Basic Land Navigation

Estimating Slope

Slope is used by the operations section in several different ways: to estimate the amount of time it
takes to construct a fireline; to determine whether or not a dozer, engine, or hand crew can work in
a specific area; to calculate pump pressure needed to reach a location; and to calculate fire behavior
characteristics, such as rate of spread.

On incidents, slope is the degree of inclination or steepness and it is usually expressed in percent.
A one percent slope indicates a rise or drop of one unit over a distance of 100 horizontal units.

For example, a one percent slope rise would indicate a one foot rise over a 100 foot horizontal
distance. Slope can be calculated using a topographic map or it can be determined in the field with
aclinometer (see Chapter 4, Using a Compass and Clinometer).

To calculate slope using a topographic map, you will need to determine the following:

= \ertical Distance (also referred to as Rise) — This is the difference in elevation between two points;
it is calculated by subtracting the elevation of one point from the elevation of the other point.

= Horizontal Distance (also referred to as Run) — This is the distance from one point to the other and
is calculated by measuring distance with a ruler and applying the map scale. For example, if the
map scale is 1:24,000 and the distance between the two points when measured with a ruler is
Y inch, the horizontal distance would be 12,000 inches or 1,000 feet.

Slope can then be calculated using the slope formula:

Vertical Distance . x 100 = % Slope
Horizontal Distance

Another way to write the slope formula is:

Rise _
T x 100 = 9% Slope
Run ° P

There are a number of slope calculation aids in the form of tables that show the relationship between
map scale and contour interval. Be careful when using slope calculation aids because they are tailored
to specific map scales and contour intervals.
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Follow the steps in Table 2-2 to estimate the percent of slope between the two points on the
topographic map below.

Table 2-2. Steps to estimate slope between two points.

Steps Directions

1 Determine the contour interval of the map (40 ft.).

Determine the elevation of point A (9480 ft.). Then determine the elevation of point

B (9680 ft.).

3 Determine the vertical distance (or rise) between the two points by subtracting the
elevation of point A from the elevation of point B (200 ft.).

i Use a ruler to measure the horizontal distance (or run) between the two points

(2 inch). Use the map scale (1:24,000) to convert the ' inch into feet (1000 ft.).

Compute the percentage of the slope using the slope formula:

5 200 ft. + 1000 ft. = .20
Slope is 20%
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Estimating Aspect

Aspect is the compass direction that the slope is facing. On a topographic map, use index contour lines
(they will tell you the difference in elevation) and the north arrow to determine which direction the slope
is facing. Follow the steps in Table 2-3 to estimate aspect of the slope between the two points on the
topographic map below.

Table 2-3. Steps to estimate aspect

Steps Directions
1 Determine the elevation of point A (9480 ft.) and point B (9680 ft.).
) Sil?ce point Bisa hj gher elevation than point A, the terrain is sloping from
point B down to point A.
3 Use the north arrow on the map to determine which direction the slope is

facing, which is northwest. The aspect is northwest.
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Estimating Acreage

Area can be expressed in square miles, acres, blocks, square feet, or any other square unit of linear
measurement. This section discusses different methods for estimating acreage (area formula, dot grid,
planimeter, comparison, and GPS receiver). Refer to the Fireline Handbook (PMS 410-1),
Appendix Afor additional information on estimating acreage.

Area Formula

The most common method for calculating area is using the formula: length x width = area.

Areais always calculated in square measure, and the answer will be in square units (square feet,
square yards, square chains). When calculating area, typical units of measurements include:

= Linear units of measurement

12inches = 1foot
3 feet = lyard
5280feet = 1mile
66 feet = 1chain
80chains = 1mile
3.2808 feet = 1 meter

= Areaunits of measurement

1acre = 208 feet x 208 feet
1acre = 43,560 square feet
1acre = 10square chains
640 acres = 1squaremile
lsection = 1square mile*

1/2 section = 320 acres*
1/4section = 160 acres*
lhectare = 2.4acres

*Generally the size, but may vary due to surveying deviations.
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Following are three examples of how to estimate acreage using the area formula:

1. Whatis the acreage if the length is 2,640 feet and width is 1,320 feet? Remember that 43,560
square feet equals one acre.

Table 2-4. Estimate acreage using feet.

Steps Directions

Multiply the length by the width to get the area:
2640 ft. x 1320ft. = 3,484,800 sq. ft.

Convert the 3,484,800 sq. ft. to acres:

2 3,484,800 sq. ft. x _I acre = 80 acres
43,560 sq. ft.

2. What is the acreage if the length is 5 chains and width is 10 chains? Remember that 10 square
chains equals one acre.

Table 2-5. Estimate acreage using chains.

Steps Directions

Multiply the length by the width to get the area:

5chains x 10 chains = 50 square chains

Convert the 50 square chains to acres:

2 50 square chains x _lacre = 5 acres
10 chains
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3. What is the acreage for an odd shaped area that is 32 chains wide at one end, 16 chains wide at the
other end, and 48 chains in length?

Table 2-6. Estimate acreage for an odd shaped area.

Steps Directions

1 Multiply the length by the width to get the area:

48 chains x 16 + 32 chains = 1152 square chains
2

Note: To estimate the acreage for an odd shaped area, it is often necessary
to take two or more measurements across the area and obtain an average
length and width. The average width is obtained by adding the two
different widths (16 + 32) and dividing by 2.

2 Convert the 1152 square chains to acres:

1152 square chains x 1lacre = 115.2 acres
10 chains

16 CH

CH

32 CH
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Dot Grid

Adotgridisan inexpensive and readily
available tool that is used to estimate acreage
(Figure 2-15). There are many different types
of dot grids. Each dot represents a specific
number of acres depending upon the map
scale. Forexample, if you are using the dot
grid in Figure 2-16 on a 7.5 minute quad map,
each dot represents 1.434 acres, while ona
15 minute quad map, each dot represents
9.73 acres.

Figure 2-15. A dot grid is used to
estimate acreage.
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USGS Quadrangle Map Inch Acres Per Each Dot
Series Per Mile Square Inch Equals Figure 2-16. This is one example
of adot grid (not to scale).

7.5 Minute Quad 2.64 91.827 1.434 acres

15 Minute Quad 1.01 622.66 9.73 acres
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If adot grid has no scale or you are working with a map where the scale is questionable, it will be
necessary to calibrate the dot grid —which means you need to determine how many acres each dot
represents. Table 2-7 describes how to calibrate a dot grid.

Table 2-7. Steps for calibrating a dot grid.

Steps Directions

1 Determine map scale.
For this example, we will use a map scale of 1:24000 (1 inch = 2,000 feet).

2 Calculate acres per square inch.

This will often involve using the conversion: 1 acre = 43,560 square feet.
Example:

1 inch = 2,000 feet

2,000 ft. x 2,000 ft. = 4,000,000 sq. ft.

4,000,000 sq. ft. x I acre = 91.8 acres per sq. inch
43,560 sq. ft.

3 Determine acres per dot.

First determine the number of dots per square inch that are on the dot grid.
For this example, there are 64 dots per square inch.

91.8 acres & §q. 1. = 1.434 acres per dot
sq. in. 64 (dots)
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Table 2-8 describes how to use a dot grid to estimate the acreage of the fire illustrated below.

Table 2-8. Steps for estimating acreage using a dot grid.

Steps Directions

Place the dot grid over the incident perimeter; the position of the dot grid isn't

1 :
important.

Count all the dots that fall completely within the incident perimeter. Record the
number.

Count every other dot that falls on the boundary of the incident perimeter. Record the
number.

Add dot counts from steps 2 and 3. This cumulative number of dots represents the total
area being measured. Multiply the total count by the area represented by one dot to
arrive at the area measurement. In the example below, each dot equals 1.434 acres.

63 (approximate dot count) x 1.434 acres (area represented by one dot) = 90.3 acres
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Planimeter

A planimeter is a tool that can be used to measure acreage on a map (Figure 2-17). Use the planimeter
to trace around the perimeter a number of times to obtain an average acreage.

Figure 2-17. Planimeter

Comparison

Another way to estimate the size of an area is by comparing it to areas of a known size. For example, if
the area is entirely within a single section then it can be safe to assume it isn’t more than 640 acres; if it is
the size of a football field the estimate would be one acre.

Global Positioning System (GPS) Receiver

Several models of GPS receivers have the ability to calculate area (acreage).
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Estimating Distances

Refer to the map scale for measuring distances on the map. On 7.5 minute quad topographic maps the
engineer’s 20 scale ruler is a nice tool because 20 graduations on the ruler equals 1 inch which equals

2,000 feet.

To calculate distances you will need a map wheel (Figure 2-18), string, paper with tick marks, or other
measuring tool. A map wheel has a toothed wheel and as it moves it measures distances on maps. Set
the map wheel’s scale to match the map’s scale and then roll the wheel along the route to be measured.
Table 2-9 describes the steps to estimate distances using a map wheel.

Figure 2-18. There are different types of map wheels.

Table 2-9. Steps for estimating distances using a map wheel.

Steps Directions
1 Set map wheel to zero and calibrate using scale on the map.
2 Roll the map wheel along the distance to be estimated. Do this twice or more to get
an average.

Estimating Percent Contained

To estimate percent contained, use this formula:

Completed line distance x 100 = Percent contained
Perimeter distance

Page 2.27




Basic Land Navigation

Page 2.28




Basic Land Navigation

marn gt vww gy AW M MUY WYY UV ET ) P S Y I e LA T W

Z60ZZ VINIDHIA ‘NOLS3H HO 'SZZ08 0QVHO10D 'H3IANIA 'AFAHNS TWIID0T03ID 'S'N A8 ITWS HOA
SOHVONYLS AQYHNIOV dYW TYNOILWN HiIM S31dW0D dviN SIHL

133HS 40 HIINID Ly NOILYNIID3D ©aIE SIY] Ul PAYSI|GRISa UAAG JOU BARY Saul| pue

HiHON 2IINDVH OL61 ONY QIHD WD

anjq Ul umoys ‘ZT auoz

) 'S213 PP J0JEDUII | S5I9ASURS] |BSIBMUN JIRW-000T

13437 VIS N nava | DUOZ [B4JUSD JSaM

1334 um.v ._¢>m_Mu_.£~._ ,m_mﬁOMqZOU S1W ST ‘wayshs ajeulpiood Bulwokp uo paseq pud 10000001

sl [ s wnyep uesawy ylLoN £261 uonoaloid ajuoakjod

e Y

ILIWOTIH 1 o s t _H OLET Pa4234d piald "6961 uaue) sydeidojoyd

1334 0007 0009 0005 wor 000k 000z 000! [} ~o0ot z.-.._ ND 1eLaE Wouj spoyiaw duswwesdojoyd Aq Aydesdodo)

TN L — .In..ufﬁw N ¥ SDPISN Pue SOSM A9 jo3juod
“
Qo0¥e1 IS Aaning |eaiBojoan ay) Aq paysijgnd pue ‘palipa ‘paddey &

35 Al ELov

Checking Your Understanding

JOE LY 965 | (VSIW oIIHS) i6| | 1334 000012

T

scale and declination of this map?

If you are using a GPS receiver, what datum would you

What is the fractional
use?

Answers to “Checking Your Understanding” can be found in
Appendix B.

Fractional scale:

Declination:

Datum:

1.
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2. Listthe reference coordinates for latitude/longitude and UTM.

%, UNITED STATES
%#» DEPARTMENT OF THE INTERIOR
i’ GEOLOGICAL SURVEY
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Reference coordinates latitude:

Reference coordinates longitude:

Reference coordinates UTM:
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4.  Drawaprofile (similar to a line graph) of the land from point “a” to point “b.” Elevation linesare
marked in 100-foot increments. Hint: The elevation rises from the 100-foot contour line.

CONTOUR INTERVAL l10@

5. Usethe map on the next page to identify the topographic feature inside the rectangles lettered
A - F with one of these characteristics: stream, hilltop, steep terrain, ridge, depression, and flat
terrain.

A
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6.  Estimate the percent slope between Aand B. What is the aspect of the slope between Aand B?
The scale is 1:24,000 (1 inch = 2000 feet).

Slope:

7. Determine the equivalent unit of measurement for the following:

A.  25miles = chains
B. 1.5chains = yards
C. 29,040 feet = miles
D. 3chainsx20chains = acres
E. 1/8ofasection = acres

8.  Use the map on the next page to estimate the acreage (in acres) within 10% accuracy (+ or -) of
firesA-D.

A.

B.
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