INTRODUCTION TO TOPOGRAPHIC MAPS
c:\wou\geomorph\f2000\introlab.wpd
All of the following questions refer to the Monmouth, OR Quadrangle.

1) What is the fractional scale, contour interval, and magnetic declination of this map?
a) Scale: b) Contour Interval: c¢) Declination:

2) What quadrangle maps are located immediately adjacent to the Monmouth Quad.?
a) North: b) South: c) East: d) West:

3) What is the quadrangle size series of this map (in long. and lat.)?
4) What is the date of publication of this map?
5) What does the tick with 4956000m N. mean? (lower right of map)

6) What is the name of the major fluvial system flowing through this area. Of What larger drainage
basin(s) does this river form a part of?

7) What is the approximate elevation of the Natural Sciences Building based on the map
representation?

8) Given the fractional scale determine the following

5 inches on the map= Feet on ground = Miles on ground.
10 inches on the map= Meters on ground = Kilometers on ground.

9) A. What is the road distance in miles along Rt. 99 between Helmick State Park and Monmouth
city limits?

B. What is the distance in kilometers?
10) A. Determine the average stream gradients (in Ft/Mi) for the following drainages:

A. Willamette River: Gradient: Length:
B. Luckiamute River: Gradient: Length:

11) A. What is the highest point of elevation represented on this map?
B. What is the lowest point of elevation represented on this map?
C. What is the maximum relief.

12) A. What is the longitude and latitude location of the road intersection at Buena Vista
B. What is the longitude and latitude location of Davidson Hill?

C. What is the straight line distance in miles between these two points?



D. What is the azimuth bearing FROM Davidson Hill TOWARDS Buena Vista?
E. What is the quadrant bearing FROM Buena Vista TOWARDS Davidson Hill?
13) A. What is the nature of the topographic slope in the vicinity of the town of Monmouth?
C. What is the local relief between WOU and the Willamette adjacent to Independence?
D. Is the outline of the topography east of Independence relatively arcuate or irregular in outline?
E. What processes might have formed the pattern in D above?
14) Examine the cultural activity immediately north of Monmouth and Independence.
A. Write a brief assessment of the potential for environmental degradation to the surface and

groundwater of this area. List three types of water quality degradation (i.e. contamination) problems
that may exist in this area.

18. Determine the elevations of the following locations:
A. Wigrich
B. Oak Hill (SC)
C. Dicker Reservoir (NE)
D. Davidson Bridge (SC)

19. Draw a topographic profile along a line connecting Oak Hill (SC) to Vitae Springs. Use a horizontal
scale of 1 in = 4000 Ft, and a vertical scale of 1 in = 333.33 ft (see attached profile paper).

A. Determine the minimum slope grade represented on the profile in percent.
B. Determine the maximum slope grade represented on the profile in percent.
C. Where are the areas most likely associated with flooding?

D. The vertical exaggeration of a profile is calculated by: VE = H scale / V scale;
Calculate the vertical exaggeration represented on the attached profile.



Topographic Profile from Oak Hill to Vitae Springs, Monmouth, OR Quad.
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is 15" of latitude by
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There are four 7'/z-minute
guadrangle maps in each
15-minute quadrangle map.

used to discover changes on the landscape, and the
changes are overprinted on the maps in a standout
color like purple, red, or grav.

Contour Lines

Examine the image of one of the Galapagos Islands in
Figure 9.4, a perspective view of the landscape that
has been false colored to show relief. [t was made by
transmitting imaging radar from an airplane (flying at
a constant aititude}. Timed pulses of the radar mea-
sured the distance between the airplane {flying at a
constant clevation) and the ground. Overlapping
pulses of the radar produced the three-dimensional

FIGURE 9.1 Latitude and longitude geographic grid and
coordinate system. Earth’s spherical surface is divided into
lines cf latitude (parafiels) that go around the world parallel
to the Equator, and lines of longitude (meridians) that go
around the world from pole to pole. There are 360 degrees
(360°) around the entire Earth, so the distance from the
Equator to a pole (one-fourth of the way around Earth) is
90° of latitude. The Equator is assigned a value of zero
degrees {0°) iatitude, the North Pole is 90 degrees North
latitude (30° N), and the South Pole is 90 degrees scuth
latitude (90° 3). The prime meridian is zero degrees of lon-
gitude and runs from pole to pole through Greenwich,
England. Locations in Earth's Eastern Hemisphere are
located in degrees east of the prime meridian, and points
in the Western Hemisphere are in located in degrees west
of the prime meridian. Therefore, any point on Earth (or a
map) can be located by its latitude-longitude coordinates.
The latitude coordinate of the point is its position in
degrees north or south of the Equator. The longitude coor-
dinate of the point is its position in degrees east or west of
the Prime Meridian. For example, point A is located at
coordinates of: 20° North latitude, 120° West longitude.
For greater detail, each degree of Iatitude and longitude
can also be subdivided into 60 minutes (60'), and each
minute ¢an be divided into 60 seconds (60”). Note that a
15-minute (15") quadrangle map represents an area of
Earth's surface that is 15 minutes of longitude wide (E-W)
and 15 minutes of latitude long {(N-S). A 7.5-minute quad-
rangle map is one-fourth of a 15-minute quadrangle map.

perspective similar to the way that overlapping lines
of sight from your cyes enable you to sce in stereo,
Notice that the 1sland has a distinct coastline, which
has the same elevation all of the way around the is-
land (zero feet above sea level). Similarly, all points at
the very top of the green (including vellow-green) re-
gions form a line at about 300 ft above sea level, These
lines of equal elevation {i.e., the coastline and 300-ft
fine} are called contour lines. Unfortunately, the 1200-
tt contour line {located at the boundary between vel-
low and pink) is not visible behind Darwin and Wolf
Volcanoes in this perspective view, The only way that
vou could see all of the 0-it, 300-ft, and 1200-ft con-

tour lines at the same time would be if you viewed



RULES FOR CONTOUR LINES
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. Every point on a contour fine is of the exact same elevation;

that is, contour lines connect points of equal elevation, The
contour lines are constructed by surveying the elevation of
peints, then connecling points of equal efevation.
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Interpolation is used to estimate tie elevalion of a point B
located in line between peints A and C of known elevation.
To estimate Lhe elevaticn of point B:
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Extrapolation is used to estimate the elevations of a point C
located in line beyond points A and B of known elevation.

To estimate the elevation of point C, use the distance between
A and B as a ruler or graphic bar scale to estimate in line to
efevation C.
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Imagine graphic bar scale
between A and B. Extend
scale in line to estimate C.
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Contour lines always separate points cf higher elevation
{uphill} from points of lower elevation {downhiil). You must
determine which direction on the map is higher and which
is fower, relative to the contour line in question, by
checking adjacent eievalions.

. Contour lines always close to form an irregular circle. But

sometimes part of a contour line extends beyond the
mapped area so that you cannot see the entire circle
formed.

The elevation between any two adjacent contour lines of
different elevation on a topegraphic map is the contour
interval. Often every fifth contour line is heavier so that
you can count by five times the contour interval. These
heavier contour lines are known as /ndex contaurs,
because they generally have elevations printed on them.

10.

11,

12.

13.

14.

Contour lines never cross each other except for one rare
case: where an overhanging cliff is present. In such a case,

the hidden contours are dashed. 4
- QOverhanging

Dashied =0 """ e —" cliff
contour

. Contour lines can merge to form a single contour line only

where there is a vertical cliff or wall.

-

Vertical cliff

Eveniy spaced contour lines of different elevation represent
a uniform slope.

The closer the contour lines are to each other the steeper
the slope. In other words, the sieeper the slope the closer
the contour lines.

Steep Less steep

A concentric series of closed contours represents a hill:

Depression contours have hachure marks on the downhill
side and represent a closed depression:

See Figure 8.8
Contour lines form a V pattern when crossing sireams.
The apex of the V always points upstream {uphill);
Uphill \
[ << downstream
\\4\ (downhill)

Contour lines that accur on opposite sides of a valley
or ridge always occur in pairs. See Figure 9.9.
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FIGURE 9.6 Rules for constructing and interpreting contour lines on topographic maps.
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cach having an area of 1 square mile (640 acres). These
squares arc called sections.

Sections are numbered from 1 to 36, beginning in
the upper right corner (Figare 9.11B). Sometimes
these are shown on topographic quadrangle maps
(Figure 9.3, red grid). Any point can be located pre-
cisely within a section by dividing the section into
quarters (labeled NW, NE, 5W, 5E). Each of these
quarters can itself be subdivided into quarters and la-
beled (Figure 9.11C}.

GPS—GIlobal Positioning System

The Global Positioning System (GPS} is a constella-
tion of 28 navigational communication satellites in 12-
hour orbits approximately 12,000 miles above Earth
{about 24 of these are operational at any given iime).
The GPS constellation is maintained by the United
States (NOAA and NASA) for operations of the US.
Department of Defense, but it is free for anyone to use.
Since GPS receivers can be purchased for as little as
5100, they are widely used by airplane navigators, au-
tornated vehidle navigation systems, ship captains,
hikers, and scientists to map locations on Earth. More
expensive and accurate receivers with millimeter accu-
racy arc used for space-based geodesy measurcments
that reveal plate motions over time {Laboratory 2),

Each GPS satellite communicates simultancously
with fixed ground-based Earth stations and other GPS
satellites, so it knows exactly where it is located rela-
tive to the center of Earth and Universal Time Coordi-
nated {UTC, also called Greenwich Mean Time). Each
GPS satellite also transmits its own radio signal on a
different channel, which can be detected by a fixed or
handheld GPS receiver, If you turn on a handheld GPS
receiver in an unobstructed outdoor location, then the
recciver immediately acqudires {picks up) the radio
channel of the strongest signal it can detect from a GIPS
satellite. It downloads the navigational information
from that satellite channel, followed by a second,
third, and so on. A receiver must acquire and process
radio transmissions from at least four GPS satellites to
triangulate a determination of its exact position and el-
evation (Figure 2.2)— this is known as a fix.

Most newer models of GU'S receivers are 12 clan-
nel parallel receivers, which means they can receive and
process radio signals from as many as twelve satel-
lites at the same time (the maximum possible number
for any point on Earth). Older models cycle through
the channels one at a time, or have fewer parallel
channels, so they take longer 1o process data and usu-
ally give less accurate results, An unobstructed view
is also best (GPS reccivers cannot operate indoors). If
the path from satellite to receiver is obstructed by

trees, canyon walls, or buitdings, then the receiver has
difficulty acquiring that radio signal. It is also possible
that more or fewer satellites will be nearly overhead
at one time than another, because they are in constant
motion within the constellation. Therefore, if vou can-
not obtain a fix at one time (because four satellite
channels cannot be acquired), you may be able to ob-
tain a fix in another half hour or s0. Acquiring more
than four satellite channels will provide more naviga-
tional data and more accurate results. Most handheld,
12-channet parallel receivers have an accuracy of
about 10-15 meters.

When using a GI’S recciver for the first time in a
new region, it generally takes about one to three min-
utes for it to triangulate a tix. This information is
stored in the receiver, so readings taken over the next
fow hours at nearby locations normally take only sec-
onds. Consult the opcranonal manual for your re-
ceiver 50 you know the time it normally takes for a
cold fix (fivst time) or warsr fix (within a few hours of
the last fix).

GPS navigation does not rely on a latitude-longi-
tude or the pub ic land survey system. It relies on an
Earth-centered geographic grid and coordinate s Sys-
tem called the Warld Geodetic Systen: 1984 or WGS 84.
WGS 84 is a datum {(survey or navigational frame-
work) based on the Universal Transverse Mercator
{UTM) grid described below.

UTM—Universal Transverse
Mercator System

The U.S. National Imagery and Mapping Agency
{(NIMA) developed a global military navigation grid
and coordinate system in 1947 called the Universal
Transverse Mercator System (UTM). Unlike the lati-
tude-longitude grid that is spherical and measured in
degrees, minutes, scconds, and nautical miles {1 nau-
tical mile = 1 minute of tatitude), the UTM grid is
rectangular and measured in decimal-based mctric
units {meters).

The UTWM grid {top of Figure 9.12) is based on
sixty north—south zones, which ave strips of longitude
having a width of 6°. The zones are consccutively
numbered from Zone 01 (betwoeen 180° and 174”7 west
longitude) at the left margin of the grid, to Zone 60
{between 1747 and 1807 east longitude) at the east

margin of the grid. The location of a point within a
zone is defined by its easting coordinate—-its distance
within the zone measured in meters from west to east,
and a northing coordinate—its distance from the
Equator measured in meters. In the Northern Hemi-
spherc, northings are given in meters north of the
Equator. To avoid negative numbers for northings in



UTM Zone Numbers
0120304050607 08081011 12 1314151617 18 192021 22 2324 2526 27 2820 3031 23334 353637 38394041 42 43 44 45 46.47 48 495051 52 5354 55 5657 58 5060

84
= 2700 B P %
% _ | e |
w
o -f y
T3 00k [ -
t T
0?40
Z s
= 32 R
24 -
- e | Q
16 = p
8 ~
N
Equator 0 -
8 . . M
18 P
224 - )
TE
§-% H
0340 : "
S g - , 1 P
64 = D
72 - =
80 = HC
288338883 NBTRHINNILIENILERYIB BB
Degrees west ongitude Il ‘E Degrees east longitude
|
Il
f

126° 120° 114° 1087 102° 96" 90° 84" 78" 72° 66"

10 19
! J' I\.I \\
UTM zones of the T
48 conterminous | ! ! =y
United States Zone 18.
{CONUS) _ nocth of

equator

Easting is 384333 meters
east of the starting (western)
edge of UTM Zone 18

Northing is 4455250 meters
north of the equator

FIGURE 9.12 UTM and GPS. A handheld Global Positioning System (GPS) receiver cperated at point X
indicates its location accerding to the Universal Transverse Mercator {UTM) grid and coordinate system,
North American Datum 1927 (NAD27). Refer to text for explanation.
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the Southern Hemisphere, NIMA assigned the Equa-
tor a reterence northing of 10,000,000 meters.

Since satellites did not exist until 1957, and GPS
navigational satellites did not exist until decades later,
the UTM grid was applied for many years using re-
gional ground-based surveys to determine locations
of the grid boundaries. Each ot these regional or conti-
nental surveys is called a datum and is identified on
the basis of its location and the vear it was surveyed.
Exampies include North Awierican Datign 1927
(NADZ7r and North American Datunr 1983 (INADS3),
which appear on many Canadian and U.S. Geological
Survey topographic quadrangie maps. The Global Po-
sitioning System relies on an Earth-centered UTM
datum called the World Geodetic System 1984 or WGS
84, but GP'S receivers can be set up to display regional
datums like NAD27. When using GPS with a topo-
graphic map, be sure to sct the GPS receiver to dis-
plav the UTM datum of that map.

Study the illustration of a GPS receiver in Figure
9.12. Notice that the receiver is displaying UTM coordi-
nates {based on NAD27) for a point X in Zone 18 (north
of the Equator). Point X has an casting coordinate of
E384333, which means that it is located 384333 meters
cast of the starting {west) cdge of Zone 18, Point X also
has a northing coordinate of N4455250), which means
that it is located 4455250 meters north of the Equator.
Therefore, Point X is located in southcast Pennsylvania.
To piot Point X on a 1:24,000 scale, 75 minute topo-
graphic quadrangle map, see Figure 9.13.

Point X is located within thL Lititz, PA 75 Minute
Series (USGS, 1:24,000 scale) topographic quadmnbie
map (Figure 9.13). Information printed on the map
margin indicates that the map has blue ticks spaced
1000 m apart along its edges that conform to NAD27,
Zone 18. Notice how the ticks for northings (blue) and
castings {green) are represented on the northwest cor-
ner of the Lititz map—TFigure 9.13B. Onc northing
label is written out in full {¥56%9m N) and one east-
ing label is written out in full (384%™ Ey byt the
othoi values are given in UTM shorthand for thou-
sands of meters (1.e donot end in *™). Since Point X
has an easting of E384333 within Zone 18, it must be
located 333 m east of the tick mark labeled 849%™ g
along the top margin of the map. Since Point X has a
northing of N4455250, it must be located 250 m north
of the tick mark labeled as 55 in UTM shorthand.
Distances cast and north can be measured using a
ruler and the map’s graphic bar scale as a reference
(333 m = 0.333 km, 250 m = 0.250 km ). However,
vou can also use the grap hic bar scale to construct a
UTM grid like the one in Figure 9.13C. If you con-
struct such a grid and print it onto a transparency,
then you can use it as a UTM grid everlay. To plot a

point or determine its coordinates, place the grid
overlay on top of the square kilometer in which the
point is located. Then use the grid as a two-dimen-
sional ruler for the northing and casting. Grid over-
layvs for many different scales of UTM grids are
provided in GeoTools Sheets 1-3 at the back of the
manual for vou to cut out and use.

The UTM system described above is known as the
crotfigin UTM grid and coordinate systein, and 1t is the
systern vou should use in vour work in this manual.
The U.S. Department of Defense has modified this
civilian UTM grid to form a Military Grid Reference
Systemn (MGRS) that divides the zones into horizontal
sections identified by desigiator letfers (Figure 9.12).
These sections are 8° wide and lettered consecutively
from C {between 80” and 72° south latitude) through
X (between 727 and 84° north latitude). Letters [ and
O are not used.

Compass Bearings

A bearing is the compass direction along a line from
one point to another. If expressed in degrees east or
west of true north or south, it is called a gquadiant bear-
img. Qr it may be expressed in degrees between 0 and
360, called an azimutl bearing, where north is 0% (or
3607%), east is 90°, south is 1807, and west 1s 2707, Lin-
ear geologic features (faulls, fractures, dikes), lines of
sight and travel, and linear property boundaries are
all defined on the basis of their bearings.

Remember that a compass points to Earth’s
magnetic nortis (MIN) pole rather than the grid sort:
{GN) pole that was used to construct the UTM and
latitude-longitude grids of a map. Therefore, a dia-
gram at the margin of every topographic map shows
the declingtion (degrees of difference) between MN
and GN.If the MN arrow is to the right of GN, then
subtract the degrees of declination from vour compass
reading,. if the MN arrow is to the left of GN, then add
the degrees of declination to your compass reading,.
These adjustments will mean that your compass read-
ings are synchronized with the map. However, the
magnetic pole migrates very slowly, so the declination
is exact only for the year listed on the map.

To determine a compass bearing on a map, draw
a straight line from the starting point to the destina-
tion point and also through any one of the map's bor-
ders. Align a protractor (left drawing, Figure 9.14) or
the N-S or E-W dircctional axis of a compass {right
drawing, Figure 9.14) with the map’s border, and read
the bearing in degrees toward the divection of the des-
tination. Imagine that you are buying a property for
vour drcam home. The boundary of the property is
marked by four metal rods driven into the ground,
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A. Map margin indicates that the map includes UTM gnd data based on North American Datum 1927
(NAD27, Zone 18) and represented by blue ticks spaced 1000 meters (1 km) apart along the map edges.
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Step 1 Step 4 Vertical Exaggeration

On most topegraphic profiles, the
vertical scale is exaggerated
{stretched) to make landscape
features more obvious. One must
calculate hovs much the vertical
scale {V) has been exaggerated in
comparison to the horizontal scale
(H.

The norizontal scale is the map's
scale. This map has an H ratio
scale of 1:24,000. which means
that 1 inch on the map equals

0 s Y2 ~ 1 mite 24,000 inches of reat elevation. It is
e e 1:24,000 the same as a H fractional scale of
1/24.000.
Step 2 .
p& e 2 On the vertical scale of this

topographic profile, cne inch eguals
120 feet or 1.440 inches (120 feet
% 12 inches/foot). Since one inch
on the vertical scale equals 1,440
inches of real elevation, the
topographic profile has a V ratio
scale of 1:1.440 and a V fractiona!
scale of 1/1,440.

The vertical exaggeration of this
topographic profile is calculated by
either method belovs:

Method 1: Divide the horizontai
ratio scate by the vertical ratio

scale.
H ratio
— scale _1:24,000_24,000_, ...
) e S e s~ S == =SS Vralio  1:1,440 ~ 1,440~ "7
oo | Topographic ProfileA-A” | | scae
oo """ || Method 2: Divide the vertical
o U D o e e ,.__/_-"’_7 I fractional scale by the herizontal
L;- — fractional scale.
§ MO T sweam " ] | viactiona
L I e < RIS e e o _scale ?_f",ﬁ@_ﬂ,_24._00;0_}57\,
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Paper strip with elevations noled beside tick marks.

FIGURE 9.21 Topographic profile construction and vertical exaggeration. Shown are a tepographic
map {Step 1), topographic profile constructed along line A—A’ (Steps 2 and 3), and calculation of
vertical exaggeration {Step 4). Step 1—Select two points {A, A’), and the line between them {line
A-A"), along which you want to construct a topograpnic profite. Step 2—To construct the profile,
the edge of a strip of paper was placed along line A~A’ cn the topographic map. A tick mark was
then placed on the edge of the paper at each point where a contour line and stream intersected the
edge of the paper. The elevation represented by each contour line was noted on its corresponding
tick mark. Step 3—The edge of the strip of paper (with tick marks and elevations) was placed along
the bettom iine of a piece of lined paper, and the lined paper was graduated for elevations (along its
right margin). A black dot was placed on the profile above each tick mark at the elevation noted on
the tick mark. The black dots were then connected with a smooth line to complete the topographic
profile. Step 4— Vertical exaggeration of the profile was calculated using either of two methods.
Thus, the vertical dimension of this profile is exaggerated (siretched) to 16.7 times greater than it
actually appears in nature compared to the horizontal/map dimension. 189



