenths of an inch, a basic scientific calculator
equipped with buttons labeled Tangent or Tan,    x , x2 , and a transparency of a Modified
Acreage Grid (see chapter 5).

12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567
12345678901234567

√





3

Back To The Basics Chapter 1

64 ft

   84 ft

 97 ft

 86 ft54 ft

92 ft

 L2

   L4

L5

  L3

L1

Example 2—The Division Supervisor (DIVS) is given the
shape of the spot fire as illustrated below.  What is the
perimeter of this spot fire as measured in chains (66-foot
units)? (A chain is the basic unit for measuring distances
in fire-control work.)

Perimeter =  Adding the lengths of all the sides.
P = (3.7 + 2.7 + 1.9 + 5.1 + 2.6 + 3.2 + 3.9 + 2.0 + 8.3) chains
P = 33.4 chains

The perimeter of the spot fire is 33.4 chains.

Note: When adding or subtracting the same units, such as
chains, the numbers can be grouped together with
parentheses, as above.

  1.2  Fractions   Bits and Pieces —Fractions are used
often, such as when adding leftover pails of foam or when
mixing gas and oil for chain saw fuel. Fractions allow the
use of parts of a number or combinations of parts and
whole numbers, such as 1/2, 1-2/3, or 12/16.  The
remainder found in long division can be changed to a
fraction.  Like whole numbers, fractions can be added,
subtracted, divided, and multiplied.  The common
acceptable form for writing fractions in fire service adds a
dash  “-”  between a whole number and a fraction, such
as  1-1/2.

See appendix B for treatment of decimals.

A fraction consists of a numerator (top number) and a
denominator (bottom number).

  Numerator =          Number of Parts
Denominator Number of Parts in a Whole

3.7 chains

 5.1 chains

  2.6 chains

  3.2 chains

  8.3 chains

2.7 chains

1.9 chains

3.9 chains
2.0 chains

The material in chapter 1 describes how to
determine perimeter, fractions, ratios,
percentages, and area of burn.

[Note: To review basic math skills, see appendix B.]

 1.1 Perimeter of Burn   The perimeter is the distance
around the fire or along the handline. Perimeter is
determined by adding the lengths of the various lines that
enclose the black area of a fire. The perimeter of a fire is
often approximated by assembling a combination of
known shapes and lines, since fires often burn in unusual
shapes, such as fingers.

P = Perimeter = sum of the lengths of the sides
L = Length of a side

P = L1 + L2 + L3 + L4 + L5

  The perimeter of this burn is L1 + L2 + L3 + L4 + L5.

Example 1—The first fire of the season burns in
approximately the following shape.  What is the perimeter
of the burn?

Add all the lengths of the sides.
P = 64 ft + 92 ft + 86 ft + 54 ft + 97 ft + 84 ft = 477 ft

  The perimeter of the burn is 477 feet.
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Example 3—What fraction is shaded?  What fraction is
not shaded?

1  2

1  2 3 4 5

The box is divided into five parts. Two of those five parts
are shaded. The shaded fraction represents 2/5.

So, 2/5 of the figure is shaded.

Three of the five parts are not shaded. The unshaded
fraction represents 3/5.

So, 3/5 of the figure is not shaded.

Fractions can also describe whole numbers or a whole
number with a remainder (fraction). For example, a whole
number can be written as:  4/2 = 2    8/4 = 2    32/16 = 2.

The whole number 1 can be written as:

1/1 = 1 3/3 = 1 6/6 = 1 7/7 = 1

Fractions larger than 1 have a larger number on top.

4/3 8/5 6/4 3/2

  1.3 Simplifying Fractions   Simplifying a fraction is
writing a number in its most basic form. Sometimes
fractions involve very large numbers in both the
numerator (top number) and in the denominator (bottom
number). As a general rule, it is easier to work with
simpler fractions.  So, always simplify.

Always Simplify. There are three basic rules, A, B, and C,
for simplifying fractions.

Rule A  Any number written over 1 is that number. 6/1 = 6.

Example 4—Simplify:      7/1

7/1    =   7

Rule B  A fraction can be simplified if the top and bottom
numbers can both be divided by the same number,
without leaving a remainder. 6/3  = (6 ÷ 3)  =  2  =  2

                              (3 ÷ 3)      1

Example 5—Simplify 14/16.

Step 1. Begin by checking whether both the top and
bottom numbers can be divided by 2, 3, 5, 7, 9, 11, 13, or
17.  In firefighter math, checking 2, 3, and 5 is usually all
that is required.

14 ÷ 2   =  7          Both the top and bottom numbers can
16 ÷ 2       8          be divided by 2.

Step 2.  Repeat step 1 until no further division is possible.
This will give the simplest form of the fraction.

This is the simplest form of the fraction, since there is
no number by which both the top and bottom can be
divided without leaving a remainder.

Therefore, 14/16 simplified is 7/8.

Example 6—Simplify 7/16.

Step 1.  Divide the top and bottom number by the same
number. There isn’t a number that goes into both top and
bottom numbers.

Therefore, 7/16 simplified is 7/16.

Example 7—Simplify  21/16

Rule C  If the top number is larger than the bottom
number, and neither number can be divided by the same
number, divide the top number by the bottom number.

7
8
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Divide the top number by the bottom number.
21 ÷ 16

          1           Long division provides the whole number—1.
16 )  21
       -16
          5 The remainder makes up part of the fraction.

To make the fraction, put the remainder over
the denominator—5/16.

Therefore, 21/16  simplified is the whole number plus
the remainder—1-5/16.

Example 8—Simplify   8/1.

Remember that “any number over 1 equals that number,”
so 8/1 = 8.

Therefore, 8/1  =  8.

Example 9—Simplify  18/24.

Step 1.  Check to see whether the top and bottom
numbers can be divided by 2.

18 ÷ 2   =   9      Yes, both 18 and 24 can be divided by 2.
24 ÷ 2       12

Step 2.  Repeat Step 1.  The top can’t be divided by 2.
Check to see whether both numbers can be divided by 3.

 9  ÷ 3    =   3 Yes, both the top and bottom numbers
12 ÷ 3         4 can be divided by 3. No further division

is possible.

18/24 simplified is 3/4

Example 10—Simplify   5/2.

Step 1.  Check to see whether division of both the top and
bottom by 2, 3, or 5 is possible.  The answer is No.

The top number is larger than the bottom number.

Step 2.  Divide the top number by the bottom number.

2
2 ) 5 The answer to this division problem is 2 remainder

- 4 (R) 1. The whole number is 2, and the remainder is 1.
1

Step 3. The remainder 1 goes over the original
denominator 2, turning the remainder into a fraction.
R  =  1 remainder
         2 original denominator

Add the whole number 2, with remainder 1/2 to get  2-1/2.

5/2  =   2-1/2   =   2.5

See appendix B for treatment of decimals.

The solution can be shown graphically.

The shaded area is 2-1/2  =  5/2.  The unshaded area is
1/2  = 1/2.

  1.4 Multiplying Fractions   Multiply Straight Across—A
whole number and a fraction, or two or more fractions,
can be multiplied together.  Whole numbers and fractions
must be changed to all fractions, with no whole numbers,
in order to multiply.

Step 1.  Multiply the tops (numerators) by each other.

Step 2.  Multiply the bottoms (denominators) by each
other.

Example 11—Multiply  3 x 1/4.

3  x   1   =   3  x  1   =    3  x  1   =   3
4 1 4 1  x  4 4

Step 1.  Multiply straight across the top.  3  x  1 =  3

Step 2.  Multiply straight across the bottom.  1  x  4  =  4
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Step 3.  Can 3/4 be simplified?  No.

3 x 1/4  = 3/4

Example 12—Multiply. 5  x  8
                                         7      4

Step 1. Multiply straight across the top.  5  x  8  =  40

Step 2. Multiply straight across the bottom.  7  x  4  =  28

5 x 8 = 5   x   8 = 40
7 4 7   x   4 28

Step 3.  Simplify the fraction.  40/28

40 ÷ 2  =  20  =  20 ÷ 2  =  10 The top number is larger
28 ÷ 2      14      14 ÷ 2       7 than the bottom number, so

divide.

10 ÷ 7  =  1 R 3  =  1-3/7

5/7  x  8/4  =  1-3/7

  1.5 Dividing Fractions    Flip the second fraction and
then multiply across.    Division of fractions involves
using the reciprocal (flipped form) of the second fraction.
The reciprocal of a number is such that the product of a
number and its reciprocal is 1.  To get the reciprocal,
simply interchange (flip) the numerator and the
denominator.  1/3 becomes 3/1, 4/5 becomes 5/4, and so
on.  After the second fraction has been flipped, the
division problem turns into a multiplication problem, and
the numerators and denominators are multiplied straight
across.
Example 13—Divide. 1 ÷ 2

2 3

Step 1.  Flip the second fraction.  2/3 becomes 3/2.
1 ÷ 2 = 1 x 3
2 3 2 2

Step 2.  Multiply. 1 x 3 = 1  x  3 =  3
2 2 2  x  2 4

Step 3.  Can 3/4 be simplified?  No.

1/2  ÷  2/3  =  3/4

Example 14—Divide. 2 ÷ 3
5 4

Step 1.  Flip the second fraction.  Then 3/4 becomes 4/3.
2 ÷ 3 = 2 x 4
5 4 5 3

Step 2.  Multiply across both top and bottom.
2 x 4 = 2  x  4   =    8
5 3 5  x  3 15

Step 3.  Can 8/15 be simplified?  No.

2/5  ÷  3/4   =   8/15

 1.6 Adding Fractions   Fractions must have a common
denominator (the bottom numbers must be the same)
before being added and simplified.

Example 15—Add and simplify.  1/4  + 1/4

Step 1.  Are the denominators the same? Yes.

Step 2.  Add the numerators (top numbers), and put them
over the common denominator.
1 + 1 = 1 + 1 = 2
4 4 4 4

Step 3.  Can 2/4 be simplified? Yes, both numbers are
divisible by 2.
2  ÷  2   =   1
4  ÷  2        2

1/4  +  1/4  =  1/2

Example 16—Add and simplify.  1/2  + 1/4

Step 1.  Are the denominators the same?  No.
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Step 2.  Is one of the denominators a multiple of the
other?  Yes.

Step 3.  Find a common denominator.
1 + 1 2 is a multiple of 4, so change 1 to ?
2 4 2 4

2  x   2  =  4   so multiply both the top and bottom by 2.
1   x   2 = 2 So, 1 = 2
2   x   2 4 2 4

Step 4.   Substitute 2/4 for 1/2 and add, 1 + 2 = 3
4 4 4

Step 5.  Can 3/4 be simplified? No.

1/4  +  1/2  =  3/4

Example 17—Add and simplify. 1 + 1
4 3

Step 1. Are the denominators the same? No.

Step 2. Is one of the denominators a multiple of the other?
No. Multiply the denominators to find a common
denominator.
4  x  3  =  12    The new denominator is 12.

Step 3.  Expand (opposite of simplify) both fractions to
have a denominator of 12.

1  x  3 =  3 1  x  4 = 4
4  x  3 12 3  x  4 12

Step 4.  Add and simplify.
 3 + 4 = 7 Can  7/12 be simplified?  No.
12 12 12

1 + 1 = 7
4 3 12

Adding Multiple Fractions
The same process applies when adding multiple fractions.
Add all fractions with like denominators. Then add
fractions with denominators that are multiples of the other
denominators.  Then find common denominators for the
remaining fractions. Add and simplify.

Example 18—Add and simplify.
2 + 3 + 5 + 1 + 1 + 2 + 1
3 4 8 5 8 4 3

Add all fractions with like denominators and simplify.
2 + 1 = 3 = 1 3 + 2 = 5 5 + 1 = 6 = 3
3  3 3 4 4 4 8 8 8 4

1 + 1 + 5 + 3 = 1 + 1 + 5 + 3 = 1 + 1 + 8 =
5 4 4 5 4 5 4

1 + 1 + 2 = 1 + 3  =   3-1/5
5 5

Can 3-1/5 be simplified further?  No.

2 + 3 + 5 + 1 + 1 + 2 + 1 = 3-1/5
3 4 8 5 8 4 3

  1.7 Subtracting Fractions   Fractions must have a
common denominator (the bottom numbers must be the
same) before being subtracted.

Example 19—Subtract and simplify.  2-1/2 – 2/3

First, both the numbers must be put in fraction form.
Earlier in this chapter, it was shown that 2-1/2 = 5/2. See
example 10.  5/2 – 2/3

Step 1.   Subtract fractions with like denominators. There
are none.

Step 2.   Subtract fractions with denominators that are
multiples of the other denominators. There are none.

Step 3.  Find a common denominator by multiplying the
denominators by each other.   3 x 2 = 6  The common
denominator is 6.
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Step 4.   Expand (opposite of simplify) both fractions to
have a denominator of 6.
5  x  3 = 15 2  x  2 = 4
2  x  3 6 3  x  2 6

Step 5.  Subtract.
15  – 4 = 11
 6 6 6

Step 6.  Simplify.   Can 11/6 be simplified?  Yes.

Since the top number is larger than the bottom number,
the fraction can be simplified to a whole number with a
fraction remainder.

11 – 6 = 5 It is simplified to 1-5/6.
 6 6 6 Can this be simplified further?  No.

5 – 2 =  1-5/6
2 3

  1.8 Ratios    A ratio is a proportional relationship of one
value to another, e.g., the ratio of gas to oil in chain saw
mix. Ratios can be written either as a fraction, 1/2, or in
ratio notation, 1:2. The value of a ratio is the division of
the first number by the second number.

1:40 = 1 This ratio is read as “1 to forty.”
40

For example, the fraction 1/30 may be written as the ratio
1:30.

Example 20—The Mara Bella District has 6 engines. The
Baldy District has 5 engines. What is the ratio of engines
on the Mara Bella versus the Baldy District?

The ratio of engines on the Mara Bella versus
Baldy District is 6:5 or 6/5.

Percentage—A percentage is another way of describing
a ratio with respect to 100.  Percent (%), means how
many out of a hundred (per hundred).

Example 21a—Write four notations for 56.8%.

56.8%  =  56.8 out of 100
56.8%  =  56.8/100
56.8%  =  56.8:100

56.8%  =  0.568

Performing the calculation above results in moving the
decimal two places to the left because there are two zeros
in 100.

56.8%  =  56.8/100  =  0.568

Divisions or Multiples of 10—Dividing by a factor of 10,
100, 1,000, etc., moves the decimal place to the left by
the number of zeros in the factor. For example, when
dividing by 100, count two zeros and move the decimal
two places to the left—3/100 = .03. Multiplying by
multiples of 10, 100, 1,000, etc., moves the decimal place
to the right by the number of zeros in the multiple.

Divide by a factor of 10.
3 = .3 3 = .03 3 = .003
10 100 1000

Division, move decimal places to the left.

Multiply by a factor of 10.
3 x 10 = 30 .03 x 10 = .3
3 x 100 = 300 .03 x 100 = 3
3 x 1000 = 3000 .03 x 1000 = 30

Multiplication, move decimal places to the right.

Example 21b—Write the following as a decimal. 35.4%

Remember, percent means how much out of 100.
35.4%  ÷  100%  = ?
There are two zeros in 100, so move the decimal point
two places to the left.

35.4%  =  35.4 /100  =  0.354
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Just the opposite happens when multiplying by 100
percent.

Example 21c—Change 0.75 to a percentage and
multiply by 100 percent.

There are two zeros in 100.  Move the decimal point two
places to the right.

0.75  x  100%  =  75%

Example 22—Write as a percentage. 0.509
0.509 x 100% =  ?

There are two zeros in 100, so move the decimal point
two places to the  right.
0.509  x 100% = 50.9%

0.509  =  50.9%

When solving a more complex percentage problem, write
the problem down in words and numbers.

Example 23—The chain saw gas/oil mix is 30 parts gas
to 1 part oil.  Chain saw oil comes in 2-pint cans.  How
much gas is added to 2 pints of oil for a 1:30 oil:gas
mixture?

The ratio of 1:30 means that for every 1 part of oil, there
must be 30 parts of gas. There are 2 pints of oil.

The amount of gas needed will be 30 times 2.
30 x 2 = 60 pints

Sixty pints of gas are needed for a 1:30 oil:gas mixture
that contains 2 pints of oil.

Example 24—Sabrina has a 2-1/2-gallon container.  She
is going to fill it with a 40:1 gas to oil mixture.  How much
of each does she need to put into the container?

Step 1.  The total of the gas and the oil mixture is 40 + 1 =
41 parts.

Step 2.  Divide the 2-1/2-gallon container into 41 parts,
using a calculator.
2-1/2 gallons  = 2.5   =  0.06 gallons
         41  41

Step 3.  The gas has 40 of these parts.
0.06 gallons   x   40  =  2.44 gallons

Step 4.  The oil has 1 part.
0.06 gallons  x  1  =  0.06 gallons

She needs 2.44 gallons of gas and 0.06 gallons of oil.

Notice that the total amount of gas and oil adds up to 2.5
gallons.  2.44 + 0.06 = 2.5 = 2-1/2

See chapter 2,  for converting 0.06 gallons of oil to a more
useful term, such as cups or pints.

Example 25—When the crew leaves for a fire, they have
a full tank of foam agent.  This tank holds a total of 5
gallons.  When they return to the station, they find only 1
gallon.  What percentage of the foam was used?  What
percentage is left?

(Hint:  the percentage used + the percentage left should
equal 100 percent)

Step 1.  Find how much foam was used.
5 gallons total – 1 gallon of foam left  =  4 gallons of foam
used

Step 2.  Find the percentage of foam used. Since 4 of the
total 5 gallons were used, the fraction becomes 4/5.

Step 3.  Perform the division to obtain a decimal.
0.8

5.0 � 4.0 0
- 4.0 0

0

To convert the decimal to a percentage, multiply by 100
percent.
0.8  x 100%  =  80.0%

The crew used 80.0% of the foam.
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The equation to find the area of a square is Area =  s  x  s.

A = 3 chains  x  3 chains  =  9 square chains
or  9 chains squared  or  9 ch2

Count the units to see that there are 9 square units
in the square.

The area of the square is 9 square chains.

Note that chains x chains = chains squared, or square
chains, or ch2.

Example 27—Find the area of the rectangle below.

To find the area, use Area =  length  x  width.

A = 5 ch  x 12 ch  =  60 square chains

The area of the above rectangle is 60 square chains.

Example 28—Find the area of the triangle below. To find
the area, use Area = 1/2 x base x height.

The base in this case is b = 11 ft. The height is h = 8 ft.

Area = 1/2  x  b  x  h

Area = 1 x 11 ft x 8 ft
2 1 1

Multiplying across the top and bottom gives: Area = 88 ft2

2

Simplify. The top and bottom can be divided by 2.

w

w

ll

s

ss

s

base

ss

height

s

s

s

s  =  3 chains

5 chains

12 chains

8 ft

11 ft

Step 4.  To find the percentage left in the tank, subtract
the percentage used from 100 percent.
100%  –  80%  =  20%
Or, divide the number of gallons of foam left by the total
number of gallons of foam.  1/5  =  0.2
Multiply by 100 percent.   0.2  x  100%  =  20%

The crew had 20% of the foam left.

 1.9 Area of Burn   Another common use of math is the
use of multiplication to determine areas.  Area is the
amount of surface covered within a given perimeter. “A” is
the symbol used for area.  Area is useful in determining
burnout acreage.  Area is always in square units: square
feet (ft2), square yards (yd2), etc.

When a number is “squared,” it has an exponent of 2. The
number being squared is called the base number. The
exponent represents the number of times the base
number is multiplied by itself. For further explanation of
exponents, see appendix B.8.

A square, rectangle, and triangle are shown in the
following figures, with their formulas for area and
perimeter.

Area of Area of Area of
a Square a Rectangle a Triangle

A = s x s A = l x w A = 1/2 base x height
P = 4s P = 2l + 2w P = s + s + base

Example 26—Find the area of the square below.
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Area  = 88 ft2/2 = 44 ft2 = 44 ft2

2/2 1

The area of the triangle is 44 ft2.

Circles—Most calculations involving circles, use π
(spelled pi, pronounced pie).  π = 3.14  Always use π
when determining circumference, area, and volume of a
circle.

The diameter (d) of a circle is a line passing through the
center of a circle with endpoints on the circle.  A diameter
measures the distance across a circle passing through
the center.  The radius (r) is a line segment from the
center of a circle to a point on the circle.  A radius
measures the distance from the center of a circle to the
circle itself.  Consequently, the radius is half of the
diameter.

radius  =  1/2  x  diameter, abbreviated   r = 1/2 d
(2)r = 1/2 d(2)  multiply both sides by 2 to get
2 radius = diameter, abbreviated 2r = d

The circumference (C) of a circle is the distance around it.
In other words, it is the perimeter of the circle.  The
circumference of a circle is found by multiplying the
diameter of the circle by π.  π = 3.14

Circumference =  π  x  diameter
C = d  x  π  =  πd
Or, using the radius instead of the diameter,
C = 2r  x  π  =  2πr

Finally, the area of a circle is given by: A =  π  x  r  x  r
A =  π  x  r2

Or, using the diameter: A = π  x  d/2  x  d/2
A = π  x  (d/2)2

A = π d2/4

dia
m

et
er

radius

Example 29—Find the area and circumference of the
circle.

Use the formula:   A = π  x  r   x   r
The radius is given as 3.0 feet.

A = 3.14  x  3.0 ft  x  3.0 ft  =  28.26 ft2

The area of the circle is 28.3 ft2.

Calculating the circumference with the known radius, C = 2πr
C = 2  x  3.14  x  3.0 ft  = 18.8 ft

The circumference of the circle is 18.8 feet.

Example 30—There was a spot fire early in the fire
season in the general shape of a circle.  What was the
circumference of the fire?  What was the area of the spot
fire?

The circumference is found from  C = πd.

The diameter is given as d  = 122.0 ft.
C = 122.0 ft  x  π
C = 122.0 ft  x  3.14  =  383.1 ft

The circumference of the spot fire is 383 feet.

r =
 3.0 ft

d = 122.0 ft
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The area of a circle equals π r2. Area of circle =  π  x  r  x  r
From this equation, the radius is required.  The radius is
1/2 the diameter, which is given as 122.0 ft.

r = d/2
r = 122.0 ft / 2
r = 61.0 ft

The area of the burn is   A = π  x  r  x  r

A = π   x   61.0 ft   x   61.0 ft
A = 3.14   x   61.0 ft   x   61.0 ft  =  11,683.9 ft2

The area of the spot fire is 11,684 ft2.

In chapter 2, area will be converted to acres.
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Problems 3, 4, & 5.
What fraction is shaded?
What fraction is not shaded?
What is the total amount of shaded and unshaded area?

Problem 3.

Problem 4.

Problem 5.

Simplify.

Problem 6. 4/4

Problem 7. 22/1

Problem 8. 3/11

Problem 9. 6/10

EXERCISES

P = Perimeter L = Length P = L + L + L

Problem 1. A hotshot crew constructs a handline to
contain a fire.  See the diagram of the handline below.
How many chains of handline did the crew put in?

Problem 2. Find the perimeter of the fire below.

4.3 ch
 3.1 ch

7.8 ch

2.3 ch
3.9 ch

2.8 ch

8.4 ch

3.2 ch

4.2 chains (ch)

3.4 ch  3.1 ch

2.9 ch 12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
12345678901234567890123456789012123456
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Simplify.

Problem 10. 84/90

Problem 11. 18/24

Problem 12. 8/36

Problem 13. 15/9

Problem 14. 4/3

Problem 15. 6/4

Multiply and simplify.

Problem 16. 5  x  2
3

Problem 17. 9  x  2
5

Problem 18. 4   x   3
7 9

Problem 19.  8  x 11
13 19

Problem 20. 3   x   4
5 7

Find the reciprocal.

Problem 21. 5
9

Problem 22. 5
32

Problem 23. 5

Problem 24. 1
2

Divide and simplify.

Problem 25. 5   ÷ 9
7 12

Problem 26.  8  ÷ 11
13 50

Problem 27. 4   ÷ 2
5 3

Problem 28. 5   ÷  2
8

Problem 29. 3   ÷ 1
4 5
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Add and simplify.

Problem 30. 1 + 7
6 18

Problem 31. 2   + 5
9 6

Problem 32. 7 + 2 + 1
10 21 7

Problem 33. 2 + 11 + 7
5 10 15

Problem 34. 1 + 2
2

Subtract and simplify.

Problem 35.  9  –  4
10 100

Problem 36. 4 – 2
5 3

Problem 37.  5 – 5
12 16

Problem 38. 3-1/3  – 5
6

Problem 39. Raul’s crew is composed of 13 men and 5
women. What is the ratio of men to women? What is the
ratio of women to men? Convert this to a percentage.
What is the ratio of men to the total crew? What is the
ratio of women to the total crew?

Convert to a percentage.

Problem 40. 5/50

Problem 41. 0.194

Problem 42. 1 to 3

Problem 43. 4 : 5

Problem 44. 3 to 4

Convert to a decimal.

Problem 45. 21.7%

Problem 46. 61.0%

Problem 47. 50/100

Problem 48. 43/1000

Problem 49.  Rick worked in unit supply at fire camp.
There were a total of 56 tools.  Ten were shovels, 33 were
pulaskis, and 13 were mcLeods.  What percentage were
shovels?
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A = area
s = side
l = length
w = width
b = base
h = height
P = perimeter

Find the area and perimeter of each figure.

Problem 50.

Problem 51.

Problem 52.

Problem 53.

d = diameter
r = radius
diameter = 2 radius
1/2 diameter = radius
C = circumference
π = 3.14

Problem 54. Find the area and circumference of the
circle.

r = 5.3 cm

Problem 55. A spot fire burns in the shape of a circle.
The diameter of the circle is 268 feet.  What is the
perimeter (circumference) and the area of the fire?

Problem 56. Pizza Galore has two  7-inch pizzas for
$9.99 or one  14-inch pizza for $9.99.  Which is a better
deal (has more surface area)?

6 ft

6 ft

 h = 8 ft

9 ft9ft

  7 ft

 18 ch

36 ch

5 ch

8 ch

dia
m

et
er

radius
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CHAPTER PROBLEM

The main wind-driven fire burned up the mountainside for
a distance of 140 chains, by a width of 80 chains. The
burn was the approximate shape of a rectangle with some
fingers. One of the fingers burnt in the shape of a triangle
with a height of 64 chains and two sides of 95 chains
each. The second finger could be broken into a semicircle
with a radius of 40 chains and a rectangle with a width of
36 chains. Two of the larger spot fires had a diameter of
95 chains and 64 chains each. The spot fires were in the
approximate shape of circles.

What is the perimeter of the main fire?
What is the total area of the three fires?

On the main fire, 50 chains of the perimeter of line were
constructed by hand crews, and the rest were constructed
by dozers.

How many chains of dozer line were constructed?
What percentage of line was constructed by dozers, and
what percentage was constructed by hand crews?

Use the blank problem-solving worksheet found on page
261. For the solution, see page 163.

 6
4 

ch

 d = 64 ch

80
 c

h  40 ch

140 ch 36 ch

d = 95 ch

95 ch 95 ch
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Chapter 2 describes converting units of measure,
using conversion factors, and a unit cancellation
table. Conversion tables of typical units in fire
service are included as reference material.

 2.1  Unit Conversion and Conversion Factors    A unit
conversion is an equal exchange of value involving
different units. Often measurements are given in one set
of units, such as feet; but are needed in different units,
such as chains. A conversion factor enables feet to be
changed to chains as an equal exchange. Problem solving
in units that are familiar to fire staff is crucial to sound
planning. Making a mistake with units can be very costly.

A Conversion Factor is a number used to change one
set of units to another, by multiplying or dividing. When a
conversion is necessary, the appropriate conversion
factor/equal value must be used. For example, to convert
inches to feet, the appropriate conversion value is 12
inches equal 1 foot. To convert minutes to hours,  the
appropriate conversion value is 60 minutes equal 1 hour.

Setting up a Unit Cancellation Table helps keep units
straight, even for the most seasoned professional
firefighter. This is particularly important when more than
one unit conversion is necessary to obtain the desired
unit. A cancellation table is developed by using known
units, conversion factors, and the fact that anything ÷
anything  = 1. Line up the units so all the units cancel,
except for the unit desired. To cancel a unit, the same unit
must be in the numerator and in the denominator. This will
become 1. Multiply straight across. Divide the top number
by the bottom number. This will give the answer desired in
the desired units.

Answers should be presented with the appropriate
number of significant digits. For significant digits and
rounding up, see appendix B.7, Using Decimals.

Example 1—Gretchen has $5 and wants to play arcade
games.  She exchanges her $5 for quarters.  How many
quarters did she receive?

Note: For this to be an equal exchange/conversion,
Gretchen must end up with the same amount of money
with which she started.

 Step 1.  The appropriate conversion factor is:
4 quarters = 1 dollar.

Step 2.  Set up the unit cancellation table so all units
except the desired unit will cancel when converting 5
dollars to quarters. Dollars is given, so that will go in the
numerator.  The conversion needs to be set up so the
dollars will cancel.  To cancel, dollars must be in the
denominator.

  5 dollars    4  quarters    =  20 quarters
1 dollar

Notice that the dollar units on the top and bottom cancel,
leaving quarters as the only unit.

Gretchen will receive 20 quarters for 5 dollars.

Example 2—Monique has 10 dimes. If she traded them in
for quarters, how many quarters would she get?

Step 1.  The appropriate conversion factors are:
4 quarters  = 1 dollar,  10 dimes  = 1 dollar

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, quarters.

  10 dimes     1 dollar       4 quarters     = 4 quarters
10 dimes 1 dollar

Notice that the dime units on the top and bottom cancel as
well as the dollars, leaving quarters as the only unit.

Monique will get 4 quarters for 10 dimes.

Example 3—Ralph wants to know how many seconds are
in 3 hours and 36 minutes.

Step 1.  Change 3 hours and 36 minutes to the same
units.  This can be in terms of hours or minutes. Using
minutes is easier because the time value will need to be in
minutes.
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The appropriate conversion factor is: 1 hour = 60 minutes.

   3 hr     60 min     =    3  x  60    =    180 minutes
1 hr

3 hours and 36 minutes  =  180 minutes plus 36 minutes  =
216 minutes

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, seconds.

The appropriate conversion factor is:
1 minute  =  60 seconds.

  216 min       60 sec     =   216  x  60   =   12,960 seconds
1 min

There are 12,960 seconds in 3 hours 36 minutes.

Notice that the hour units on the top and bottom cancel as
well as the minutes, leaving seconds as the only unit.

Example 4—How many pints are in a 5-gallon pail?  How
many cups are in a 5-gallon pail?

Step 1.   Find the appropriate conversion factors in
conversion table 2.1 at the end of this chapter.
1 gallon = 4 quarts,  1 quart = 2 pints,  1 pint = 2 cups

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, pints.

  5 gallons    4 quarts    2 pints     = 40 pints
1 gallon 1 quart

There are 40 pints in 5 gallons.

 40 pints    2 cups    =  80 cups
1 pint

There are 80 cups in 5 gallons.

Example 5—Javier constructed 2,678 feet of dozer line.
How many chains of dozer line did he construct?

Step 1.  Find the appropriate conversion factor in table 2.1.
1 chain  = 66 feet

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, chains.

  2,678 feet    1 chain     = 40.6 chains, which
66 feet is 41 chains, rounded-up

Javier constructed 41 chains of dozer line.

Notice that table 2.2 has two conversions for each set of
units.  When setting up the table, it is not important which
conversion factor is used. What is important is that the
appropriate units cancel.

Example 6—Repeat example 5 using the other
conversion factor presented in table 2.2.

Step 1.  The appropriate conversion factor is 0.0152
chains per foot.

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, chains.

  2,678 feet   0.0152 chains    =  40.7 chains  = 41 chains
1 foot

Example 7—Ludka’s crew has been out on the Marre Fire
for 2 weeks and 2 days.  How many hours have they been
there?

Step 1.  Find the appropriate conversion factors.
1 week = 7 days,  1 day = 24 hours

First, 2 weeks and 2 days will have to be changed to the
same units. It doesn’t matter whether days or weeks are
used so long as the same units are used.
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Step 2.  Set up the cancellation table to convert 2 weeks
to days.

  2 week    7 days      =  14 days
1 week

Since they were out 2 weeks and 2 days, add the 2 days.
14 days  +  2 days  = 16 days

Continuing,
 16 days    24 hours      =   384 hours

1 day

Ludka’s crew has been out on the fire for 384 hours.

Example 8a—Nina fills a backpack pump bag with 5
gallons of water.  How much weight in water has she
added to her pack?

Step 1.  Find the appropriate conversion factor in table 2.1.
1 gallon  =  8.3 pounds

Step 2.  Set up the cancellation table so all units will
cancel except the desired unit, pounds.

  5 gallons    8.3 pounds    =  41.5 pounds  =  42 pounds
1 gallon

Nina has added 42 pounds to her pack.

Example 8b—Nina wants a 0.5 percent foam solution for
a 5-gallon backpack trombone pump. How much volume
of foam concentrate will Nina add to the 5-gallon bag for a
0.5 percent foam solution?

Set up the problem.  Percent means per 100.  See
chapter 1.8.

     5 gal         0.5 %    =  0.025 gallons
100 %

Nina does not have the correct beaker to accurately
measure out 0.025 gallons.  She usually measures the
foam concentrate with a cup. Convert the gallon value to
an equal amount in cups.

Step 1.  Find the appropriate conversion factors in table 2.1.
1 gallon = 4 quarts,  1 quart = 2 pints, 1 pint = 2 cups

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, cups.

  0.025 gallons   4 quarts   2 pints    2 cups     =  0.4 cups
1 gallon 1 quart 1 pint

Nina will add 0.4 cup foam concentrate to the 5-gallon
backpack bag for a 0.5 percent foam solution.

Example 8c—If Nina puts 1/2 cup of foam concentrate
into 5 gallons of water in a backpack bag, what percent of
the foam solution is foam concentrate?  What percent of
the foam solution is water?

Step 1.  The water and foam concentrate must be
converted to the same units.  Convert the 0.5 cup to
gallons.
1 gallon = 4 quarts,  1 quart = 2 pints, 1 pint = 2 cups

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, gallons.

  0.5 cups   1 pint     1 quart    1 gallon     =  0.03 gallons
2 cups 2 pints 4 quarts

Step 3.  The total of water and foam concentrate is
5 gallons + 0.03 gallons  = 5.03 gallons.

Step 4. The percentage of foam in the solution is the
amount of foam divided by the total amount of solution,
times 100 percent.

  0.03 gal    100%     =  0.6%
5.03 gal

Nina added 0.5 cup foam concentrate to the 5-gallon
backpack bag and has 0.6 percent foam concentrate in

the foam solution.
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Step 5.  The percentages add up to 100.
100% – 0.6% = 99.4% of the solution is water

Nina added 0.5 cup foam concentrate to the 5-gallon
backpack bag and has 99.4 percent water in the foam

solution.

Example 9—A fire burned an area of 112,684 ft2.   How
many acres are in 112,684 ft2?

Step 1.  Find the appropriate conversion factor in table 2.1.
43,560 ft2 = 1 acre.

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, acres.

 112,684 ft2      1 acre        =   2.6 acres  =  3 acres
43,560 ft2

112,684 ft2 equals 3 acres

Example 10—A fire burned an area of 550 square chains.
How many acres were burned?

Step 1.  Find the appropriate conversion factor in table 2.1.
10 square chains  = 1 acre.

Step 2.  Set up the cancellation table so all units will
cancel except the desired unit, acres.

  550 square chains            1 acre              =   55 acres
10 square chains

550 square chains equals 55 acres

Example 11—Convert 22 °C to °F.

Step 1.  Use the Fahrenheit to Celsius temperature
conversion equation.  See table 2.2.

°F = (°C x 9 ) + 32
5

Step 2.  Set up the problem.
°F = (22 °C x 9/5) + 32

Step 3.  Solve the problem.  Always work inside the
parentheses first.   See appendix B.9 for order of
operation.

(22 °C x 9 )  +  32  =  39.5  +  32
5

39.5  + 32 =  71.5  = 72 °F

Example 12—The chain saw gas/oil mix is 33 parts gas
to 1 part oil. The head swamper carries four sig bottles.
Sig gas bottles hold 1 liter.  The chain saw gas tank holds
1.2 pints. How much gas and oil will be mixed for a 33:1
gas/oil mix ratio to fill four sig bottles and the gas tank?

Step 1.  The ratio tells us that for every 1 part of oil, there
must be 33 parts of gas for a total of 34 parts.
33 + 1 = 34 parts

Step 2.  Find the total amount of desired gas/oil mix.

4 sig bottles  x  1.0 liter  =  4.0 liters + gas tank holding 1.2
pints Change to common units.  4.0 liters + 1.2 pints

Step 3.  Set up the cancellation table so all units will
cancel except the desired unit, pints.

   4.0 liter     2.114  pint      =   8.5 pints
1.0 liter

8.5 pints + 1.2 pints  =  9.7 pints

Step 4.   9.7 divided by 34 parts will give the amount of
each part.   9.7/34 = 0.3 pint

There are 33 parts of gas.  33 x 0.3 = 9.9 pints of gas
There is 1 part of oil.   1 x 0.3 = 0.3 pints of oil

9.9 pints of gas and 0.3 pints of oil are needed for a
1:33 oil:gas mixture with a volume of 10.2 pints

Note that the sum of the two is 10.2 pints.
9.9 + 0.3 = 10.2 pints
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Table 2.1—Summarized Conversion Table

Linear  Measure
1 foot = 12 inches
1 foot = 0.3048 meter
1 mile = 5,280 feet
1 chain = 66 feet
1 mile = 80 chains

Area Measure
1 acre = 10 square chains = ch2

1 acre = 43,560 square feet = ft2

1 acre = 4,046 square meters = m2

1 square mile = 640 acres

Volume Measure
1 pint = 2 cups
1 quart = 2 pints
4 quarts = 1 gallon
1 liter = 2.11 pints
1 liter = 0.2642 gallons
1 cubic foot =  ft3 = 7.4805 gallons
1 gallon = 0.003485 cubic meters = m3

1 gallon = 0.13346 cubic feet = ft3

1 gallon = 231 cubic inches = in3

1 cubic foot =  ft3 = 1,728 cubic inches = in3

Time Measure
1 minute = 60 seconds
1 hour = 60 minutes
1 day = 24 hours
1 week = 7 days
1 year = 12 months

Force Measure
1 kilogram = 2.205 pounds
1 kg m/s2 = 0.2248 pounds
1 slug ft/ s2 = 1 pound

Pressure Measure
1 psi = 2.036 in Hg at 32 °F
1 atm = 14.7 psi
1 psi = 2.304 ft of water

Weight
1 gallon of water = 8.34 pounds
1 cubic foot of water  = 62.4 pounds
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Table 2.2—Approximate Metric System Conversion Factors

To Multiply To Multiply
Change

To
by  Change

To
 by

feet ...................... chains ............................  0.0152 chains........................ feet ......................... 66.0

feet ...................... meters ............................ 0.305 meters ....................... feet ........................... 3.280

yards.................... meters ............................ 0.914 meters ....................... yards ........................ 1.094

miles .................... kilometers ....................... 1.609 kilometers .................. miles ......................... 0.621

square feet ........... square meters ................. 0.093 square meters ........... square feet .............. 10.764

square yards ........ square meters ................. 0.836 square meters ........... square yards ............. 1.196

square miles ........ sq. kilometers .................. 2.590 sq. kilometers ............ square miles ............. 0.386

acres.................... sq. hectometers .............. 0.405 sq. hectometers ......... acres ........................ 2.471

cubic feet ............. cubic meters ................... 0.028 cubic meters .............. cubic feet ................ 35.315

cubic yards .......... cubic meters ................... 0.765 cubic meters .............. cubic yards ............... 1.308

fluid ounces.......... milliliters ................. 29,573.0 milliliters .................... fluid ounces .............. 0.034

pints ..................... liters ................................ 0.473 liters .......................... pints .......................... 2.114

quarts .................. liters ................................ 0.946 liters .......................... quarts ....................... 1.057

gallons ................. liters ................................ 3.785 liters .......................... gallons ...................... 0.264

ounces ................. grams ........................... 28.349 grams ........................ ounces ...................... 0.035

pounds ................. kilograms ........................ 0.454 kilograms ................... pounds ..................... 2.205

short tons ............. metric tons ...................... 0.907 metric tons ................. short tons .................. 1.102

pound-feet ........... Newton-meters ............... 1.365 ounce-inches ............. Newton-meters ......... 0.007062

pound-inch ........... Newton-meters ............... 0.11375

          Example of use of this conversion table:
To change feet to chains—Multiply feet by 0.0152
To change 124 feet to chains—Multiply feet by 0.0152
124 feet  x  0.0152  = 1.88 chains = 1.9 chains

Temperature Conversion of Units
°F  =  °Fahrenheit  to °C  =  °Celsius °C  =  °Celsius to °F  =  °Fahrenheit
°F  =  (°C x 9/5)  +  32 °C  =  5/9  x  (°F – 32)
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Table 2.3—Metric System and Equivalents

The purpose for including the following metric system equivalents and approximate conversion factors is to meet the
requirements of Public Law 100-418.  This law requires each Federal agency to use the metric system of measurement by
Fiscal Year 1992 in procurements, grants, and other business related activities.

Linear Measure Liquid Measure

1 centimeter  =  10 millimeters  =  0.39 inch 1 centiliter  =  10 milliliters  =  0.34 fl. ounce

1 decimeter  =  10 centimeters  =  3.94 inches 1 deciliter  =  10 centiliters  =  3.38 fl. ounces

1 meter  =  10 decimeters  =  39.37 inches 1 liter  =  10 deciliters  =  33.82 fl. ounces

1 decameter  =  10 meters  =  32.8 feet 1 deciliter  =  10 liters  =  2.64 gallons

1 hectometer  =  10 decameters  =  328.08 feet 1 hectoliter  =  10 deciliters  =  26.42 gallons

1 kilometer  =  10 hectometers  =  3,280.8 feet 1 kiloliter  =  10 hectoliters  =  264.18 gallons

Weights Area Measure

1 centigram  =  10 milligrams  =  0.15 grain 1 sq. centimeter  =  100 sq. millimeters  =

0.155 sq. inch

1 decigram  =  10 centigrams  =  1.54 grains 1 sq. decimeter  =  100 sq. centimeters  =

15.5 sq.inches

1 gram  =  10 decigrams  =  0.035 ounce 1 sq. meter (centare)  =  100 sq. decimeters  =

10.76 sq. feet

1 decagram  =  10 grams  =  0.35 ounce 1 sq. decameter (are)  =  100 sq. meters  =

1,076.4 sq. feet

1 hectogram  =  10 decagrams  =  3.52 ounces 1 sq. hectometer (hectare)  =  100 sq. decameters  =

2.47 acres

1 kilogram  =  10 hectograms  =  2.2 pounds 1 sq. kilometer  =  100 sq. hectometers  =

0.386 sq. mile

1 quintal  =  100 kilograms  =  220.46 pounds

1 metric ton  =  10 quintals  =  1.1 short tons

Cubic Measure

1 cu. centimeter  =  1000 cu. millimeters  =  0.06 cu. inches

1 cu. decimeter  =  1000 cu. centimeters  =  61.02 cu. inches

1 cu. meter  =  1000 cu. decimeters = 35.31 cu. feet
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EXERCISES

Problem 1. How many quarters can Kim get for 15
dimes?

Problem 2. How many minutes are there in 24 hours?

Problem 3. How many seconds are there in 24 hours?

Problem 4. How many gallons are in 10 pints?

Problem 5. Dennis carries three canteens.  Each holds 1
quart.  How many pints is Dennis carrying in all?  How
many cups?   What is the total weight of the water that
Dennis is carrying?

Problem 6. Mark walks out 120 chains.  How many miles
has he walked?  How many feet has he walked?

Problem 7. Ricardo mapped out a burn with a perimeter
of 6 miles.  What is the perimeter of the burn in chains?  In
feet?

Problem 8.  Mona was constructing handline for 5 hours.
How many minutes was she on the line?  How many
seconds?

Problem 9.  How many acres are in 78 square miles?

Problem 10.  Isaac  determines that the last fire he was
on burned 89 acres.  How many square chains were
burned?

Problem 11.  It is 99 degrees Fahrenheit outside.  What is
the temperature in degrees Celsius?  See table 2.2.

See appendix B.9 for order of operation.
See section 1.8 for treatment of percentages.
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The material in chapter 3 describes hydraulic
concepts regarding the use of water in wildland
firefighting. These include determining weight of
water, a description of factors related to friction
loss, and a review of basic drafting guidelines,
volume, pump pressure calculations, and flow
rate.  Instructions for estimating in the field and a
round-off table are also provided.

The correct terminology is important in hydraulics. The
unit for pressure that is used in hydraulics is pounds per
square inch, “psi.” This is often confused or replaced with
“pounds,” which is a unit for weight. Making this exchange
is incorrect and causes much confusion; therefore, it is
crucial that the correct terminology be used for both
pressure (pounds per square inch) and weight (pounds).

  3.1  Volume or Capacity  Volume is used by firefighters
to determine “How much water is left in the tank and at 15
gallons per minute (gpm), how many more minutes before
the tank is empty?” Volume is used to indicate the
capacity of a tank or container.

Volume of a rectangular tank—The volume of a
rectangular container is determined by multiplying the
length (l) by the width (w) by the height (h).

                                                                   h

         w
                 l

Volume = length  x  width  x  height
V = l  x  w  x  h

Example 1—Determine the volume of the tank in gallons.

   8 ft

                                                        6 ft
                            5 ft

Step 1. Use the equation for determining the volume of a
rectangle.   V = l  x  w  x  h

Step 2. Identify the length, width, and height.
l = 5 ft,  w = 6 ft,   h = 8 ft

Step 3. Set up the problem and solve.
V =  5ft  x  6ft  x  8ft  =  (5 x 6 x 8)  (ft x ft x ft)  =  240 ft3

Step 4. Determine the appropriate conversion factor.
1 cubic foot = 7.4805 gallons

Step 5. Set up the cancellation table so all units will
cancel, except the desired unit, gallons.

  240 ft3   7.48 gallons    = 1,795 gallons
1 ft3

The volume of the tank of water is 240 cubic feet
or 1,795 gallons.

Example 2—The water tank on a newly designed engine
is 34 inches wide, 5 feet high, and 12 feet long. What is
the capacity of the water tank  in cubic feet?  In gallons?

                 5 ft

Step 1. Use the equation for determining the volume of a
rectangle.
V = l  x  w  x  h

Step 2. Identify the length, width, and height.
l = 12 ft,   w = 34 in,   h = 5 ft

Step 3. Convert all the measurements to the same units,
feet.

  34 inches       1 foot        =  2.83 feet
12 inches

Step 4. Set up the problem, and solve for volume.
V  =  2.83 ft  x 5 ft  x 12 ft   =  170 ft3

 12 ft
34 in
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Step 5. Set up the cancellation table so all units will
cancel, except the desired unit, gallons.

  170 ft3    7.48 gal      =  1,272 gallons
1 ft3

The capacity of the new tank is 170 cubic feet
or 1,272 gallons.

Volume of a cylinder—The volume of a cylinder is found
by multiplying the area of the base times the height, “h.”
The base of a cylinder is a circle, A = π x r2,  where π =
3.14. See chapter 1.9.

Volume = π   x  radius  x  radius  x  height
V =  π  x  r   x  r   x  h
V =  π  x  r 2  x  h

Example 3—A cylindrical tank of foam concentrate is 5
feet tall. Tank  diameter is 2.5 feet. What is the capacity, in
gallons, of the tank?

Step 1. Use the equation for determining the volume of a
cylinder.
V = π  x r2 x h

Step 2. Draw a sketch. Label the height and diameter.

π  = 3.14    r  = 1/2 d  =  1/2 x 2.5 ft  = 1.25 ft     h = 5 ft

Step 3. Set up the problem and solve.
V  = 3.14  x  (1.25 ft)2  x  5 ft  =  24.5 ft3

Step 4. Set up the cancellation table so all units will
cancel, except the desired unit, gallons.

  24.5 ft3    7.48 gal     = 183.3 gallons
1  ft3

Tank capacity is 183.3 gallons.

Example 4—Carla is filling the cylindrical tank below with
a pump. She’s pumping at a rate of 13 gallons per minute
(gpm). How long will it take to fill the tank?

Step 1.  Use the equation for determining the volume of a
cylinder.  V =  π  x r2 x h

Step 2.  Identify the radius and height.
π  = 3.14       r =  1/2 d  =  8ft/2  = 4 ft       h = 10 ft

Step 3.  Set up the problem, and solve for volume.
V =  3.14  x  (4 ft)2  x  10 ft  = 502.4 ft3

Step 4. Set up the cancellation table so all units will
cancel, except the desired unit, hours.

 502.4 ft3 7.48 gal min h = 4.82 hours
1  ft3 13 gal 60 min

It will take Carla about 5 hours to fill the tank.

r

h

h = 5 ft

d = 2.5 ft

d = 8 ft

 h = 10 ft
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Example 6—Sherman is out on a fire. His crew has a
trunk line of 6 lengths of 100-foot, 1-1/2 inch hose. He
needs to estimate the volume of water in this trunk line.
What is a good estimate?

Step 1. Find the appropriate conversion/estimation in table
3.1. Commit these rounded values to memory.

The exact tables indicate that a single 100-foot length of
1-1/2-inch hose holds 9.2 gallons of water from table 3.1.
Use the rounded value of 9 gallons per 100-foot length of
1-1/2-inch hose.

Step 2. Set up the table. This may or may not need to be
done on paper. Typical rough estimations involve only one
multiplication or division step, and usually this math can be
done in your head.

  6 lengths     9.0 gallons     =  54 gallons
1 length

Sherman has used 54 gallons of water to charge
the hose lay.

Sherman now knows that he has about 54 gallons of
water in his hose lay. The exact value would have been
6 x 9.2 = 55.2 gallons. This shows that the rounded
number is easier to use, since multiplying whole numbers
is simpler than multiplying decimals.

In example 6, the number was rounded down from 9.2 to
9.0. If it would have been rounded up from 9.2 to 10.0, the
solution would have been 6 x 10 = 60 gallons. By perform-
ing the calculations using whole numbers, both higher and
lower than the actual value, a margin is created. This
margin allows for an upper and lower limit. It is therefore
safe to say that the actual value is between 54 gallons
(6 x 9) and 60 gallons (6 x 10).

Determining Weights and Volumes of Water—Table 3.1
shows the volumes of water in specific hose lengths,
along with the weight of 1 gallon of water. The weight of 1
gallon of water is 8.3 pounds (1 gallon =  8.3 pounds).
With this, the weight of water can be calculated in a
certain length of hose or volume of water by multiplying by
8 pounds per gallon (rounded value).

  3.2  Volume of Water in Hose   The volume of hose is
also important in firefighting. The hose diameter is usually
given in inches, with length in feet.

Example 5—A 100-foot length of 1-inch diameter hose is
charged with water. How many gallons of water are in that
length of hose?

                                                                                  D = 1 in

       100 ft

Step 1. Use the equation for determining the volume of a
cylinder.   V = π  x  r2 x h

Step 2. Identify the radius and height.
π = 3.14      r = 1/2 d  = 1 in/2  = 0.5 in      h = 100 ft

Step 3. Convert all measurements to the same units.
Convert the 100-foot hose length to inches.

Hose length  =   100 ft    12 in      = 1,200 in
   1 ft

Step 4. Set up the problem and solve.
V =  3.14  x  0.5 in  x  0.5 in  x 1,200 in  = 942 in3

Step 5. Set up the cancellation table so all units will
cancel, except the desired unit, gallons.

  942 in3 1 ft3 7.48 gal  =  4 gallons
1,725 in3 1 ft3

The capacity of a 100-foot length of 1-inch diameter hose
is 4 gallons.

Estimating in the Field—Rounding makes numbers
easier to use. Sometimes estimations or approximations
are useful, such as for planning sessions in the field,
especially when without a calculator. For example, table
3.1 indicates that 1-1/2 inch x 100 feet of hose length
holds 9.2 gallons of fluid. In the field, the conversion value
can be rounded to 9 gallons when doing rough estima-
tions/calculations. These rounded values are easier to
remember.
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Example 7—The tank on a Model 62 Engine is filled with
500 gallons of water.  How much weight does the water
add to the weight of the engine?

Step 1. Find the appropriate estimation in table 3.1.
1 gallon = 8 pounds (lb)

Step 2.  Set up the cancellation table so all units will cancel,
except the desired unit, pounds.

  500 gallons     8 pounds      =  4,000 pounds
1 gallon

Water in the tank adds 4,000 pounds to the
weight of the engine.

Example 8—Two 100-foot lengths of 1-1/2-inch cotton-
synthetic hose weigh about 54 pounds total when dry.
How much will the same hose weigh when fully charged?

Step 1. Find the appropriate estimation in table 3.1.  The
volume capacity of one 1-1/2-inch ID  x 100-foot hose
length  =  9 gallons.  For two lengths of hose, there are
two times 9 gallons.

  2 lengths    9 gallons    = 18 gallons
1 length

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, pounds.

  18 gallons        8 pounds       =  144 pounds
1 gallon

Step 3.  Add the dry weight of the hose to the weight of
the water.
54 lb  + 144 lb  = 198 lb

Two fully charged 1-1/2-inch ID x 100-foot hose lengths
weigh 198 pounds.

Example 9—An engine company is pumping a progres-
sive hose lay with 1-inch laterals every 100 feet.  At 800
feet up from the engine, the trunk line breaks, and
firefighters replace it, but they forget to shut off the gated
wye valve above the broken hose.  As a result, they
accidentally drain ten 100-foot lengths of 1-1/2-inch hose
and ten 100-foot lengths of 1-inch hose.  How much water
above the break was lost due to this mistake?

Step 1.  Find the appropriate estimation in table 3.1 for the
volume of water in both 1-inch and 1-1/2-inch lengths of
hose.

Each 1-1/2-inch ID x 100-foot hose length holds 9 gallons.
Each 1-inch ID x 100-foot hose length holds 4 gallons.

Step 2. Set up the cancellation table so all units will
cancel, except the desired unit, gallons, for each length of
hose.

Ten lengths of 1-1/2-inch ID x 100-foot hose

 10 lengths     9 gallons     = 90 gallons
1 length

Ten lengths of 1-inch ID x 100-foot hose

 10 lengths     4 gallons    = 40 gallons
1 length

Step 3.  Add these together to find the amount of water
lost.   90 gallons + 40 gallons = 130 gallons

Firefighters lost 130 gallons of water.

  3.3  Friction Loss in Fire Hose    Friction loss is the
resulting resistance as water (fluid) moves along the
inside wall of either hose, pipe, or hose fittings.

Points to Remember
• Friction loss increases as flow (gpm) increases.
• Total friction loss varies with length—the greater the

length, the higher the friction loss.
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• Friction losses on reeled hose average about 21
percent more than for straight hose lays.

• Friction loss is nearly independent of pressure.
• Friction loss varies with type, lining, weave, quality,

and age of hose.
• Friction loss increases four times for each reduction

of diameter by one half.

The pressure at which the pump is working must be
increased or decreased to compensate for the head loss
or gain along with the friction losses, in order to produce
the desired nozzle pressure.

  3.4  Calculating Engine Pump Pressures     In order to
achieve a desired nozzle pressure (DNP), a few
considerations must be taken into account.  First, head
loss (HL) and head gain (HG) must be noted.  Water head
is the height of the water column due to imposing
pressure.  The head pressure is positive (gain) if the hose
lay is downhill because the force of gravity is helping push
the water down, consequently increasing the pressure.
The head pressure is negative (loss) if the hose lay is
uphill, since  the force of gravity is pulling the water down,
when it needs to be pumped up.  Table 3.1 indicates that 1
foot of water head produces 0.5 pounds per square inch
of pressure.  On that same note, 1 pound per square inch
can produce 2 feet of water head (lift).  For every foot
uphill or downhill, there is a change of 0.5 pounds per
square inch of pressure.  Note that this is the height of the
hose (elevation) and not the length of the hose. See figure
3.1.

Figure 3.1—Water Pressure vs Height—These figures show
the pressure on a square inch cross section caused by the
height of water above it.  Note that as the column’s height
doubles, so does the pressure.  Both exact and rounded field
application values are given.

The second consideration involves friction losses (FL).  As
a field rule, the pressure in a line is reduced by 5 pounds
per square inch for each appliance added to the line.  For
example, a hose lay with five wye valves will result in a 25
pounds per square inch pressure loss due to the friction
introduced by these fittings.  This is an approximation
used for calculations and is not precisely what occurs in
the field. See table 3.3 for friction loss in forestry hose.

Calculating Desired Nozzle and Pump Pressures—
Engine and nozzle pressures are calculated as follows:
DNP = Desired Nozzle Pressure
EP = Engine Pressure
HG = Head Gain
HL = Head  Loss
FL = Friction Loss

Desired Nozzle Pressure =
Engine (Pump) Pressure ± Head Gain/Head Loss

Friction Loss:
DNP = EP ± HG/HL – FL

When calculating desired nozzle pressure in a downhill
hose lay, add the head pressure. In uphill hose lays,
subtract the head pressure. The calculations vary to
account for the work of gravity.

In terms of engine pressure: EP = DNP + HL/-HG + FL
When calculating engine pressure in downhill hose lays,
subtract the head pressure; in uphill hose lays, add the
head pressure.

The head pressure is in terms of loss or gain. Because the
pump and the nozzle are at opposite ends of the hose,
head pressure that is positive at the pump, will be
negative at the nozzle and vice versa. See figure 3.1. It is
crucial that the sign of the head pressure be correct. If the
hose lay is uphill, the head pressure is negative, and if it is
downhill, the head pressure is positive. Careful attention
must be paid to the second equation above, when the
signs are switched.

1 ft.

2 ft.

3 ft.

Actual 0.434 psi 0.868 psi 1.302 psi
Rounded 0.5 psi 1.0 psi 1.5 psi
Difference due 0.066 psi 0.132 psi 0.198 psi
to rounding
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Figure 3.2—Pump pressure with head gain and head loss.

Example 10—Kevin is fighting a fire and needs the nozzle
pressure to be 100 pounds per square inch.  He is 100
feet above the engine.  What pump pressure does he
need?

   There is a head loss due to the height of the nozzle.

Step 1.  Find the appropriate estimation in table 3.1 for the
pressure change caused by each vertical foot of water
head.

1 ft head = 0.5 psi head pressure

Friction Head
Pressure

Head
Pressure

Nozzle Discharge
(—) head pressure

Nozzle Discharge
(+) head pressure

Pump Pressure
(+) head pressure (head
loss) The pump has to do
more work to overcome
gravity, so this is a head loss.

Pump Pressure
(—) head pressure (head
gain) The pump does less
work due to gravity, 
so this is a head gain.

Nozzle (100 psi)

10
0 

ft

Engine

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, psi.  Since the nozzle is
uphill, the head pressure is considered a head loss and is
negative.

  100 ft        0.5 psi      =   50 psi
1 ft

HL =  –50 psi

Step 3.  Calculate the friction loss.
There is no friction loss due to appliances in the line.
FL = 0

Step 4.  Use the equation for the engine pressure.

EP = DNP ± HL/HG + FL

Step 5.  Identify the desired nozzle pressure, the head
loss, and the friction loss.
DNP = 100 psi,  HL = –50 psi,  FL = 0

Step 6.  Set up the problem and solve. See appendix B for
subtracting negative numbers.

EP = 100 psi – (–50 psi) + 0
EP = 150 psi

The engine pressure would have to be 150 pounds
per square inch to obtain a nozzle pressure of

100 pounds per square inch.

Estimating Values—As mentioned earlier, it is often
necessary to round numbers either up or down to make
calculations easier. When precise calculation is not
possible because there is no paper, pen, or calculator,
rounded estimations are helpful. In the field, rounding
does not greatly affect the results. Actually, it is helpful to
round numbers to take outside disturbances of any kind
into account. For example, rounding the pressure caused
by water head up from 0.434 to 0.5 takes any additional
friction that might be caused by the hose itself into
account.
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Looking back at example 10 where there is a 100-foot
vertical height of water in the hose, using the exact value
of 0.434 pounds per square inch per foot would give a 43
pounds per square inch head loss.  This is 7 pounds per
square inch less than what was calculated earlier.  By
rounding up to 0.5 from 0.434, friction and head losses
due to the hose itself are taken into account, and no
additional calculation is needed.  So, for future
calculations, the 0.5 pounds per square inch head loss will
be used.  This not only eases calculations, but is a more
realistic field application.

For hose longer than 100 feet, friction loss in the hose
should be considered. Friction loss of 100-foot, 1-inch
hose, all synthetic, and at 15 gallons per minute, is
typically 4 to 9 pounds per square inch. Friction loss of
100-foot, 1-inch hose, cotton-synthetic, and at 15 gallons
per minute, is typically 3 to 6 pounds per square inch. And
friction loss for 1.5-inch hose at 15 gallons per minute is
typically 1 pound per square inch for 100 feet. See table
3.3.

Estimations and rounding are applied to example 10.

Exact value 43 psi
Field use value (rounded)   50 psi
Difference +7 psi

Example 11—A pressure gauge attached to a standpipe
system shows a pressure of 64 pounds per square inch.
What head (height) of water is above this gauge?

Step 1.  Find the appropriate estimation in table 3.1.
1 psi = 2 ft

Step 2. Set up the cancellation table so all units will
cancel, except the desired unit, feet.

  64 psi     2 ft      =  128 ft of water
1 psi

64 psi

There are 128 feet of water above the gauge.

Example 12—A progressive hose lay has six gated wye
valves along the length of the trunk line.  The nozzle outlet
is 200 feet below the engine.  The desired nozzle
pressure of the trunk line is 100 pounds per square inch.
At what pressure does the engine need to perform?

Step 1. Find the appropriate conversion/estimation in table
3.1 for the pressure caused by 1 foot of water head.
1 ft = 0.5 psi

Step 2. Set up the cancellation table so all units will
cancel, except the desired unit, psi.  There is a head gain
due to the hose lay being downhill.
HG  =    200 ft     0.5 psi    =  100 psi

1 ft

Step 3.  Set up the cancellation table so all units will
cancel, except the desired unit, psi, to calculate the friction
loss due to the fittings.  Guidelines indicate a 5 pounds per
square inch loss per fitting.

FL  =     6 fittings       5 psi        =  30 psi
1 fitting

Step 4.  Use the equation for the engine pressure.
EP = DNP ± HG/HL +FL

Step 5.  Identify the DNP, the HG, and the FL.
DNP = 100 psi,  HG = 100 psi,  FL = 30 psi

Step 6.  Set up the problem and solve.
EP = 100 psi – 100 psi  + 30 psi

The engine pressure needs to be 30 pounds per square
inch for a desired nozzle pressure of 100 pounds per

square inch in this hose lay.

Water Levels—Knowing that 1 pound per square inch of
pressure can lift water vertically 2 feet, the water level of
certain volumes of water (cisterns or tanks) can also be
calculated.
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Example 13—An engine’s compound gauge is connected
at the base of a 100-foot tall reservoir tank, and the gauge
reads 35 pounds per square inch.  How high is the water
level in the reservoir?

Step 1. Find the appropriate conversion/estimation in table
3.1 for the height of water that creates 1 pound per square
inch of pressure.  1 psi = 2 ft of water head

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, feet, to calculate the
height of water that creates the 35 pounds per square inch
of pressure above the gauge.

   35 psi     2 ft       =  70 ft height of water
1 psi

The water level is 70 feet above the gauge.

Example 14—Harvey has parked his engine 30 feet
below the base of a nearby water tank.  He connects his
engine’s compound gauge to the water line coming from
the tank and obtains a reading of 40 pounds per square
inch.  How high is the water level in the tank?

In this problem, the pressure is not read at the base of the
tank, but 30 feet below.

Water tank

Engine with compound gauge

30 ft

Step 1. Find the appropriate conversion/estimation in table
3.1 for the height of water that creates 1 pound per square
inch of pressure.  1 psi = 2 ft

Step 2. Set up the cancellation table so all units will
cancel, except the desired unit, feet, to calculate the
height of the water level that creates the 40 pounds per
square inch pressure reading.

  40 psi      2 ft     =   80 ft
1 psi

The water level is 80 feet above Harvey’s gauge.

Step 3.  Determine the height of the water in the tank.
Subtract the 30 feet between the gauge and the base of
the tank.

80 ft – 30 ft  = 50 ft

The height of the water in the tank is 50 feet.

Size and Shape versus Pressure—Notice that the
diameter of the tank does not affect the pressure.  A
column of water 100 feet high creates the same amount of
pressure in a 2-foot diameter tank as it does in a 20-foot
diameter tank.  Imagine that diameter did affect the
pressure in a certain height of water:  Would people be
able to swim in the ocean or would the pressure of such a
large body of water crush them, compared to a small
swimming pool of the same depth?  The answer is no, the
pressure is the same if the height is the same, no matter
how wide or what shape. See figure 3.3.

1 sq in 1 sq in 1sq in 1 sq in

Figure 3.3—Different shapes, same pressure.

Engine with
compound gauge

Water

Reservoir
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Pump Piston Rod

Piston

Discharge
Valve

Inlet 
Valve

Partial Vacuum
(negative pressure)

Atmospheric 
Pressure

Atmospheric 
Pressure

  3.5  Drafting Guidelines   When drafting water from a
pond or stream, it is important to know the difference in
elevation between the pump and the water source.  When
drafting water, the air at atmospheric pressure is removed
from the hose line, creating a vacuum (negative pressure)
within the pump chamber.  The atmospheric pressure
(weight of air) on the water’s surface forces the water up
through the suction hose to the pump.

Figure 3.4—Drafting diagram.

The maximum height to which an engine or pump can lift
water is determined by the atmospheric pressure.  At sea
level the atmosphere exerts an average pressure of 14.7
pounds per square inch. Atmospheric pressure will vary
due to changes in the weather.  However, these changes
tend to even themselves out, and the average pressure
will tend to go back toward 14.7 pounds per squre inch.
That is why it is safe to use this value of 14.7 pounds per
squre inch as a constant for calculations.

Example 15—What would be the maximum height of
water that a pressure of 14.7 pounds per square inch
would be capable of sustaining?

Step 1.  Find the appropriate conversion in table 3.1.
1 psi = 2.304 ft

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, feet, to calculate the lift
created by 14.7 pounds per square inch.

 14.7 psi   2.304 ft lift    = 33.9 feet This is the exact value
1 psi using the conversion 1

pound per square inch
= 2.304 feet.

This pressure (atmospheric pressure) is capable of
sustaining a column of water 33.9 feet in height.

If a pump could produce a perfect vacuum, the maximum
height to which it could lift water at sea level would be
33.9 feet.  This is the maximum theoretical lift, but no
pump built can produce a perfect vacuum.  A fire engine in
fairly good condition can lift water two thirds of the
theoretical lift, 2/3 x 33.9 = 22.5 feet.  This is called the
maximum attainable lift.  With an increase in elevation
above sea level, atmospheric pressure decreases, thus
reducing the vertical distance from the water source
where drafting can be done effectively.

For every 1,000 feet of change in elevation, there is a
loss of 1 foot in suction or lift and a 0.5 pounds per
square inch decrease in atmospheric pressure.

Example 16—An engine can lift water 22.5 feet at sea
level.  The same engine is driven to a fire at an elevation
of 2,000 feet above sea level.  What lift is it capable of
producing at this elevation?

Step 1.  Use the conversion given for elevation change.
1-ft loss = 1,000-ft elevation change

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, feet, to calculate the loss
in lift for a 2,000-foot elevation.

  2,000 ft           1 ft (loss)             = 2 ft lift will be lost
1,000 ft (elevation)

Step 3.  Subtract this value from the number of feet that
can be lifted at sea level.
22.5 ft – 2 ft  =  20.5 ft

This pump can lift 20.5 feet of water at a
2,000-foot elevation.
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Example 17—Larry is 16 feet above his water source, at
an elevation of 4,000 feet. Will Larry still be able to draft
water?

Step 1. Find the appropriate conversion/estimation in table
3.1 to calculate the decrease in possible lift. At sea level,
attainable lift is 22.5 feet.

Step 2.  Set up the cancellation table so all units will
cancel, except the desired unit, feet (loss), to calculate the
loss in lift. Due to the elevation, the sustainable lift
decreases by:
1,000-foot increase in elevation  = 1-foot loss

  4,000 ft       1 ft (loss)           =   4-ft loss in lift
1,000 ft (elev.)

Step 3.  Calculate the adjusted attainable lift. The
maximum attainable lift would now be:
attainable lift – decrease due to elevation = adjusted
attainable lift    22.5 ft – 4 ft = 18.5 ft

Step 4.  Determine whether drafting is still possible.
attainable lift = 18.5 ft  Larry would still be able to draft
water up to a vertical distance of 18.5 feet, he desires to
lift at least 16 ft.

The difference is  18.5 feet  – 16 feet  = 2.5 feet above
Larry’s current location.

Yes, Larry is able to draft 16 feet above his water source.

  3.6  Flow Rates    Flow rates describe the speed at
which water is flowing.  They are described in gallons per
minute (gpm).  The following test is a simple way to see
this.

Use a large drum with a marked level to indicate a
premeasured 50-gallon volume.  Begin filling the drum
with a hose and at the instant that the water begins to fill
the tank, start timing how long it takes with a precise stop
watch (preferably to 1/100 of a minute).  When the water
level reaches the marked line, take the hose away, and
stop timing.  To calculate the flow rate of the water through
the hose, divide the total volume by the total time it took to
reach that volume. Suppose it took 3.55 minutes.

50 gallons per 3.55 minutes (50/3.55)
50 ÷ 3.55 = 14.08
Flow rate = 14.08 gpm

If the stop watch has only seconds and minutes, the
seconds can be converted into fractions (parts) of
minutes.  There are 60 seconds in 1 minute.

Example 18—If it took 3 minutes and 40 seconds to fill
the bucket, how many minutes did it take?

Step 1.  Set up the cancellation table so all units will
cancel, except the desired unit, minutes.  There are 60
seconds in 1 minute.

  40 seconds      1 minute        =  0.67 minutes
60 seconds

Step 2. Add the minutes together.
3 minutes  + 0.67 minutes  =  3.67 minutes.

It took 3.67 minutes to fill the bucket.
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Table 3.1—Water Handling Unit Estimations

Rounded Values
Description Used in U.S. Measure

Field Estimations
GOOD TO MEMORIZE

ID =  Inner Diameter Volume (Capacity) Volume (Capacity)
One hose length

1-1/2-in ID x 100 ft 9 gal 9.2 gal

1-in ID x 100 ft 4 gal 4.1 gal

3/4-in ID x 50 ft 1 gal 1.2 gal

5/8-in ID x 50 ft 1 gal 0.8 gal

Weight Weight

1 gal of water at 20 °C 8 lb 8.3 lb

Pressure Pressure

1 ft of water head (1 in2 column 0.5 psi 0.434 psi

 of water)

1 psi 2 ft of water head 2.304 ft of water head

Atmospheric pressure 15 psi @ sea level 14.7 psi @ sea level

1,000 ft increase in elevation 0.5 psi decrease in atmospheric 0.5 psi decrease in atmospheric

pressure pressure

Draft (lift) Draft (lift)

1 in of mercury 1 ft 1.134 ft

1,000 ft increase in elevation 1 ft loss 1 ft loss

Maximum theoretical lift 34 ft 33.9 ft

Maximum attainable lift with 29 ft * 29.4 ft

new pump

Maximum practical attainable lift 22 ft 22.4 ft

* Pump lift varies with pump efficiency, which decreases proportionately to the hours of use.
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Table 3.2—Comparative Diameters and Weights (100-foot lengths) of Coupled Fire Hose

Type of FS Jacket ID Factory Burst Max Water Weight Max
Hose SPEC (in) Proof Pressure Dry (gal)  Water Total

Pressure (psi) Weight (lb) Weight
(psi)   (lb) (lb)

Garden, Item Single 5/8 300 550 1.7 0.8 6.6 8.4
synthetic purchase
jacket, description
lined (50
ft only)

High 5100-185 ——— 3/4 1,200 2,400 28.4 1.2 10 38.4
pressure,
reel
(50 ft only)

Cotton- 5100-186 Single 1 450 900 22.4 4.1 34 56.4
synthetic
jacket,
lined

Synthetic 5100-187 Single 1 450 900 9.4 4.1 34 43.4
jacket,
lined

Cotton- 5100-186 Single 1-1/2 450 900 26.9 9.2 77 103.9
synthetic
jacket,
lined

Synthetic 5100-187 Single 1-1/2 450 900 15.9 9.2 77 92.9
jacket,
lined

Cotton- None Double 2-1/2 60 25.5 213 273
synthetic to to
jacket, 162 375
rubber
lined (light
tube) (50
ft only)
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Table 3.3—Friction Loss of Forestry Hose

Friction loss comparison of the forestry hose and hose on the Forest Service qualified products lists for 5100-186 and
5100-187 in units of pounds per square inch per 100 feet.

Flow 5/8-in 3/4-in 3/4-in 1-in             1-in 1-in
GH straight reeled Cotton-synthetic—186            All-synthetic—187 Hotline

hardline hardline Imperial Niedner National Mercedes Imperial National Niedner
gpm psi/ psi/ psi/ v psi/ psi/ psi/ psi/ psi/ psi/ psi/

100 ft 100 ft 100 ft 100 ft 100 ft 100 ft 100 ft 100 ft 100 ft 100 ft 100 ft
5 6 5 6 1 1 1 1 0 1 1 2

10 23 13 17 2 3 3 3 2 4 3 4
15 45 27 34 5 3 6 5 4 8 9 9
20 78 42 53 8 10 10 7 8 16 18 16
25 92 62 79 12 14 17 11 12 25 29 24
30 ~ 86 109 18 19 24 14 18 35 42 34
35 ~ 91 115 22 25 28 20 24 48 57 49
40 ~ ~ ~ 28 33 37 22 31 61 75 59
45 ~ ~ ~ 35 41 46 24 39 77 ~ 73
50 ~ ~ ~ 42 50 55 29 48 86 ~ 80
60 ~ ~ ~ 60 68 73 41 64 ~ ~ ~
70 ~ ~ ~ 65 ~ ~ 55 ~ ~ ~ ~
80 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
90 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

100 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Friction loss (pounds per square inch per 100 feet) in hose comparison
Flow 1-1/2-in 1-1/2-in 1-1/2-in 1-3/4-in

            Cotton-synthetic—186 All synthetic—187 hotline hotline
Imperial National Mercedes Imperial National Niedner

gpm psi/100 ft psi/100 ft psi/100 ft psi/100 ft psi/100 ft psi/100 ft psi/100 ft psi/100 ft
5 0 0 0 0 1 0 0 0

10 1 0 0 0 1 1 0 0
15 1 1 1 1 1 1 1 0
20 2 1 2 1 2 2 2 0
25 3 2 2 2 3 3 3 2
30 3 3 2 3 4 5 5 2
35 4 4 4 4 5 7 6 2
40 5 5 4 5 7 8 8 2
45 6 7 6 6 8 11 10 3
50 8 8 6 7 11 13 12 3
60 9 12 7 9 16 20 18 5
70 12 17 9 12 21 26 24 6
80 16 22 12 15 23 33 31 8
90 20 27 15 19 30 42 39 11

100 25 29 19 24 32 52 ~ 14
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EXERCISES

V = Volume
L = Length
w = Width
h = Height

Problem 1.  Find the volume, in gallons, of the tank
below.

Problem 2. Diego is filling a rectangular water tank with
the following dimensions:  length = 10 ft, height = 8 ft, and
width = 48 in.  How many gallons of water can he put in
the tank?

V = Volume
h = height of cylinder
r = radius of the circular base

Problem 3. How much water can the tank hold?

Problem 4.  Kate is in charge of filling her engine tank.
The tank is 6.2 ft wide, 4.5 ft tall, and 18.2 ft long.  What
volume of water can she put into the tank to fill it?

See chapter 1.9 for diameter and radius.
See table 2.3 for conversion factor.

Problem 5.  A cylindrical canteen is 9 inches high and has
a 4.5-inch diameter.  What volume of water can the
canteen hold in gallons?

See table 2.1.

Problem 6.  How many cubic inches of water are held in a
fully charged 1-1/2-inch diameter hose length of 100 feet?
Does this value agree with the water handling units in
table 3.1?

Problem 7. What volume of water is held in a 15-inch
length of 5/8-inch diameter hose?

Problem 8. There are 4 gallons of water in tank A.
Estimate how much weight 4 gallons of water would add
to the tank.

Problem 9. Estimate the volume of water, in gallons, that
is in 8 lengths of 5/8-inch 50-foot mop-up hose in the hose
lay? Use the long method from table 2.1 and the short
method using table 3.1.

Problem 10. Determine the weight of water in a 6-foot
length of 2-inch diameter piping.

Problem 11. Determine the weight of water in a
rectangular tank 3 feet wide, 4 feet high, and 7 feet long.

Problem 12.  Determine the weight of the water in a 150-
foot length of hose with a 1-inch diameter.

Problem 13.  Eric weighs his backpack pump when it is
empty.  It weighs 6.5 pounds.  He fills it with 5 gallons of
water.  How much weight has he added to his pack?

Problem 14.  Daniel is filling helicopter tanks with his
engine at a helibase.  A helicopter with an empty 360-
gallon tank lands, and the pilot tells Daniel to fill the tank
three-quarters full of water.  How many gallons must he
fill?  How much weight has Daniel added to the
helicopter?

  4.1 ft

3.2 ft
  5.9 ft

   r = 4.2 ft

   h = 8.6 ft
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Problem 15.  Jacob reads the pressure gauge on his
engine and finds the pressure to be 60 pounds per square
inch.  What height of water is there in the hose lay above
his engine’s pump?

Problem 16.  What is the pressure Victor needs at the
pump if his nozzle is 120 feet above the pump, he has 6
fittings in the line, and he wants a nozzle pressure of 100
pounds per square inch?

Problem 17.  Carlos deployed a hose lay of 400 feet of
1-1/2-inch Forest Service cotton-synthetic hose with 3
fittings.  What is the friction loss using field application
approximations at a nozzle flow of 50 gallons per minute?

Problem 18.  Ralph is pumping water from a pond to a
fire 230 feet below.  He has a hose lay of 600 feet of
1-1/2-inch hose with 5 fittings. The pump pressure is 20
pounds per square inch. What is his nozzle pressure?

Problem 19.  Joe lays 400 feet of 1-1/2-inch hose down a
slope 100 feet below the pump.  He has three brass
fittings in the hose. What pump pressure will he need to
produce 100 pounds per square inch nozzle pressure?

Problem 20.  At sea level the engine can lift water 22.5
feet.  What lift will the engine be able to produce at an
elevation of 5,000 feet?

Problem 21.  A 15-gallon tank is emptied through a
release valve.  From the instant the valve is opened to the
instant the tank finishes draining, the time is recorded as
3.45 minutes.  What is the flow rate through the valve?

CHAPTER PROBLEM

The following hose lay is in place.  A nozzle pressure of
100 pounds per square inch is needed.  What must the
engine pump pressure be?  There are fittings at each
bend in the line (five in total).

(Not to scale)

60
 ft

80
 ft

10
0 

ft

30
 ft

Engine
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The material in chapter 4 describes concepts of
measuring: flame length and height, angles,
degrees, and slopes. Reading clinometers and
graphs and pacing out a chain are also covered.

  4.1  Flame Length     Flame length is the distance
measured from the average flame tip to the middle of the
flaming zone at the base of the fire. It is measured on a
slant when the flames are tilted due to effects of wind and
slope. Flame length is an indicator of fireline intensity.

  4.2  Flame Height    Flame height is the average height
of flames as measured vertically   ,  up and down.  It may
be less than flame length if the flames are angled in the
horizontal direction       , backward and forward. See figure
4.1.

Figure 4.1—An approximation can be made by comparing the
flame height to an object of known dimensions, such as a
fencepost, firefighter, or pole.

  4.3 Angles    Angles are formed when two or more lines
come together at a point.  The amount an angle opens is
measured in degrees with a protractor.  See example 1.

The symbol for angle is “  .“
This angle measures 45°.

Flame
Height

Flame Length

Firefighters use angles everyday.  Some common ways
that angles are used are:

•  Determining position with a compass or on a map.

•  Calculating the slope of an incline in order to
determine whether a dozer can drive safely up it.

  4.4 Degrees and Protractor    Degrees are the unit of
measure used for angles, just as feet are used to measure
distance. There are 360° in a full circle. The symbol for
degrees is “ ° .”

A protractor is used for measuring angles. See figure 4.2.
A protractor is a half or full circle measuring device,
marked in degrees along the outer edge, with a straight
line running from 0° to 180°. There is also a small hole in
the center of the protractor. To use a protractor—

1. Place the hole of the protractor over the point of the
angle where the lines meet.

2. Make sure one side of the angle is on the zero line.

3. Read the degrees off the protractor where the line
of the other side is or mark a point along the edge
at the appropriate angle measurement.

Figure 4.2—Protractor.

Baseline Index
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Example 1—a) Measure angles 1, 2, and 3.  b) Add
angles 1 and 2.  How does that compare to the value for
angle 3?  Why?  c) Add angles 1, 2, and 3.  What is
significant about the sum of these angles? Does this make
sense?

Step 1. Place the hole (index point) of a protractor on the
point where the lines meet.

Step 2. Place the zero line of the protractor on the edge of
the angle.

Step 3. Read the degrees off the protractor where the
other line is (extend the line if necessary).

a)  Measure angles 1, 2, and 3.

   1 = 146°,      2 = 34°,     3 = 180°

b) How does the sum of angles 1 and 2 compare to angle 3?

The sum of angles 1 and 2 is 180 degrees.  Angle 3 also
equals 180 degrees.

Angle 3 is a straight line, so it follows that the sum of
angles 1 and 2, 180°, is also a straight line.

c) Add angles 1, 2, and 3.

The sum of angles 1, 2, and 3 are 360 degrees.

d) There are 360 degrees in a circle.

e) Yes, because the sum of angles 1, 2, and 3 is an angle
that goes full circle.

  4.5  Slope    Slope refers to the angle of the lay of the
land. Slope can be upward or downward. Slope is
described as rise over run.  Where the rise is the vertical
(up and down) distance and the run is the horizontal (back
and forth)        distance.

riseSlope   = 
  run

3

1
2

Slope Percent—Slope percent is the amount of rise,
vertical distance, as compared (in terms of percentage) to
the run, horizontal distance. Percentage means per 100.
Therefore, to find slope percent, multiply the slope by 100.

(rise)  
x 100Slope Percent  =

  (run)

Example 2—Find the slope percent.

Slope percent  =  8 feet   x  100  = 20%
40 feet

The slope percent is 20 percent.

Calculating Horizontal Distance from Slope and
Vertical Distance.
If the slope and the vertical distance (rise) are known, then
the horizontal distance (run) can be calculated.  The slope
percent equation can be rearranged to provide the
equation for the horizontal distance.

Slope percent  =  rise  x 100
 run

Rearrange terms:
Multiply both sides by “run.”

run  x  slope %  =  rise  x 100  x run
run

Divide both sides by “slope percent.”

run  x  slope %  =  (rise x 100)
slope % slope %

run   =  (rise x 100 )   =  horizontal distance
slope %

8 ft

40 ft
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Example 3—A hill has a slope of 8 percent.  The height of
the hill is 15 feet.  What is the horizontal distance?

horizontal distance  =  run   =  (rise x 100)
       slope %

Step 1.  Enter the given values into the equation.

Step 2.  Solve.

run  =  (15 ft  x  100)  =  1500 ft   =  188 ft
8 8

The hill has a horizontal distance of 188 feet.

Calculating Slope Distance from Horizontal and
Vertical Distance, using a basic scientific calculator with
a square root (√x ) function.

Slope Distance—Slope distance (h) is the length of a
slope. Slope distance can be calculated when the vertical
height (y) and the horizontal distance (x) of a right angle
are known. There is a right angle if the vertical and
horizontal distances are “true” to the vertical and
horizontal, respectively. See the following figure.

Use the equation: h2  =  x2  +  y2

where h = slope distance
x = horizontal distance
y = vertical distance

h  =  √(x2 + y2)
slope distance  =

√[(horizontal distance)2 + (vertical distance)2]

Rearranging terms:    x  = √(h2 –  y2)
horizontal distance =

√[(slope distance)2 – (vertical distance)2]

right
angle

y
 h

x

Rearranging terms:   y  = √(h2 – x2)
vertical distance =

√[(slope distance)2 – (horizontal distance)2]

Example 4—Calculate the slope distance.

h  = √(x2 + y2)

slope distance =
√[(horizontal distance)2 + (vertical distance)2 ]

Step 1. Change all the values to the same units. Change
to feet. Conversion factor is 12 inches  = 1 foot.

x = horizontal distance  =  41 ft 8 in
41 ft +   8 in     1 ft     =  41.66 ft  (round to 41.7 ft)

12 in

y = vertical distance  =  9 ft 4 in
9 ft  +   4 in    1 ft    =  9.33 ft  (round to 9.3 ft)

12 in

Step 2.  Plug in values and solve.
h  = √(x2 + y2)

h  =  √[(41.7 ft  x  41.7 ft) + (9.3 ft  x  9.3 ft)]
= √[(1738.9 ft2  +  86.5ft2)]

h = √(1825 ft2)  =  42.7 ft

Use a scientific calculator with a square root √x key. Enter
1,825 and then press the √x key. Instructions may vary
with different calculators.

In feet and inches?
h = 42 ft + 0.7 x 12 in = 42 ft 8 in
See appendix B.8

h = slope distance  =  42.7 ft  or  42 ft 8 in

h = slope distance = ?

x = 41 ft 8 in

y = 9 ft 4 in
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Example 5—A 25 foot ladder is placed against the side of
a lookout tower. The top of the ladder is 22 feet from the
ground.  What is the distance from the base of the ladder
to the building?

Step 1. Draw a diagram.

vertical distance  =  y  = 22 ft
horizontal distance  =  x  = ?
Slope distance  = h  = 25 ft

Step 2.  Use the equation for horizontal distance.
x  =  √(h2 - y2)
horizontal distance =

√[(slope distance)2 – (vertical distance)2]

Step 3.  Plug in the values and solve.
x = √[(25 ft  x 25 ft) - (22 ft  x 22 ft)]
x = √[(625 ft2  -  484 ft2 )]   = √[(141 ft2 )]
x = horizontal distance  = 11.9 ft  (round up to 12 ft.)

The base of the ladder is 12 feet from the building.

Example 6—A fire is burning and the flames reach a
height of 7 feet vertically, in a 10-foot span. Find the slope
percent and the slope distance.

22
 ft25 ft

? ft

7 ft

10 ft

Slope %  =   rise   =   7 feet    x 100  = 70%
run 10 feet

The slope percent of the flames is 70 percent.

h  = √(x2 + y2)
slope distance  =

√[( horizontal distance)2 + (vertical distance)2]
h  = √[(10 ft x 10 ft) + (7 ft x 7 ft)]  = √(149 ft2 )
h  = 12.2 ft (round to 12 feet)

The slope distance of the flame front is 12 feet.

The slope can also be determined from topographic
maps. See chapter 5.

Slope Angle from Slope Percent—The angle of the
slope is the amount of deviation from flat in terms of
degrees. The slope angle can be calculated from the
slope percent by the use of a basic scientific calculator
with trigonometric functions. Slope percent is change in
vertical distance divided by the change in horizontal
distance. This ratio is the tangent ratio for angles.

Calculating the inverse tangent, also called arc tan, of the
slope percent in decimal form, gives the slope angle.

inv tan of the slope percent (in decimal)  =  Slope angle

Example 7—The slope percent is 60 percent.  What is the
slope angle?

Step 1. Change 60 percent to decimal form. Sixty percent
means 60 out of 100. It can also be written 60/100 = 0.60.
See chapter 1.8.

inv tan of the slope percent (in decimal) = slope angle
inv tan of 0.6 = slope angle

Step 2.  Enter .6 into the calculator.

Step 3.  Push the inverse, inv, or 2nd button, then the tan
button to get tan-1. The calculator will show the slope
angle.

slope angle  = 31°

Instructions may vary with different scientific calculators.
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Using a Clinometer—A clinometer measures slope angle
or percent slope. It is used to measure the vertical angle
between two points in terms of degrees, or percent slope
as measured from horizontal. Sighting a clinometer is as
follows:

• Open both eyes in order to sight the object and read
the scale.

• There are two scales in the viewfinder—percent slope
scale on the right margin and slope angle on the left
margin. The vertical angle is in degrees. Verify which
scale is being read.

• Sight the clinometer from eye level to the object or to
a distant point that is also at about eye level.  Read
the scales for percent slope or degree of slope.

• In uneven terrain, place the clinometer on a pole at
eye level and read to the distant point on another pole
of the same height. This provides a more accurate
reading.

Example 8—Tom has a clinometer on a 5.0-foot pole. He
sights another 5.0-foot pole that is 24.0 feet away
(horizontal distance). He gets a reading of 20.0 slope
percent. What are the slope and vertical distances?

 20%

 Tom

horizontal line

horizontal line

Step 1.  Read the slope percent at 20 percent or the angle
as 11.3 degrees.

Step 2.  Use the slope percent formula to calculate the
vertical distance.
0.2  =   vertical distance     =  vertical distance

horizontal distance 24.0 ft

vertical distance = 24.0 feet x 0.2 = 4.8 feet

Step 3.  Use the slope distance formula to calculate the
slope distance.
Slope distance =

√[(24.0 ft x 24.0 ft ) + (4.8 ft x 4.8 ft)] = 24.5 ft

The vertical distance is 4.8 feet and the slope
distance is 24.5 feet.

  4.6 Chain, Pace, Walking a Chain    A chain is equal to
66 feet and is the basic unit for measuring distances in
fire-control work. There are 80 chains in 1 mile.

A pace is the distance on level ground between the heel
of one foot and the heel of the same foot, where it next
touches the ground while walking normally (two normal
steps). As everyone’s pace differs, it is important to
determine one’s pace length.

Walking a chain or chaining—To walk a chain, measure
several chains on level ground with a steel tape, marking
each chain with a stake. Walking normally from one stake
to the other, count the paces.  Divide by the number of
chains that were measured off to get the number of paces
per chain. A person’s pace will change depending on
whether pacing is uphill or downhill. Therefore, the
number of paces per chain will need to be recalculated as
above.

Example 9—Victor marks off 3 chains or 198 feet
(66 feet x 3 = 198 feet). He walks the distance in 36
paces. How many paces per chain is this? What is the
length of each pace?

36 paces   =  12 paces
3 chains chain

Victor walks 12 paces per chain.


