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. It'has been said that' America’s space program

awakened mankind to the significance of the warn-
ing of conservationists and environmentalists that
the Earth is indeed finite. It was “Christmas Eve,
1968, that NASA’s Apollo 8 rounded “the Moon
and \ﬁook pictures.of the Earth plctures that thrill-

ed TV viewers the world around. The sight inspired

‘Archibald MacLeish to write in the December 26,

1968 New York Times:

“For the first tir'ne in all of time, men have’

seen the Earth: seen it not as continents or
oceans from the little distance of a hundred
miles or two or three, but seen it from the

- .depths of space; seen 1t whole and round and
beautiful and small ... . a tiny raft.in the enor-
mous empty night.”

[
-

The sight brought home to man for the first
time tae importance of his giving careful thought
to makng the best use of his resources on this
“tmy rafb.”’

It has also been said that America’s space pro-

bgram provides man with the promise of solving the

problems concerneéd with his wise husbanding of
the Earth’s resoulces
The flights of NASA’s weather satellites.and its
Geminis and Apollos showed man the possible uses
of Earth observﬂ]onq from space. The flights of

NASA’s Skylab plus ‘those of its LANDSAT 1l and~

2 made clear that this potentlal could be realized.
From the information gained by such observations,
mankind might successfully plan its future use of
" Earth’s resources ‘in such pursuits as land-use plan-

ning, agriculture, water resources management,'

fishing, forestfy, transportation and mining.

' Thls publlcatlon Whats the Use of Land? is
oner of the first efforts in social studies teaching to
show how NASA’s space observations can lntegr'lte
with other data.sources in social studies, as well as

cin- env1ronmental education, It is a valuable, pio-
ﬁng effort in curriculum literature of the socml

' st)fdles |

. The 1dea {or. undertaklng a socxal studies in-
-'.structlonal unit in this little-understood but<impor-

tant area of ma] kind’s progress grew out of a:

'NASA sponsor d conference conducted by

. cial studies.

- County, ¢

-

NASA's Educatlonal Programs D1VISlon and the Na-.

tional Council for the Social Studies at the Mar-
.shall Space Flight Center in June 1974. Present

., were NASA scientists and educationists who dis-
“cussed the social ‘iniplications of science and tech-

nology with selected cumculum leaders of the so-

-~ [l

" Among those. present were Anthony dJ. Pemllo,
Director
Colorado; Public Schoels, and Francis 1.
Tallentire, a member of the Skylab Education Pro-

gram team at neighboring’ Denvar’s Martin ‘Marietta

Aerospace, who was serv1ng as a Conference con-
sultant. After their discussions together and later

with colleagues, a committee fronv the Jefferson

County Schools assisted by Martin Marietta person-
nel developed and used this teaching-unit.

I‘or those social studles cducators interested 1n'-

environmental education, not only as an area of

societal concern but also as a field for interdisci--

plinary instruction and school-community involve-
ment, thisthow-it-can-be-done guide shouid prov1de
useful loeas and helpful suggestions.

Appre01atlon is expressed to Dr." William-C.,
Schneider, NASA’s Deputy Associate Admmlstra-
tor for Space Flight, and Mr. Tom Hanes of his

/Staff who served as the Skylab Educational Pro-

gram contact, whose interest and support made the .
Marshall Coriference. possible;;ta Dr. Frederlc_k B. ..
‘ Tuttle, Director of NASA’s Educational Programs,

and Mr. Robert S. Tiemann, Educational Programs
Officer, NASA, for coordinating this rublication

activity; and to Dr. Ted Paludan, of the Earth Re- :

sources Office at the Marshall Center, whose work
with thet?onference inspired this effort.

l ©

We. appreciate t,he 1n1t1at1ve and creativity of

the Jefferson County Public Schools in conducting
this project, partlcularly the contrihution of Mr,
Petrillo and hls\colleagues, Mr. Williafn White, So-

cial Studleb Coordinator; Ms B. d. Meadowq Envir-

onmental Education- Coordinator; Mr.. Harold J.
Pratt, ' Science Coordinator; Mr. Alan B. Swanson,
Science Teacher, Columbine High School;

*Creek Senior High School; and Mr. William C. Von
Vihl, Social Studies Teacher Carmody Junior High
School. .

. ' L F
) :

of Secondary Educatibn, .Jefferson’

.- -

Mr. -
Calvin G. Johhstoh, Social Studies Teacher, Bear



. For evaluation 6f the publication, we thank Dr.
Wendell F. M“Bumey, Director, Office of Sponsor--
ed Programs, Indiana University- Purdue University.
. .at Indianapolis; Dr. Lee Summerlin, Associate Pro-
fessor, School of Natural Sciences, University of
Alabama in Birmingham; Mr. Edward C. Stoever,
dr, School of Geoltgy and Geophysws University

. of Oklahoma, and Dr. James R. Wailes, Professor

~ of Suepce Education, University ‘of Colorado. .

' To the Army Corps of Engmeers _particularly
Ma]or Peter J. Novembre and Mr. Larry S. Buss,
~appreciation is expressed for assisting the project .
with mformatlon on: dams and’ the 1965 Colorado -

Flood

\ >

Prefaae

In 1973 Lhe National Aeronautics and Space
Admlmstratlon published a”series of books with
the general title of*‘Skylab Experiments.” The ob- |
jective of these books was to show the educatlonal _
community that scxentmc information derived in ¢,
" ‘the NASA Skylab space station program would be

~ available for use in the schools of the natlon

S '
"There. are many ways “in Wthh mformatlon
from space programs can be used in €ducation. The
- ‘Tnost readily appreciated way is to use the results
of an investigation to up"date science curricula.

.'Th_ensamg results, or the information used by
. . the investigator*in reaching the fesults, also can be
b applied to educational needs. Information obtained

L]

- To Martin Marietta Aerospace, Denver, appreci-

ation is expressed for theinvolvement of its Skylab '

Education Program team in this worthwhile educa-
tion project, particularly for the services of Mr
Francis I. Tallentire, who provided initial inspira-.
tion and continued assistance, and his associate Mr.
Gayle A. Parker. «

e,

\"

National Aeronautics and Space Administration

A\.

Washington, D. C. 20546 -

December 1976

'

. from programs dedicated to observatlon of Earth

P

from high altitudes is partlcularly applicable.-

" The*threg¢ crews who manned NASA’s Skylab

spacecraft between May 1973 and February 1974

obtained thousands of photographs of Earth. Simi-

larly NASA’s two LANDSAT spacecraft have been
- photographing Earth since mid-1972. '

. This document, prepared as a part of the on-
going educational activity of the National Aero-
- nautics- and Space Administration, shows how
‘these pictures of Earth can be combmed with in-
formation - from several other sources to aid in

“teaching several .school curriculum topics. It also.

provides an example of the valué of using informa* '

tion~ from many sources in the’ process“of‘evalu-

' atmg events'and making de01510ns
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I. introduction
The first ideas for this.book developed at a
meeting -at the George C. Marshall Space Flight
Center in Huntsville, Alabama. The National ‘Aero-
nautics and Space Admlmstr'\tlon (N ASA) invited
_several members of the National, Council for the
Social Studies to a meeting where the objective was
to discuss ways and means for NASA Lo better
serve the socml studies branch of the toac hmg pro~
fessmn

s ae . ,/

¢ At this .aceting, a NASA Earth re sourco% scien-
tist described a nationwide land use survey made
by ‘a large number of students in Great Britain us-
ing data froni on-site studies in the field. That sci-
‘entist also showed the results of a survey of the
state of Tennessee made by two people in only a
few days using remote observations from Earth or-
bital satellites. The thought that students could
“make similar surveys stimulated the wntmg of this
publication. |

P

~ A new flood Lontrol dam Lo he lomted iy, the
. arca of Denver, Colorado, becante the cer Luakjopi(

- in-a program involving a wide variety of curriculum

ficlds, such—as mapmaking, local community his-
tory, physical geography, mathematics, and envi-
ronmental studies, Conscquently; a prototype of 4
m'lltldmcmlmaw ymt ‘concept was developed for
later incorporation’ by the Jefferson County curric-

» ulum team. This sjudy concept is.the major part of

this publication. By describing in-detail, the Cross-
disciplinary activities that result ﬁom this specific
study, similar actlwtles may be stimulated in pro-
grams of other schools. In fact, enough detail on
every study aspect is included so that any study

. L7 . .
" group can conduct this same land use investigation

The concept of a studchQ land use survey was -

discussed with the curriculim development team

of the Jefferson County Public Schools in Colo- -

\rado In thesé discussions it soon became apparent

hat the curriculum potentials included much more. B

an .a classroom acf\ﬂty involving mapping the
tures on_ the gmund in the area of study.

. surveys.

by only using the data-contained herein. K

This publicafion is divided into three major sec-
tions. Sectign IH describes the multidisciplinary
unit Loncept, and includes suggestions for other

1and use studies. Section IV gives ‘advice on where

to obtain datz for surveys and how to usc the data.
The third major section is an appendix that dis-
cusses the” different factqrs that influence the use
of land. This is included hs a reminder of the fac-
tors that should be considered in making local land.
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Obgectwes

Thn £rime objective of this publlcatlon is to
stimulaie in the mind of the educational reader an
awareness of the role that can be played in educa-

(tional programs by information generated in ad-

\\S/anced technology programs, such as alrcraft or
pacecr'lft land surveys.

Using data from such programs, educational
materials can be prepared that are valuable ad-
juncts to existing curriculum materials. The appli-
cation of such data can enrich curricula by provid-
ing more up-to-date information than published

- texts may achieve, and can foster studies of local

features to a level of‘detail that standard texts can_
never achleve.
v
A second objective is to show the reader how
to get the information needed and siiggest ways in
which the information can be applied.

While the main- thrust 6f the document is di-
re¢ted to the educators, it has equal pPotential as a-
guide to members ¢f noneducational professions.
Local community planners may benefit from the
knowledge -of available information and.its applica-
tion potential. '

.
M -
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A. A Concepj//

Th min{trators for the Jefferson CounLy
Publie chools near Denver, Colorado, are contem-
ating 2 land use unit using mformatxon anmred
from space programs as an addition to their curric-

-

¢

“ula. The unit is designed, not only as an exercise in _
the-use of data from many sources including ad--

“vanced technology programs,in land use studies,

but also.as an introduction fo the investigative

‘processes that arg necessary to reach sound conclu-
sions. To be able to d}fu)e/the objectives of a
study, to be able to.idefitify what data are required
and. analyze the data, and to recOgmze and evaluate
the interactions between elements of a study are all
mdi’s;)ensable steps along the way to ratnonal solu-

tlons of problems
~ Fi

¢

Table 1 The Need The Location, The Effect

Land Use Studies -

o

A flood control project near Deriver, Colorado, .
was selected as the subject of this unit.

Table 1 is a matrix that shows how varfous
school disciplines can ‘be applied in the study of

three aspects of the dam. It shows what curriculum

elements apply to the evaluatlon of the need of
such a flood control project. It shows how other
elements are.applicable to a study of this Tocation -

- of the dam and to a study of the effects of-the dam

on the natural and man-made environments.

g

. This flood control project is now in work; con:

: struction work has staxted and property in the area -
is being relocated. Therefore, the students can .
actually verify some of their classroom conclusmns

by observations in the field. | ~

i N

L

. ' 1S THE DAM REALLY
. NEEDED?

’

WHERE SHOULD IT
BE LOCATED? -

WHAT IS THE EFFECT
OF THE DAM?

SOCIALSTUDIES /[ o
L ‘MA_PPIN"G SKILLS - SOURCES OF FLOODING.
/ DRAINAGE BASINS.
PHYSICAL GEDGHAPHY

CLIMATE ,/ :

/
'

WEATHER £TATISTICS

/
 PREHISTO Y

\ ,
NAN&THE ENVIHON HISTORY OF THE COM-
MENT | MUNITY., -
- \ | IMPACT ON THE' UHBAN
SN\ AREA. - '
\ J STATUS OF CURRENT ECO:
a SYSTEM,

| FACTORS INFLUENCING

LOCATION.

STATISTICS ﬁETE‘HMINE

RESERVOIR CAPACITY

TRACEABILITY OF
EARLY INHABITANTS.

ADVANTAGE/DISAD-
VANTAGES OF-0THER

LOCATIONS.

1

CREATION OF A NEW LAKE.
RELOCAT!ON OF ROADS, ETC.
SOURCES OF MATERIALS.

POSSIBLE-OBLITERATION OF SITES.

: . .
RELOCATIO OEPEOPII_E&APBOPEHTY.
NEW RECREA ON AREAS. - '
URBAN IMPROVEMENT. |
IMPACT UPON E7OSYSTEM.

EAHTHSCI\E'NCE. | co-
GEO'OGOALHISTOHY ‘

B

I \
\ - \

I

GRAVEL INDUSTRY.
EROSION IN CANYON.

- e
PHYSICAC‘S({IENGE “ DEFINITION OF THE FLOOD

'RIVER FLOW RATES.

DEPOSITION AT MOUTH,

R THREAT. DAM STRUCTURES. R
‘MATHEMATIES . ° ANALYSIS OF. MAPS, j
\ . VOLUME OF 5 g
- Y VALLEYS. )
j'\ ! ’
o\ :
"-.“ 5 + N
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An outline of the multidiscipline study devel-
oped by and for the Jefferson County Schools is

presented in the following section,

The outline is divided into four areas: A. the
major goals of the unit; B. the ultimate outcomes

of the, unit; C. the topics to be taught: and D.

Tevaluatibn.

&

As a guide to teachers and cufriculum devel-
opers, the first part of scection B has been devel-
oped in some detail. Descriptions of the study ac-

. tivities are given. Copies of the data necessary for

the study have been included, together with illus-
trations of some of the techniques to be ¢jnployed.
Additional copies of the illustrations in this section
have been provided in full page” format as tear out
pages at the back of the book so that they can be
used as originals for classroom work sheets or for
transparencies for overhead projectors. ’
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1 CURRICULUM OUTLINF

(TITLE) COMMUNII’Y PROBLFMS AND MFTHODb OI' QOLVIN(x THEM
:’(UNIT PROBLEM) WHAT ARE THE PROBLEMS TIIAT ARISE FROM THE F LOODING OF URBAN
AREAS" ,
7
Un1t Descrlptlon <Students -who take this unit will develop a recognition that the solution of com-*
" mumty problems requires information. #nd skills from many different disciplines and fields of human
activity. The Protective measures being undertaken to prevent disasterous flooding of the Denver Metropoli-
tan area will be used as an example of the ways that several disciplines must be applied to understand and
solve a community problem. In the search for solutions to the various aspects of this problem, students will

apply various fields of study : mathematics, physical science, Earth science, social studies, and others.

A, Ma]or Goals of the Unrt - .

1. To establlsh student awarbness of the potential flooding problems that may exist in many urban

. ‘_areas and of the processes that must be applled to understand the uses and misuses of land.
' 2 To develop student understandlng that problems may have many aspecfs. and that their solution
requires the appll(.atlon of information and skills from many fields of human activity:
> 3. To evelop the students ability. to reeog‘mze the environmental effects of natural and human.
‘ activity. S

e

4. To develop strrdent unde‘fstanding of the natural and maiifmade'e'lvir011ments

‘5. To develop student awareness of the responsibilities 1mphclt in man’s use*of land to fulflll his needs
- or desires. .

3

.OXF ) o 1

.Bsx Ultimate Outcomes of the (}nit' .
1 Knowledge or mformatlon to be leamed To complete the stud}; the students should be able to:

a. 'Identlfy the main features on aerral photographs and dlfferent types of maps.

b. Determme the slzeS of the drauuge basms of river systems thdt flow into the metropolitan area:

-~

c. Determine the volume of water that can flow into the metropolltan area under flood conditions.
" d. Define the threat to the community posed by flooding. .
e. Define the factors that influencﬁe.‘-thé location of flood control dams.

f.- Understand the different types of dams and how they support lOddS

- Understand the 1mmed1ate and long-range effects of the constructlon of a dam on the natural
i~ and man- made envrronments

2. Attitudes to be developed At the (.onclu51on of this unit the students should be able to:

L —— e T

a. Demonstfate an awareness of the value of different sources of mformatlon in the solutlon of
problems. «_ y o . R, .




7’
‘b, Demonstmte an ablhty to objectively evaluato large- scalo environment-affecting events in a
manner-that shows awareness ¢ 'md/)z(dexstfmdmgoﬁ the many aspects of the situation.

c. Demonstrate the ability to e}m’l{gte the [actors that influence the use of tand. -

d.. Understand the.ways thatQifferent value orientations influence the use of land.
Skills to be used study/iﬂ;{thv unit. At the conclusion ()f-this unit the students should be ahle to:

s

2l

a. Demonstrate il/érprotauon‘ of maps and photographs. -

b. Demonsirate the ability to analyze mups and photographs to détermine the size, areas, and
volumes of features.

,

¢. ldentify the types of'information required to conduct land use surveys. :
d. Demonstrate awareness of the' characteristics of the local ecosystem.
C.. Topics To Be Taught: .
1. The different types of maps, and how can they be used. . \ v
2. The human, geglogical, and climatic history of the community.
Y v S
3. The preva'ilina climate in the 1‘egion. o : I .
4. The environmenti of the area undel study, and the condmons of Lhe mtmal and man-made environ- -
ments. ) N g - | : :
. 5. The effe( 'ts of hy nldmg or not bu.ldmd the dam on Lho natuml al"d manifiade envnonments
6. C'il(,u‘dtmg the volumc of the valleys in which dams mlght bo built.
g . "
7 The mdm Lypes of dam used throughout tne world.
D. Evaluation: I : ‘ _ . -
. Examination of map reading and photoglaph mterpre}tlon e. g determine scale SIZe areas, and
. elevations of valleys, stréams, cities, ete. L. ..
2. Exammatlon of understandmg of theTelevance of physmal sme'u,e and mathematlcs to commumty ,
problems. i o '
©8. Essay examinatich on how -to make a particular" typé: of land use study. Given a problem and
. informatiof from various sources, the student should be able to use'the necessary . analytlcél Skl]lS to
*rive an objective solution. E LN
4 s : - P
— 4. Essay exanﬂmdtmn on the many features and mteracttons that make up what is called “the en\/lron—_
ment ” ' LT : :
B ’//"' . ) 4
5. Exammatxc}p of the students’ undevst'mdmg of thb applxcatlon of dlfferent sklll'ﬁ and mfoxmatlon in
the g/uel/l ‘problem solving proces< . :
T S
\- ”/i: \\ \'\': : Y, 2 \‘c \n N "‘ \: Y ° ‘A:r ‘(
. ) . ' . . . = e .
<) . T - LA W . -
. : . : } . /
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- a. Identify the main features
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2.I -EXAMPLES OF STUDY ACTIVITIES

The following are examples of specific activ-

“ities listed in Section B.1 of the preceding currieu-

‘tive to local conditions, th.
© the dpplopnal(' maps and photog.apne o the local

southwest of Denver,

lum outline. These activities are designed to make
the student familiar with some of the studies and
decisions that must be made before any flood con-
trol project ¢an begin. These activities are based on
the development of the Bear Creck dam to be built
Colorado. All of the specific
activities are in such detail that gre !

in other areas can use the dats

room_exercise without any a

If a group desires to perfor

N

bt
area.

In some cases the information provided relates
specifically to the dem under construction in Colo-
rado. In other
that could be applied to any area.

on aerial photo-
graphs and different types of maps. The materials
required are' U.S. Geological Survey (USGS) maps
of the area of interest; aerial’ photographs of the
same area; and, possibly, other maps such as oil
company maps that will show a larger arca in a
more convenient form than the requisite number
of USGS maps (you may need more than one
USGS map).

Thd Department of the Interior provides acrial
photographs at several scales at reasonable cost. It
will be best to buy the USGS map and then ask for

- photographs at lhu same scale. Depending on the

region of the country to be studied, there mlg,ht be
significant differences in Lhe dates wlwn the map’
was ‘drawn and the photog raphs were taken. De-

taited comparison of both will reveal the changes.
that_Mad taken place in the time between the tave

presentations. !

Figures 1 and 2 are, respectively; an acerial
photogxaph and a pmtlon of a USGS map of the
location of the Il()o(l control dam project al th(-
same scale. :

o 4

Detailed examination of both images will reveal

‘many similarities and differences. “As would be ex-

pected, the photograph shows much more detail,
Trees, the shapes of houses, driveways, and the
shapes of ficlds and their cultivation patterns are
all visible in the photograph and could not be ex-

cases discussion themes are given

~

N

b. Determine the sizes of ths

pected te be included in the: map. For example,
cultivation patterns might vary from vear to year
and awvould therefore be quite inappropriate forin-
clusion on a map.

Other differences can be recognized. Some
roads and streets do not appear on the map be-
cause the map was prepared in 1965 and the
photograph was taken in August 1971,

To aid in the comparison of the two figures, a
transparancy can he made of the map (Fig. 2) to
use as an overlay on the ph(xt«wm h. The type of
tmn.sp:uency used on an over vojector witl be
ideal.

irmmage basins of
-ver systems that flow into the metropolitan area.
The materials required in this activity arer USGS
maps of the areas that drain into the metropolitan
photographs such as those available from Skylab or
LANDSAT, and relief maps of the area, if avail-
able, This material can be obtained as explained n
item a. above and in Section 4 A “Where to Obtain
Remotely Sensed Data.”

The extent of a river drainage basin s defined
by the ridges that divide the flow of water to the
river under study or-to the neighboring river. The
technique used to identify this boundacy on a map
is to follow each river upstream from o stariing
point, such as the point where the ll\'l'l enters the
metropolitah arca, -

Each
source.

tributary  should be  followed to ats
After a few tributanes have beep ‘vaved, ot
will be cusy to recognize the general pattern of

tributaries instead of having to trace each strelim,

T relief map of the area is casier to interpret in
this ac llvn'\»k.. Tho Gha(lmg used to represent valleys

‘and mountains Shows lh(' ridges very clearly,

H o rbli(!f map is not uvuilublv, the ﬂmv Adrree-
tion in & drainage system and the divides between
drainage systems can be determined by carefully
analyzing the direction of the contonr lines along
the course of a river. . ’

Figure 8 is a simplified example of the shape of
contour iines in a valley and along a ridge. A valley
can be recognized by the way the contour hnes
make a V pointing toward the higher altitudes. The
contour lines defining a ridge make Vs pomting
the other way.
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LEGEND:

————— DRAINAGE BASIN
BOUNDARY

“Figure 3 Schematic of Dra‘inage Systems

Real maps are not quite as simple as this. The
..contour lines wander about much more than the
example shows and require much nore careful
" tracing. ; S
..~ Having plotted the boundaries of the drainage
v‘areas, it is easy to find the area. The arca of the

shapes on the map can be measured by overlaying a -

- grid and counting the squares.

11

The area in squar¢ kilometers is given by the
expression: ' : v

- Map Area (square centimeters) x Map Scale?
100,00})2 (number of centimeters in kilometer)®

Figure 4 is a USGS relief map of part of Colo-
rado. It shows the river systems that drain into the
Denver metropolitan area. The river valleys and the
ridges between are very casily recognized.
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F zrfﬁrc 4 USGS Relwf Map of (,cntral Colorado

the
~Kvitab space station at .
aeters. This can he con
help trace-the courses o
rivers, the tribuwiarie . and the ridges between
ipies can be made of the “tear » copy of
Figure 4 on which the students can plot the out-
lines of the four drainage basins upstream of
Denver. The river systems of interest are, reading
clockwise “from the c¢ity, Cherry Creek, Plum
Creek, South Platte, and Bear Creek/Turkey Creek.

Figure 5 is a ol e i oof part of san

taken from > Y=\
tude of over o kil
ed to the relicr  ap

ouL

Dams are shown across the Cherry Creek River
sontheast of the oty (C0oary Creek Laxe) and the

Soath Platte southwest . the city  (Chatfield
i.ove). The Chatfield La: Dam is located immedi-

nftuenee of the Soutr
te and Plum Creek. 'T% flood threat from thes
~drainage basims is 1o diminished because of
Shatfield and Cherry Cveek dams,

ately downstream of th

577 *;*J\ Y

S PROPOSED BEAR o REEK LAKE
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A one-cetimeter grid can
estudent’s plots of the drai
Figure 6. Students can estima,
ritge basins by counting square

aperimposed on
Dasins oy shown
“he areas of the

- ~

Figure 6 is a plot of the fo. -
Only the main channels of.cac:y -
been included. A transparency, su- - as an overhead
projector transparency, can made rom the
“tear ow T copy of rigure 8, and this can be used
as an ov.orlay to simplify the task of checking the
studoents” drainage area plots.,

aras age basins,
the rivers have

be

- . ) +

The Cherry Creelk and South Plate/Plum Cre: k™

drainage arcas shown on Figure 6 have been termi:

nated at the Cherry Creek and Chatfield Dams, re-

spectively. The Bear Cl‘(‘('l\’/'l‘ﬂ"k(‘_\' Creek drainage

arca has been terminated at the site of a new dam
that is under construction.




Figure 5 Skvlei  otograph of Contral C
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~ The scale of Figures 4 anq 6 is 1: 779,500, i.c.,
1 centimeter represents 7. 795 kllometon
‘the above equation the arcas cun b(‘ galc tlated. The
values listed in the following t'xble also can be used
to check the students’ amwers, -

.

Usmg.

RIC

DRAINAGE MAP FULL SIZE AREA

AREA AT «  |“AREA, R
DAMSITE~ - 1 sgem “sqkm sq miles

. 7 .

CHERRY CREEK: - 15.1 918 . " 354
PLUM CREEK: 13.35 811 313
| SOUTH-PLATTE: "110.38 6707 2590
BEAR CREEK/ 10.23 622 220 | .
TURKEY CREEK: : EE

Yo

- Determine the volume of w'lter that can flow.

mto the Metropolitan Denver area under flood con-
ditions. The estimation of water flow at a point in
a river system is complicated. It involves several
variables. First, rainfall ‘amounts must be_deter-
mined for the area being studied to estimate the
volume of water collected.

Rmnf‘lll data (.m h\' uht.um‘f] !'rnm the \u.
tional Weather Service, The neitrest office of this
service should be listed in the white pages of the
telephone diréctory under the . heading .
States G()\—t‘rnnu-n Commere, . I-)ur;mr(:m:\t {42’"'

The \’d(,i(lndl \\ vather Service publishes sverage
rainfall data for all offie ial weather atations, The

service also computis statistical values of maxi
mum rainfall for the purpow-. of vmlu.t!xm: Tlenied

hn/ards T . . 0

. i R g X
The Corps of Fngineors of the TN Army alao |

has dovelopod a statistical method of estimating
storm rainfalls angl ﬂof)d« Their method uws s
“plot of storm’ rainfall intensities ac r()« the eountry,
Figure 7 is a caopy -of a plot of oq\ml ramnfall lines
(isohyets) for the United States cast of the Conti.
nental Divide. The rainfall values represont the
-maximum average depth of rain falling in 24 hours

dex rainfall,”™ Another graph is fised to factor’ e
24-hour index rainfall to make allowanes for dif-
ferent durat sns of rainfall ‘and dif foren:

storm areas. Figure 8 is a' copy of this graph

overa zop*‘?quan -mile arva, Th\)n called the -

b E’xlh’\'f'

szt of
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- . Figure 7 Index rR.ainfal'I"Plots ‘East of Continental Divide S . Cor

C _ K u : - ° 20,000 AN\ -
; Theée‘"l.t'wq;'ﬁgures can be used in-the following ‘ T\ \\\ ;
way to find"the rainfall over the drainage basin 10.000} \ \\\ — ' ‘g‘f

AN

-areas derived in the preceding activity. From Fig- .

-ure 7'an,_§nde,.‘( rainfall value of 8 inches can be 5.000
derived for the Denver area. Then, entering Figure ‘
8 at an area representing the Plum Creek drainage-
basin—approximately 300 square miles—and a
storm duration of -!* hours, a ratio of about 110%
‘can be-obtained. Ti:is gives a theoretical rainfall

depth value of 8.8 ir ‘hes. Using this tigure and the
area of 313 square r-.les, the volume of water col-
lected can be calculated: o

1,000 : g O Y
| \ \)Y

N
500 — — \O
30~ — — | — — | —"— \+—

8.8 inches Rainfallxx 313 square mueslx ' ’ . ' I \ /

*

‘STORM AREA IN SQUARE MILES

12 inches in a foot

L ' 100 ,
5280? (feet in a mile)® = o S

6.399 x'10” (6.399 billion) cubic Tect. : . s

1

= - .

b+ . : N

Another variable to be considered is the rate of - o

" runoff—that is, the rate at which the rain water o )

drains into the rivers. This is influenced‘by many a0 60 80 100 1120
factors, The wetness of the ground determines how A ... % RATIO |
much water is soaked up by the soil and how much  Figure § Index Rainfall Ratio (In Percent)

- : v g 15 o
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* can tun’ off. The slope of the terrain—nhillsides, val-
S leys, eY
ater ri f

\A,lso the shape of the terrain in the flood plam
greatly influences the nature of the flood. If the
river ruris through a narrow, steep-sided valley, the

_.water will retain its high velocity and will sweep
away structures in its path. If the terrain is flat, the
¢ water w111 spread oyer.a wide area, and the velocity
" will be very “fow. Mud and silt w1ll ‘be deposited,
_and the damage suffered by the community in the

: ﬂood-plaix’a will be the result of soaking.

ns off,

\

‘,

Because of the many varlables estlm Hion of
flow, rates: is beyond the scope of th..

aruderig,

Hoavever, ,tihe) students will have developed some -

c.—governs the velocity with whlch the -

i
s

awareness of the amount of water 1nvolved in- a
ma_]or stoxm

To give the student an lndncatlon of the way a™
heavy storm hecomes a serious flood, an example
of one flood is included. A serious storni in June
1965 caused considerable damage to the City of
Denver and to the South Platte Valley all the way
downstream to the Missouri River. -Figure 9 is a
plot of rainfall depths recorded in the head waters .

“of the valley in the two days of the storm. Meas-

uréd discharge rates in'some of the rivers have been

- included on the plot to show how runoff
1elated to ramfall Aflowar of 1544

ond was rec orded on Plum Creck, For'

Ol o, the highest flow rate’recorded the pre-

vious year was 290 cubic feet per second. The high-

can b
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interestihg aspect o_f_ this 1nformatlon is that BIJOU
Creek is normally bone.dry.

d. Define \t\he threat to the community posed by
flooding. A flood in a river basin can pose a threat
to a commuﬁlty if there s a possibility ‘of struc-
tural damage, \e(,onomlc loss, or loss of life among
the residents of\”the flood plain.

\

The: \best way to 1llustrdte this concept is to
study a spec1flc case—the flood that occurred in
June 1965 in the valley of the South Platte in
-Colorado and Nébrasl«l Th study begins by
“briefly describing the flood plan area in terms of
Ipotentlal -damage. \Then, a ¢ scription of the
weather conditions that precipitated the flood fol-
lows. Lastly is a desm‘lptlon of the types of damag=
that occurred, with a" summar} of ‘the economi
cost of the flood to the, commumtles in the flood
1pla1n .

1 D cr-rmtmn of the flood plaln area: The thll‘t)
.¢ommunities. that exberienced flooding in June
1965 had a total population in 1960 of about
1,000,000. These communities ranged in size from
‘metropolitan Denver (population : 929,383)" to

- three towns of less than 100 persons each. Outside

‘of metropolitan Denver, the largest communities
* that experienced floo&m0 were Greeley, Colorado
" (population 26,314), and Sterling, Col(gmdn {(popu-
lation 10,751). )

‘Metropolitan Denver ranks as the twenty-firth

- largest metropolitan area in the Unite:l States. [t
“serves as the. marketing and distribution center of
the Rocky Mountain area, and the commercial, fi-

nangial, manufacturmg, professional, and cultural

hub /of thls vast region. Its leading in-lustries hy

order of “rank .are manufacturing, retail trade,

wholesale trade, tourism, publicutilities, service in-

dustrnes,q construction, _finance, and mining. In

; 1960 there- were 353, 823 persons omployed in the

Denver metropohtan area.

)

The South Platte Rlve1 basin contains approxn-
mately 15.5 million acres of land and water—12.7
‘million acres are in farms and ranches(of which
*-980,000 acres are mrlgﬁted and 11 133}00 acres
are nonirrigated. leevtéck and lide products
_make up 48 perce« ¢ of the value =f all farm prod-
“ucts produced in t::e basin. Fieldicrops produce 39

N

o SO :
N A

~F

percent of\'\ﬁ\\alué of farm production, and the

remaining 13 percent result from dairy, operatious,
poultry, and. Tru it and truck crops. The major field

,_clops producéd ;ue wmter wheat, alfalfa, corn,

ghum;” gram so_rghum, oats, potatoes, rye, and

“spring wheat. [rrigation plovides the stable base for

th - xum] economy of the basin.
interstat SRSUTEN n U.S. high- ‘
way:. . S8 st hue eavs o Lorse the South 7T

Platte Lusv. . basin. (it densities on the inter-
state routes range from 12,000 to 50.602 vehicles
daily. }
v \‘\ B

The basin is served by six railroads. The Union
Pduflc the Chlcago Burlington and Quincy; a and
the Chicago, Rock Island and Pacific Raxlroads
traverse the basin along east-west routes. The
Atchison, Topeka and Santa Fe; the Denver, Rio
Grande and Western; and the’ Colorado and South-’
ern Railroads cross the basin along north-south”
routes. "All
Denver, Colorado

Colorado’s high mountains and incomparable
scenic beauties, vast forests, numerous fishing and
hoating waters, and ‘winter sport areas make the
state a year-around vacation land for mllhons of
visitors annually. In 1964 more than 6 million ® vm-

tors spent an estimated $505 million.in the State )

of Colorado. The number of visitors of all vacation

of the railroad routes converge on -

categories increased ahout 30 pereent from 1960 ™ -

to 1964 and their spending me lv.m-d ahmxl 29 per- :\

cent.

9. The weather conditions. During the afternoon

~ of June 16, unprecedented amounts of-rain (esti-

mated up to 14 inches in a few hoursat Larkspur,

Colorado, and 10 inches near Castle Rock, Colo- -

rado) fell on the drainage arens of Eastand West
Plum Creeks in the foothills of the Palmer Lake
area. The average 6-hour rainfall over 1,000 square-
miles was '4.8 inches. Again, on the 17th of June,

" heavy rains occurred across eastern Colorado. A,

17

‘the Falcon, Peyton, and' Fords,

series of 12- to 14-inch centers -were reported in
Colorado area
northeast of Colorado Springs. Average B-hour
rainfall va]ues of 18 inches or more during this
periord- were’ reported near Two Buttes and Holly,
Coles 'do (se:- Fig. 9).

"nsett]‘pd weather (.'(mtv,'inuod until Jul.s'r 26,"
1965, with repeated rainfall and runoff in areas of

)

-
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carlier flooding. Durixixg the peridd July 23 to 26,
the storm pattern also extended over the fOOthl]]S
areas of the Bear Creek and Clear Creek water-

. sheds,
. 3. The The streanis of the
Platte Ko ich tloodmg occurt

ing Junc ana ‘ - shown on Figui 10,
Flooding began on ihe . th< m tubutanes on June
14. As.the storm moved southward, maJor flooding
occeurred on Plum Creek, Cherry Creek, Sand
. Creek, and Toll Gate Creek on the South Platte
vaer and its downstream trlbutanes-\-—the Cache La
Poudre River, the Big Thampson Rlver and on the .
right bank tributary streams (Box Elder Kiowa,
Bijou, Badger, and Beaver Creeks). The Plum Creek
and Bijou Creek basins received thé more intense

H -
V

{ . . .
rainfall and experienced the higher peak discharges.-
During July, *Plum Creek, Cherry Creek, Sand
Creek, and the Bijou Cxeek basins experienced re-
peated flood runoff that hampered recovery opera-
tions an<! caused addltlonal damage, particularly to
tempc ' © am crossings constructed to accom-
modate tralfic 1ffer the bridge destruction in June.

*Moreover, R Creek and Clear Creek, in the met-
ropolitan area of Denver, experienced flooding dur-
ing the July storms. These two streams had been
outside the area of major storm runoff in June.

“In terms of total damages, the damages in-
flicted by the flood runoff of the“northern triby-
~taries of the South Platte. River were ]lmlted to
road closings and moderate damages to farmlands,

~r

‘ ~.“@
&y -
N P ~
\
. - — 13 e — s
LARAMIES o~ - o o ~
aall - EQ&AE | REEX
N
/ LONE anvENNe- SAow
- WYOMING il NESRASKA
TTOTTLE S
. / NORTH o g P
“\ A, .
( " % .
" } CACHE G 3 \ . c;“““".?s:'ﬁ
. : % Newe, v,
. = / ) : ‘b(( y . » ‘(q L
& o.p ” 4, n
~, (3 7> -
- . k 9 3 ‘% .
LR 7 Goo PIVER () e /
PR \\ﬂ_/ N Hipp ST HOLEY S B>SE 3
TR ’:vs 7 * . - }
\) ﬂ'\.E THOM g | ~t lﬂu "
<& 5 / .
\, Vaa, v g\k \ <& .
N a‘- ) &
E & /
|
i e LUPTDN W ,
10 0 10° 2 )
e e e |

B>
p \,1
ERO RES ‘q &
o< e &
| L
TN ELeven it

\C,AA{VO‘N RES o~

‘

SCALE IN MILES A

fopmar? ~
FLOODED STREAMS JUNE 1965
P

WYOMING ' NEBRASKA -

‘Figure 10 Rivers Draiﬁing Into South Platte
w

18

O

ERIC

Aruitoxt provided by Eic:



Il
I4.

roads, bridges, and ur ban property The flood dam-
ages. experienced on the streams that received, the
full brunt of the storm runoff defy*adequate. de-
scription - without an mtlm'lte knowledge of pre-
flood conditions and th> benefit of personal in-

-specthn In the Plum (Creek basin, interstate h1gh-rj -
way br1dges and sectlons.of highway, which by rea- -

‘sonable standards were adequate to pass major
flood flows, were demohshed by the extremely
high discharges and stages Heavy road construc-
tion equipment such as'road graders, huge dump
trucks, and cranes ‘which h'1d been parked in the
Plum Creek flood plain were\ almost completely
buried under masses of sedlment Farther down-
stream, farm buildings located as m\uch as a quarter
of a mile away from the stream bank were carried

away New stream <hannels appeared "where the -

buildings formerly stood. As the flood proceeded
downstream, heavy debris, consisting of huge up-
rooted trees, parts of structures cars, trucks, fuel

tanks, and trarlers was carried on the crest of the

.flood  wave "and slammed intd other structures
When the Plum Creek; flood entered the ‘South
“Platte River,.it spread out into the wider South

After the Plum, Greek flood passed through :

Denver, it was Jomed by the flood discharge from.,

Sand Creek which, together with its tributary Toll
Gazte Creek, had just passed through another sector

of metropolitan Denver destroying bridges and pri- '
vate property. The combined flows then passed on :
downstream in the South Platte valley destroying-

or damaging roads, bridges, irrigation structures,
and agricultural property in the irrigated areas of
the valley. The flood flows from the upper South
Platte basin, were Jjoined successively by the floods

* coming out ‘of the Cache La Poudre River, Box

Elder Creek, Crow -Creek, and Kiowa Creek. The

flood crest gradually diminished as it passed down-

stream in the South Platte River valley until it was
joined by the flood discharge’from Bijou Creek,

which was later computed to have. been 466, 000

cubic feet per second. This flood volumeothen in-
creased 'the area of inundation and destruction for
an additional 190 miles along the South Platte
Rlver and approxirhately 35 miles along the Platte

. River valley dowustream from North Platte,
Nebraska. The volume. of flood flow contrrbuted ’

Platte valley. While this valley storage served to-

' reéduce the flood crest,: the damages inflicted on
retropolitan Denver suggested initially that no ap-
.preciable reduction in the flood crest had occurred.

Houses bridges, trucks, trailers and cars, as well as .

large quantities of material trom commercral and
mdustr1a1 inventories, were added to.the destruc-
tlve force of the flood crest. After the flood wave

passed downstream, the aftermath of debris, silt, o
and mud presented a scene of desolation that could

only partially suggest the hear tbreak and despair of
the flood victims. In many instances, the losses suf-
fered by property ewners represented the accumu-
lated capital assets of a lifetime of hard work that

were destroyed. in a brief period of less than an

hour 3

i

el

Flgure 11'is a m'rp of a portron of the city of
“Denver. On it is indicated the extent to which the
South: Platte, spread. A simple count'of the number
~of buildings .that are enclosed by the flooded area
will give a strong impression of the extent of dam-

- age oaused by the flood. \\

[
N

. Fig res' 12 and 13 are photographs taken after
the flood rhad subsided. These illustrate clearly
~what sort of damage can;occur: The areas covered
by th’ese two photographs are indicated on Figure
11.. i ‘

.19

by the upper South Platte River.and Bijou Creek

was joined by the flood dlscharges of Badger and .
Beaver Creeks as the floods proceeded dOWnstream '

N

toward the Platte Rlver

Throughout the South ‘Platte basm, 108

brldges, including federal, gtate and county high-

way bridges, as well as crty bridges, were destroyed

- or Severely damaged. Nearly every highway and
._railroad brldge crossing the South Platte River ard
 Plum, Sand, and Toll Gate Creeks was damaged or

’

destroyed \Several state bridges and most of the

county brld\ges across Kiowa Creek, Commanche

Creek, and Cherry Creek also were damaged or de-

stroyed.. Although many bridge approaches were
washed out on Beaver Creek, Lone Tree Creek,
Lodgepole Creek awnee Creek, Crow Creek, and
the* Cache La Poudre River, only a few -brjdges
were totally destroy d in these drainage -basins.
Ragl;oad damage’ throughout the entire area was
severe, with. numerous \brldges damaged or de-

- stroyed and trackage and \)allast washed away. It is

estimated that from 700 to'900.riles of highways,

* roads, and railroads sustame\d\;varymg degrees of

damage. ¥,
N
. _ N )

The floods in the South Platte Riyer basin took
13 lives. Four lives were lost on Plum\Creek,‘three
o1t the Cache La Poudre River, two on Buou Creek,
two on Beaver Creek, and one each on the. B1g
Thompson River and Cherry Creek

I



The costs of urban flood damages in the catego-
ries of-residential, commercial and. industrial, pub-
lic utilities, publicly-owned facilities, and miscel-
laneous catégories are summarizad in Table 2. The
miscellaneous ° categories include. such -items  of
damages as public and private cleanup, flood fight-
ing, power and telephone, facilities, protection of -
floded properties, public relief activities, presefva-
tion of public health and prevention of disease out-

" breaks, and others. . !

" Table. 2 also summarizes rural flood damage
costs in the categories of farmsteads, livesfock,
crop and cropland, itrigation sty_{;ctu);e’s/gpdfeq_uip'—' :
ment, and miscellaneous categoties;” Miscellaneous
categoriessinclude damage to rural power and tele-
phone' companies, debris removal, .fences and: -
_ equipment lost, pest control, and preservation of '
health. -~ - .- - '

0.

Transportation facility damage.costs in the cat-
egories of city streets and bridges, state highways
and bridges, county roads and bridges; railroads
and trucking facilities, and cargo and traffic.de- ~—-.
tours and delays, are included ig/Table 2, ' ’
. 6 S

°No estimates Mave been made of the extra
man-hours of work required because of the flood, ;.
nor of the lost productivify caused by work inter- .-
ruptions, traffic delays, and extra hours required to .. .~
perform normal agtivities. Such items-as troops as-
signed to patrol flooded areas®in, metropolitan
Denver, . 1000 extra ‘men put to work on initial

_ Figyre 13 6th Avenue Looking SW |

Tablg 2 Summary of FIc_)od Damage’in the South Platte Dra’i?;age Basin, June 1965-

v
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URBAN DAMAGE
o T - PUBLICLY . g
By . - OWNED . / - :
RESIDENTIAL COMMERCIAL UTILITIES CFACILITIES -~ MISCELLANEOUS ~ TOTAL
-.1$11,280,800  $166,070,600 .$75,322,200 $ 4,353,500  $ 4,131,500 $191,159,000
‘.43_RIAL A.MAGEn A .
A R o " . IRRIGATION , o :
~ {ACRES -~ 7 ' ' CROPLANO STRUCTURES. ~ _ - o
"< |FLOODED .~ FARMSTEADS 'LIVESTOCK, - ANOCROPS,  AND EQUIPMENT . ~MISCELLANEQUS FI0TAL
- o ) P . ‘i ] ’.’1 ,.»"' N T ] . llf‘;‘ r!_.: .
7 252,925 - $ 3,993,000 $ 3,689,000 1  §$ 20962000  $15,741,000 $ 8220000 ~ $52,505,00
 IDAMABE TO HIGHWAYS, BRIOGES, AND TRANSPORTATION ‘ o // ’
s : N R e
Ty i , ) e
- |STREETS 3 _ . RAILRDAO & A
 |sno STATE HIGHWAYS COUNTY ROADS TRUCKING TRAFFIC DELAYS, .- . :
- |BRIDGES AND BRIDGES AND BRIDGES. FACILITIES® ~ AND DETOURS ~~ TOTAL b
{8 1,202,000~ $- 16,573,000 $21,441,000 - $125,434,000 $ 6,662,000 * $171,312,000 ’
. N .1'
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: c]ean-up of flooded areas, the use of C-119 Flymg

: Boxcars to ferry emergéncy supplles to the stricken
area, and Red Cross relief expenditures of almost
+~$900,000 for immediate relief of over 1400 familes
or individuals in Denver alone can only hint at thé
totq] amount of related flood costs. In an effort to
preyent outbreaks of encephalitis, $300, 000 was
spent to spray more than 194 ,00C acres of flooded
larxg} nevertheless, numerous cases were reported.
Mény communities had to rely on bottled water
g‘1suv:>p]1es ‘and the loss of utilities resulted in wide-
spread®and prolonged disruption of normal activi-

3;,); ties. The destruction or damage to major traffic

:
-

y flood control dams.

arteries in metropolitan Denver and throughout the
basin caused severe disruptions of normal traffic
movement and commerce. Moreover, the disruptive
. effec:- of the initial damage and destruction of
bridges, highways, and streets were compounded
by repeated.flooding in.July and by damage to the
temporary crdssingd constructed after the June
.floods . :

The flood 1n the SC)uth Platte’ Va]]ey in June.-~"
1965 was @ disaster to}the metropohtan Denver:

area and to the smal]e communities-on down-
stream. It was a rare,ogcurrence inthe histoty of
the city. The | ood of comparable magnitude

to occur agamy

7

B(:ontrast, consider the situation in the

/Mlssls51pp1 Valley. Each year wide areas of the val-
e

ley are flooded. The economic-cost of any of these
floods is measured in millions of dollars compated

e LR

The materials needed for ‘the study are pii-

. marily U.S. Geological Survey maps of.the area,

Figure 2 is a copy of the map of the area whete the'
Bear Creek Dam is planned to be built. The loca-
tion of the dam is indicated by the heavy line A A,

The ]ake to be retained behmd the dam can.
vary in size and depth depending on the amount
and flow rate of water coming down the valleys -
feeding it. The. Corps of Engineers, who are the
designers of the dam, have identified three water '

levels that are 1mportant in the desrgn of the flood .

,control facility. ,
These are the mu]tlpurpose pool, the flood
contro] pool, and the maxlmum pool
. \
v - The multlpurpose pool is'the area of water per-
manently contained behind the dam. It is planned”

.. for use as,a “recreational .area, ahd the altitude- of

~_was in 1864. Becafise of the-dams that have béen-
constructed, or ar belng constructed 1t is unlikely

the water surfa(.e will be 5558 feet

- T

The flood contro] poo] as its name implies, is ..
considered to be the size_of lake’ that will form.
when a major storm causes serious floodmg condi- <
tions, The water surface.can reach as high as
5635.5 feet. : )

&

The maximum poo] is an extreme deslgn case
and represents the amount of load that the dam is’

. required to support: The Nater ]eve] of thlS lake 1s

 5684.5 feet.:

'

Using the c]evatlons of the three lake surfaces

' the students can find the size of each lake by fol-

_ with the ‘mere thousands of dollars in the South .

Platte floods. Ironically, the Mississippi floods are

caused by weather conditions that prevail a thou- :
“sand miles Upstream from the scene of the flood, -

Other floods can be caused by the backing up
" of "water in bays, rivers, and estuaries caused by

low1ng contour lines on Figure 2.

Havrng p]otted the three lakes, the students -
could study the location of the dam and- detérmine:
for themselves if other positions in the area would -

~ “be more or less practical. For example, an alterugs

-.storm ‘conditions over the oceans. For example, the -

- floods.in Bangladesh in November 1970 were the

- result of a cyclone in the Bay of Bengal. A 2330
square-mile area was flooded "and about 30,000

persons were kl]led ,

The factors that the dam

e. Defme the factors that mﬂhsgce the location of- V

bullder must .consider in choodsing: the site for a
dam are best-illustrated by dlscusslng a particular
‘example—the Bear.Creek dam in Co]orado about
10 mlles southwest of Denver

C . ) . ..

~ tive location has been indicated by-dashed line B-B.

The line crosses the road a quarter mile down from

_the dam site, dnd it has been rotated to ensure that -

the south end contacts Mount Carbon .

Cross sections of the va]]ey can be plotted by 4
measuring the widths across the valley at each con- -
tour line. Comparisori of the cross sections at A-A-.
and B-B will show that a dam at B-B would have to

" beé about one-third bigger than at A-A and that its
“top could be no higher than Mourtt Carbon is at

that point, i.e., 5680 feet. Figure 14 is an example . |
of such a plot. The shaded arga shows the differ- =
ence in size, . .
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- Figure 14 -Comparison of Dam Sizes for Two

Locations in Bear Creek. Valley

. Another location could be a quarter mile up-
stream. The embankment would then be smaller
than at position A-A, but the high water mark
would extend right up to the edge of the city of
Morrison. | S

Figure 15 shows another location; that is to
locate the dam in the narrow canyon above Morri-
son. The valley is much narrower than below the
city so the dam would be shorter. But for that

reason the dam must be much higher to retain the
same volume of water. Just how much higher the
dam must be can be determined by calculating the
volume of the valley. !

The calculation can be made hy plotting cross
sections of the valley at various lecations, such as
at Points 1, 2, 3, 4, and 5 on Figure 15. The lines’
on the map at these locations extend across the.
canyon from the 6400 foot elevation on one-side
to the 6400 foot elevation on the other.

It will help to select a vertical scale that exager-
ates the depth somewhat. Figure 16 is an enlarge-
ment of a plot of the cross section at Point 1. It
was plotted on Y inch grid graph paper. The verti-

- cal scale was selected at %4 inch equals 200 feet or

60.96 meters. The horizontal scale was the same as
the map, i.e., 1:24000. Therefcre a horizontal
quarter inch represents _ - - :

SCALE 1:24000

AR
LT G N

AL )

“Figure '1'5 Alternate Upstream Bear Creek Dam Location

Q

E

Aruitoxt provided by Eic:
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0.25 inches x 24,000 (map scale).

- — = 1524 meters
©39.37 (inches in a meter) ’ v

Consequently, a qu)éer inch square on th..-
cross section plot repfesents a rec tangle 152
meters wide by 60.96 moeters high, 9290.3 syuary
meters in area

, To find the area of the valley cross sectionat is
now only necessary to count how many quarter
inch squares are covered. Irregular shapes are

““squared off” by counting smaller squares untid u
total of 25 small squares is reached. The arcia shown
“in Figure 16 is about 5.2 “quiwter weh sguares’ or

-
5.2 x 9290.3 = 18,309 square meters,

- r—-"-'T"': - f‘.'/, in. "{ : o 152.4
) N T g - METERS
oftf - e
640 ; ‘V‘ ; ]
, . | \ y J
.6200 ft T T 14 / 1 200 11 O
; . .| 4 60.96 METERS
6000 frf- - - I\ j P
N i R N

Figure 16 Cross Section at Locaton |
' - Figure 15

the avera;,e arca ab Points 1 throuwh 6. The area ot
6 is zero 'because the 6100 foot contour hine
crosses the river at this point,

Areay o+ Area, v Area,

Average Arca =

< The volume is found by mualtiplying the d
tance long the e NN (Fature 10y by the aaap
~and by the average uarea: -

‘ Volumo (cubic meters)

Dlstdncc A-A (u‘nt»m«-xvrs)
) ’ 100

X 240000 % Ave Area

For the valley shown i Figure 15 the cabeus

lated volume is appm\mmtvly 5% million eubwe
. meters. :

Calculation of the volume of the R. ar Creek
Lake can be done in exactly the same way. Asstm.
ing an elevation of 5680 for the maximum water

+ level, a volume -of approximately 86 million cubw
meters was derived.: : "

ERIC

Aruitoxt provided by Eic:

*
ol aend where the DR s areine s 0 vk lé.,u.': i
LY

- The.volume of the valley is obtained by fushng

Thus, @ dam in Bear Creeb Casnty on u;x:ln-mﬂ uf
Morrion about HOU feel hugh woubd ooiy hold
about two-thirds the wiales held by Hear COneeh
Lake. Inercasing the hewght o thus Lx!u wvenaded
cauwse the luke to extend st the town of itedale,
So ot s evident that the plasned bodatzon of Bear

Creeh Dam v the beat place it vongbil fee

{0 Understand the diffvoenl types of dae and
how th'&‘\uppurl lsada, i3 alls 3t vlamsilied by e
Wavs they are vonstous ted Litntaer, rocn Uil carth,
aned mosony

Tunbeie dams are gare Ihey e Dot wheew

finher s [lh'ntlful, whiiorr ulhar oot B fnade

Pltbe G ppuenatbe, wlnere periofin

atort

\ faae I(".'f'l”:‘t,' 11,121'. [N R {i'\-i ”:' 1 oopdn Jean &
with either a svatertht pslrearn fove w8 4 maler:
tutht < ore an datiion eronantie P A R R T IR LA SHTIN

W

Py miate al s .t,m.zruy_{ th H’:» [ERER1 S

LAk v'-~.m~,

s od Lhe sl o e wf

Hocatas of Lhe eosern
Peotive iy enrlhoguake ot Phe dam o an fa b
jected bo e rnors of conaclesatls Geagoatiobe et
DD retivin s capabnfily o feodel ba i wogter
whiler oo bondend srpuctore, s I oas oo o-he, wong i
Praetuge ﬂ;\.‘,‘ darfegrate The largest foe b fided
s v the Nen [ sy the fu!-.«:s;im Wogwr (r

Canarke I ooy 82 padthiose wnln gl o f 7

.\
At oearth dharh o profinbhiy the sroamt - antiion
Ly e ol dham Teoatae B0 ‘ur\éir!.u'?.»-\s 14 Z‘r-,g-.j':'i_)
‘nvu;l;l}»h‘“ wv!i«‘-.:i?xp.w:.wi varth 12 ocagn Pee et To
both cmall arod largs applcaliong Seferal sietinwle
are tsesd to ke the ol b Tdioedy b fee pans
trated by wufer I can hage 2 walerght con. mete
rote, dboean b Bped on e ppstren ande with
ETSCERINNE S ¥ 0¥ 14

awesdorriend gy

Conerele, o shosars have a watef sewd

o abttined by waler waahing the Tn

the Farth to the middie of the Jdam ores w (b
duniny cansoruction Thie fore wedineniaccon w
compneted to form a core thar o abmeaw? opey

vioul fo wabee

i

Fort Peck rearth dam o Montasna an the
Missourt JRiver fs the largeel dam i the workd It
contaiine over 125 vullion cubie yanls of rarth. The
Tarbela Dam under constroction in Pakistan wiil
:-f’mhim PRO millionk cabie yvaeds of carth ansd fpwk
il 'th;}n it wecompleie.



CONCRETE FACING/
. , WATER LEVEL

. ' CONCRETE.CORE J/ -

. [WATER-WASHED SECTION

Figure 17 Section of Earth Dam

Masonry dams are lassified as either gravity or
arch dams. Because th :sc are made of concrete, a
dam of this type, with much less fill, can control a
reservoir of much greater capacity than if con-
structed with other- materials. Water is supplied to
- hydroelectric ‘plants from masonry dams because
the power plant requirements can easily be inte-

grated into. the design of the dam structure, and a
clean flow of water can be assured to the turblnes

The gravity Idam is massive, and the design de-

pends on the weight of the structure for its -

‘'strength. This dam is very stable because the resul-
tant force, from the combination of water load and
the weight of the structure, is generally in the mid-
. dle one-third of the base to insure that the total
_structure is in compress’on as shown in Figure 18.

/

WATER LEVEL

WW%WWW

“p = WATER PRESSURE
W = WEIGHT OF STRUCTURE
R = RESULTANT FORCE

P
'l
"/ |
i

+

1/3

It
—+
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—

Figure 18 Cross Section of Gravity Type
Ma_sonry Dam

An example of a gravity dam is the. ‘Grand
Coulee Dam on the Columbia River il Washington
(shown in the appendix). It has a volume of 10.6
_ million cubic yards (8.4% of the Fort Peck earth
" dam) and holds 9.7 million acre-feet of water (50%
of Fort Peck dam). ,

/
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An arch type dam obtains its stability by a
combination of arch and gravity action. The sides
of the arch are {irmly anchored in the canyon
walls, and the force of gravity acts downward to
add stability to the structure. Good foundations
are essential for a gravity dam, but the most impc;
tant feature of the arch dam is to have firm, rel
able supports at the abutments (canyon walls).
Many times, the gravity type is built when an arct
type would be more economical because thi: ma-
sive size of the gravity dam psycologlcally Is inOrc
impressive to the layman.

Hoover Dam on the Colorado River in N¢ .G
is an example of an arch-type masonry dam. "
volume of the structure is 4.4 million cubic 3«::.;
(3.5% of the Fort Peck earth dam) and it k¢ '~
29.7 million’ acre- feet (150% of Fort Peck dam;j ¢

ater

ABUTMEN"

ARCH DAM

There is an interesting list of the major dams all
over the world in the World Almanac and Book of
Facts. The list gives the height, width (crest’
length), volume of materials in the dam, amount of
water contained, and the type of construction for
over a hundred dams all over the world.

"g. Understand the immedjate and long-range ef-

fects of the construction of a dam on the natural
and man-made environments. Evaluation of the ef-
fects of any construction activity on an environ-
ment must start with a de/inition of 'what the envi-
ronment is. In fact, two types of environment must
be considered—natural and man-made.

In the case of the natural environment, the
student should identify what“wild animals and
plants live in the region being studied: An approach
would be to have the students develop a series of
questions such as the following, and then to find
the answers from field trips.

Do big game animals such as elk, deer, or bear'

. range through the area? Are '.there predators like .

.



mc untain lion, bobeat, or coyote in the region? Do
sm :ll animals such as rabbit or badger live there?
Dc 's the river that is beiny dammed support fam-
dit of beaver or otter; or do larger amphibians
i- 1 as alligator live thore"

\re the wild animals i1 the area protected or
rolled hunting permitt.-d?

Yhat natural v sotnds i sinth: ea?ls i
voand area wi - ation ¢ is it wet
“sh vegetatic o 4 is-in ti » natural
hat is the ¢ cdomi At anc 1ow does

ot with othivs?

other aspect »f the : :wal environment to
died is its sc: :itivity (o damage. Is there a
isk- of forest or brush fires, and is there a
-1 of permanent damage to the environment?
«J. - there the po:sibility *-at the vege ition will

‘v back again anc heal © scars?
s the terrain tie sor: hat is'very sensitive to
er ion or to wear by t ific? Is the vegetation

irrcparably damaged by the passage of half a dozen
hikers, or a trail bike?

The term man-made environment refers to the
‘things we humars do to the country in order to
live, work, and seek relaxation. Depending on the

" insects, animals, birds, plants, and ¢

viewpoint of an observer, the changes we make are -’

necessary, justifiable, or a mess,

We must build houses to live in; factories or
offices in which to work; stores where commodites
-are sold; roads, railroads, and airports for transpor-
tation; mines for the extraction of raw materials;
-and dams for water control. The ways in which we
use land are almost limitless and are discussed in
more detail in the appendix.

Rather than present detailed—deseriptions of -

the environment in the vicinity of the Bear Creek -
Dam under construction in.Colorado, this subject
would be better appreciated if the stydents inade
their evaluations of their local environments. No
verbal description of a natural scene can have the
impact that personal experlence of-an env1ronment
can have. ‘

The students should be taken into the field and
shown how to find for themselves which plants are
natural residents of the area, and which are im-
ported by natural means or-by- deliberate human

«//.

‘struction activity may drive away

action, They should "ave the opportun. - to see,
hear, smil, and feel ihe cnvironn ont, and to ex-
perience ior themselves the subtle mles 1 ayed by
e wenther, Not
15 for (,*valuatlng
.50 introduce an

only will this activity provide a b
the effects of Mooding, but it wi.

awareness of the wide variety o0 arto-< that nter-
act to pre:-rve the delio st bal: e the © dural
fom.
The ef! -t on the - xor:n s result from

“tivities necessary in che cor
as wel as from the prezence

~uction of the
can " the completed
RY Vo

“he co: structior activiiies i+ de excavation

“the mat: sials for 1w e ankr . transporting
nrtott e and lump zanc -ming them at
e lat‘gﬁ\ area o grou- - buried under
iHens ¢.ocu e yaf‘ds of carth ¢ zsonary. Other

vities that go on at the sam e include re-
w:il of stri-tures; such as h. o, barns, and )

sometimes fac ories, from the are. ~here the water

will collect. H.ghways, railroads, =. | power or tele-

phone lines muy have-to be reroutec

The’ continuing and noisy consiruction or de-
many of the:
natural residents and destroy the habitats of* many

. of them. Ironically some wild creatures may not be’

driven away. Instead they inight thrive on the new
env1ronmont thatprevails during’ construcuon i

After the.dam is complete a new “natural’’ en-
vironment is created. A lake is formed that can
become the home where the old residents might
return or where new residents, animals or plants
might be attracted. .

Depending on the regional planning policies,
the dam and its lake may become a beautiful park "~
with facilities for human residents to enjoy recrea-.
““tional- act1v1t1es

Downstream of the dam, the environment can

* change. The zoning laws for urban (ﬁvelopment

26

can be revised to permit construction of buildings
in the flood plain so that more efficient use can be
made of the land in-the city. As a specific case, the
city of Penver planning authorities are now con-.
templating the creation of river valley purks in
areas where their periodic destruction by flooding
‘would be inevitable were it not for the .protection -

that is now assured by the flood control dams.
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WHY i
Surveys methods of finding information
about lan¢ - 1 it is like, how it has been used,
and -how it .+ .. = sed
A classicz of sacvey 1s that of locating
property linc i descriptisn. Three different
types of siw used thrcughout the United
- States—on¢  or of the Ohio River, one for
Texas, anc Pov-nship/Range method. The lat-

tive thoug

-slated to 11

Cantiue spe effect of the dam -
is i ..strii by mroactivity thiat has begun-sines
const:zuctt f the ZearCreek Lam started. Inter-
siye oxce  wom o —avel from .ae valley bottor
ups;Feg ~e doim site is now 1 operation. Tw
discas a<:0 out of thir oicee of inform:
tion. the ultimete nvironment:
effec: e on?” The answer is that @
the e. . ‘= = nthe area to b filled wit
water . - oly will be covi :»d. Also,
has been the soil pdlti(.lL"S that havc
settled dv  'n the vel beds afe rich in nutricnts
for the fis spuleed of the lake. N

The =n. sion to;ﬁiv is: “‘How did the
gravel be . ay are located where narrow
steep val: I, o the gertler foothill slopes.
Evidently ial that eroded from the
mountair copped by the rivers at the
points w or velocity decreased sud-
denly. g
: The { 1ghts are but an introduction
-to the dis -vironment and how it can be
changed. - .1 pravide a stimulus to crea-

‘assroom and in the field.

_and Studiés‘

-t LAND SURVEYS?

ter system locates land by Township (measuled
north and south of a reference lattitude ““Base-
line”’) and by Range (measured east and west of a

- reference lonmtwlv called a *“Principal Meridian’’).

: . Principal M

Q

E

Aruitoxt provided by Eic:

This system use. 3¢ differen: sets of Baselines and
'a*?I’idiule for about three-fourths of the
48 states. :z1d e sets of ‘Baselines and- Principal

Meridians in the State of Alaska. Figure 19 shows

the baselir-s and principal mendahs for the United
States. A: oplication of this is shown in Figure 2;
which shc .+ range and township boundaries in

RIC

the Fear Creck dam srea. Addit’ infr mation
on this subject cun e oht.um-, om e local
Burcau of Land Mana:ment.

In urban areas, rvoysare Sir e G-
ties to determine the voutes ti TIO eav.
ravelled. The mos: coamon © - Ao plas o
ressure tubes acro: t}-. roads oo ‘© nur -
er of times vehicle 1 over thei . (o trafi o
urveys are conducte.: v observers al sIn ug,l(‘ 1o

:ations. Traffic surve . of this type.car ~ount‘the
mmber of vehicles by type—private car:. delivery
irucks, buses, amb. ances, etc. while the pressure
‘ubes count -only wk.

Sometimes it is e

‘A, o, . .
ssary to'determire who (2
people usipg the roa: 1

. are, where v live,
where they, a}e goimT " ublic transpor: system v
rers need mformaflol to develop th: most us
passenger rbutes In st rveys of this ty:
are made of the troff - » at specific tizmes; venicies
are flagged down, unc a few simnmle. well chosen
quesvons “are asked of the driver arc passeng: rs..
Because it is xmportant that the pe- il questic:ed
should be delayed only a’few seczrds, the quss-
tions must be carefully planned, ar

falls

: ul\

. the questic:er
should be able to record ‘the answirs on a report
form prepared in advance. )

_ Rural land surveys are conducted for many :=a-
sons. !

There are parts of the State of California where

- agriculture survives through intensive irrigation.

Farmers using irrigation water are required - pay
for the water according to the amount used. The
method used is to assign an irrigation tax based on

the type and acreage of crop.to be grown. Some

27

crops need little water; some need a lot. Figure 20
is a Skylab photo o: agricultural land adjacent to
the Salton Sea in Southern California. It clearly
shows the patfern. of fields in the area.

The 1rr1gat10n authorities in Callfornla discov- -
ered that somo "armers were paymg taxes based on
one crop but -vere growmg crops: that reqmred

higher taxes. A system of aircraft surveys was in- .

troduced to identify crons in photographs of the
area.

The technique of making these crop’ surveys
relies on the “spectral signature” of the crops. Ifa
number of fields with different crops are photo-
graphed at the same time with cameras sensitive to

2 sampilngsT—
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Figure 19 Princiral Meridians and Baselines in U.S,

Figure-20° Skylab Photoz of Salton S’e& Area, Southern California (Jii= 17 1973) ' .
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Aruitoxt provided by Eic:



Then by comparing the quz

‘(liffezent, wavelngths in -

sible anc. infra-
red wavebands. the varic:  rops w' .ave differ-
:nt appearances in the phoiographs “arveyor
only needs.to-have posit ~ -entif: «.on »f one -
field nearing each crop tc -tify @1 t3e f.clds in
the photographs. This t¢.  .que & (’cr ved in
more detail in Obse:rving ‘th From Sl-viab, a
companion volume ir this - s
n the California grape  untry, @ .. 272 pro-,
ducsc by spreading the -apes ¢~ kru..i paper'-
sheezs ‘on the ground bet: - n the -—: »f vines.

~sie 0 deter-
: wzre “laid
Zave:oped an
“he L’T"‘lblna-
Lhat "hwe fhe

Airzorne photographlc surveyz.were -
mirz how many acres of the vineye::
to raisins,” The photographic team
exnerimental program to determine
tica of photogr'aphic films and filter:
clearest spectral signarure of the, raisi:

ground with the quantity <1 the trees in a few

- sample areas, a statistical sur2y was made daily of

\

the entire area. In this way, a balance wzs main-
tained in the harvestmg of the grapes for raisins,
for fortification of wines, or for the table.

.2 SURVEY OBJECTIVES

" Before anw survey can begm -it 5 necessary Lo

identify the subject and the reasons for the sur-

vey—in other words, to identify the « ‘bjectives. The
number of survey topics that can b= addressed by
students is limitless. In this section, a few examples
of survey topics with suggested objectives are pre-

. sented. _ Rt

. One topic could bé to determine the distribu-
tion of recreational land in a city reiztive to where

- the users live. The nbjectives of this t¥ve of survey

could re:

.1) To relate the c: trlbutlon of recre: ional facﬂl-

4 tiez to populati. n distribution;

2) To develop ar understanding of the factors
that govern t! location of recreatlonal facm-
ties;

<3

tity of grapa‘ on the'

29

. "

5)

1)
2)

3)
4)

7
8)
9)

3) To re- : the recreational fa-ili- 's to th. com;
lete ¢ cystem, i.e:, the e fe . the fz..lities
wave . cildlife, plants, cte. or the impe ttance

. of the wdlife on recreational activities :n “he
faciliz . '

Anoi»r  pic could be a rvra survey - : osti-
mate th ges of different crc s in a: area.
Some oh - s of this kind of stirv- v coulé be:

1) Toe - - the role: of the ac—ciltural b clustry

Jim the 1o ecosystem “and mn’s place iv it:

'2) To lsez e fieldsof farmloid :n the ez and
to inen .iv what crop was plented in eaca field;

3) To <afine ‘he number of acres ¢ f each crop in

ine zrzas ' .

To define cry#dand farmland and irrigated farm-

land. (For example, in Figur= 21 the difference
in appearance between dryland farms-and irri-
gated farms is quite clear. The f2lds along the

river vallev at the lower edge of the picture are
"irrigated. The fields in the middle of the frame

are ¢vyland farms.); °
To wmirste
To 'or:..
detﬁl’nlint‘

the yield of the crops.in the area;

~te with ‘the local farm bureau fo
~ze accuracy of the survey,

Other survey topics for students include:
The distribution of industries in the local area,

The e: Nhonmental effects of mdustnes in the :
local areu

Local tr‘*nspf)rtation patterns;

v
Factors influencing the lecation of industry in
a rural area;

Trends in residential grow:h;

Factors influencing pres: -vation of wildlife in

" the area;

Application Hf unused lar . for agriculture; .
Envirotiment and pu:.
The roie of
ment.

- of range land;

.he forest 1 our natural environ-
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IV., Types of Ja:a fc~ Land Use Studies

beon seleeted and
+d. the next s7ep is
almost all surveys,

Afte: a student s. rvey :
the objectives are clec-ly de:.
to apply the available data.
maps are required.

In general, two types of «iap s manda: Hry-
U.S. “Genlogical Survey M: © o aerial . oto-
graphs. For surveys to be wed withio the
boundary of a city, a urr station’ city
map will add informati- 1. © . las . surveys. 2 cur-

renit “‘gas- station’ state ayr wipful, 3 oo
imes, sjocial survey s, v Corps of Eng -
1eers plans or Bureat. of - .motion nlars, as»
nec=ssary. .

U.S. Geological Survey n.. are available fror

any regional federal center or :vom some sporting
gcods stores. The address of “he nearest federal
center can be obtained fron - telephone dmw -

tory lisulng entitled <1 aited 1es Governom=ne
“Iore details on what to orde  ind what to expect
are given in Section A o this ::iupter.

Other t,ype‘sﬁ»dm:& incluc. direct observ.iions

of features recordec in phoi zraphs or in acte-
books; measurement made it the field by = anx
_ of surveyors tools s. - as me suring tapes, Jovols,
and transits; or data- tained |- Uremote sensors”
1= this 1 naeasa o the term remote sersor’ s
azmlied te srstems  at vecord information from
azov- the grmound b: .- rumeats iy aircraft or in
spacecrali, i.e., the c. R ..}tlmeter ora-
trometer. These data i ,.mle ‘}.s photogmph,c
. irmages or as eleciro oo cmation on magnet
o tare
Three cen W T naye heen usec
ohzain remc. a7 : & hered from abowe
the surface ca T a—:y areraft, by earth re-
sources sate... ant 2y NASAs Skylab space-
craft. The Spi. Sko-le, sche luled for launch in
the lzze 12707« il also ob:ain remote sensor data.
+  Aeria photograpks of all areas of the United
‘States arz -available in several different forms.

- Aerial photographs have been taken from altitude:

of 12,00( to 25,000 feet of areas from about 4.5
.miles square t¢ 9 miles square respectively. The
“clussics. pplicetiz: of datu obtained by aireraft is
for mzprr -tins The informotion is wenerily ob-

E\.

Aruitoxt provided by Eic:

ioteyrephs that @ used to updite ex-
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"920 kuometers (

ist:ng maps, to make new maps of unmapped areas, '
to provide .accurate contour information
thrugh analysis' of stereo photographs (see Why
Storev From S/)a(‘(f. NASA Facts NF-57/1-75).

Aerial photographs are available.from the U.S.
Geologicul Survey Phato-Mapping Service. the U.S,
Department of Agriculiure, NASA and from the
Nation:! Oceziic and Atmespheric Administration.

°

is pro{/ided by 

Re: »te sensor information
ERTS-" the first Earth Resources Technology Sat-
ollite, nat war launched by NASA in July 1872
‘and is <111l prov ding information to the ground. .
El “.'h 1 orbits tho Ear:h at an altitude of about

570 mil-~ - an orbit that passes
close 1+ che North and South Poles. This was the
first o: a series of satellites with the primary pur-
pose ¢i demonstrating, the usefulness of remote
sensor data in the study of surface conditions of
the Barth. This unmanned satellite completes one
cr'npleto cycle of scanning the Earth’s surface
ry 18 days. Information obtained by instru-
nwntx scanning 8 185- kxlomvtm (115-mile) square
area is transmitted to the 7o na-electronically and
ceaverted Lo ohctog it cnagesin four different
wevebands: two in the visible light frequency and
infrared. Figure 21 is an example of a
phoragrarh obtained from this satellite.

L i

<

in this series was
vrogram name wus

srellite
the

\Whe: the second
la. nchec in Jonuary 1677

r nged te LAND-AT. ZRTS-1 became
L. DEVT T and théne zatensie is LANDSAT 2,
wi 1 e design life of two o years. A third
L- DS T .unchis ple ed for 1977,

reniotely sensed ¢ 1 wrere obtained  from
Sk b 1 three mannec  aissions from May 1973,
to vbhruary 1974. Earm resource data were ob-
tair +! :s photographs as electromcallv pro-
duc images, Some arcas were photogmphod at
the -ume time by two camera systems. One was a
comr anation of cameras that produced photo-

rarns in six different w \\ebands——three in the visi-
2

ble 2nd . hree i+ inf-:~-3—all obtained at exactly
the -s=me time. ?ig*‘.:f 7 was obtained by one of
thes ca: ores on o oie 2o, 1973, The other was a
high vesc.awon camera “hat obtained photesrarhs
in her he visible or afrared wavelengthz Else-
tr-- ¢ d. .a.were ohbtained ifor altimeter wpplia-



E

O

tions;’ for determining surface brightness t-mpera-
ture, and for recording the-reflected radi:.nce of
the E'lrth s surface in many Hifferent wasehands.
Obserumg Earth From Skvlab (NF-5671-"5) « n-
tains mole information on these m%ﬁmr nts : ad
the data they obtained.

S

A. Where to Qbtain Rem 3-'?--5:!y
Sensed Data

-

The following paragravhs give detailed &0 -ma-
tion on the types of dat. available from difi rnt
sources and show how tr+ iainit,

1. EARTH RESOU UES OBSERV-" ON
SYSTEM (EROS)

_Earth resource diie - be obtained by wr ing
to the EROS Data Cri-0 5 division o7 the Der rt-

ment of the Interior. o - Lo iress is:
EROS,
. Data Manageiment Ce -
90

Sioux Falls, South Dar. .47 7

n locaing
particular

will z1ssist.
Lo suit th

The EROS.Data Cer:ter
imagery and’ photographv

needs of the user, The « 'y computs fzed  we
age and retrieval system .. I on oo !
coordinates (latitude and lo ), e de d
time of da the photog=: wore o) taine L nd
the scale of ~he photograph- ‘

The requestor may v e "ne o ey - “he
latitude and longituile < soint o nte ot or
“may define an area by g, ritude : ilos o0 de
of a maximum of eight :+ meter po.its. .0 re-
ceipt of a roquest the ¢ . - staff will lo ate e
area of interust and will prey re alisting ¢ phe
graphs fromz which the o C-stor can moke oo
- final selection.

EROS. stocks Sky.i- rotograph: ax 5
LANDSAT (ERT i sraphs. e
spacecraft operatec ab ool the It
LANDSAT. Conseq. -ily -~xylab o0 o=iohs
contain more detail tli:. LANDSAT.

If you elect to use Skylab photograrn« in vour

study, it is possible to . zlp EROS spe—~ up  our

“ order by quoting the specific photogra .
of the scene you need. You cuan write o th

lowing address for help.

RIC
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Lyndon B. Johnson Space Cénter i
Research Data Famhty

Mail Codt TF-8 o

Houston, Texas

)

'\,

Irelu-- the names of prominent features in the -
area. Cir nan s, rivers, and mountains should be, -
includec s wes. as latltude and longitude. Research

Data Facility personnel ‘will check through their -
cata:ogs and provide you with photograph identifi-
cation numbers that you can then send to EROS to
obtain the copies you\need

At e time of wutmg the prlcec of EROS.
phoiogr phs are: \

\

ERTS/LANDSAT

Pap: Bld(.k‘& Area of
Prini. Scalp White * | Color- | Photograph
70mm. | 1:3,569,000 |$1.25 | —~ 149 mi sq
square : s ‘\ ’ )
9x6 100,000 |$1.28 | $.7.00 | 140 misq.
Isx1-in. 500,000 |$3:50 ' | $1%5.00 | 140 mi sq
36x5 ¢ in. 270,000 [$9.00 " | $25.0 [ 140 misq’
Film ono vailable al two to threé\;in\es the above
CONL ' :

\
-~ N
N,
- -——— - \
ST R e
Black & K
\
\‘Vhite . ) .

Ima, - Orint 'l\\rans Area o\
Size “rice parency | Scale . Photogriph
on i sé‘.oo 1:2,850,000 |-100 mi sq“\‘\
e ;52007 ~+ |'1:1,000,000 | 100 misq °
128 . 5.00 | —= 1: 250,000 | 100 misq
25.6 s, 12,00 [ ——] 1: 250,000 | 100 misq

© p’roductions cost about three times as

ar s i EIPWON. S
R e

C lor
poueh s ok and whitel For more details wnte to
TR0 At sux I‘alls Sou\Fh Dakota

R outlet for ’EféOS services is located in
54y ¢ s, ‘Vhssxsslppl\At the National Space
Tech _ogv Laboratorles, anyone can obtam\ a
wide vazriety of Earth resﬁurces information’and
order protographs by writing to the following ad-
dress A =
Nationa! pace Technology. Laboratories-
Ay AtUi is, Mississippi 37520 .



2. GS‘GEOL\OGICAL SURVEY

U.S. Geolof,{\lml Survey (USGS) maps are avail-
able from any reglonal Federal Center and from
certain’ commermal stores.such as sporting goods
stores.  The nearest address should be listed in the
telephone book ‘under “United States Govern-
ment—~U.S. Geological Survey.”

The most. common USGS maps are of an area
7'% minutes square or 15 minutes square—that is,
7% or 15 minutes of latitude and 7% or 15 minutes

of longitude. The scales of these maps are 1:24,000-

and . 1:62,500. respectively. Both are sold for 15
cents each at the time of wrltmg

Other maps are avallablc ChCLk with the USGS
office for more detalls

3. SKYLAB: EARTI—g RESOURCES DATA CAT-
ALOG o _

°  The Skylab Earth Rcsources Data Catalog
(GPO-3300-00586), prepared by NASA, provides a
complete index of Skylab earth .resources photo-
graphs and other data, plus direction: on how

.,

and assessing water quality in terms of turbid-
ity, sedimentation, and temperature (by ther-
-mal scanning). Depths of shallow bodies of
water can also be estimated with some preci-
sion. Space observation can establish the area
of a watershed and facilitate study of stream
channels in relation to au -entire drainage sys-
tem, runoff patterns, and possibility, of flood-
ing. River ice, crucial to transportation and
flood prediction in some parts of the country,
can be watched. Coastal lands; estuaries, and
wet lands—with their ecological as well as eco-
nomic 51gmfrcance*can be* ?elineated for anal=
ysis. ‘ . '

»

3‘3 Marine resources—From seeking to establish

copies can be obtained. It also prov1des a dlSClp-'

line-by-discipline review of possible uses of the
Skylab photogephs and data with appropriate il-
lustrations. It is intended as a basic reference work,
or tool, for farmers, scientists, engineers, students,
mineral developers, or anybody else who has a spe-
cific need to obtain, 1nterpret, and use remotely
éensed information.

’ The catalog is divided into six major subject
areas:

1) Land resource management~—This ferm encom-
) passes familiar issues of public policy related to
such_matters as population growth, economic
- development, land use, depletion of natural re-
sources,. urban planning,  transportation, and
env1ronmental impact. To meet dynamic map-
ping rand monitoring ‘requirements, : satellite

" data”are currently being used by seven states.

(Alabama, , Alaska, Arizona, California, lowa,

+  New York, and Ohio) and three interstate plan-'

ning agencies in the Mldwest New England
“‘and the Mrddle Atlantic regions.

"~ 6\.

Water resources—Skylab and other space. data
~are well suited to: exploring for new sources o)
waper; making inventory of existing water syp-
les in lakes, reservoirs, rivers, and snowfields;

N ENge T \

-

/J

)

patterns ‘'of movement of schools of fish to
measuring degrees of roughness of the open
sea, Skylab data have increased our knowledge
of the world’s oceans and helped point to oper-
‘ational marine satellite systems. Better weather
forecasts and charts' of ocean currents and ice
tondltlons are expected as direct results. To
measure oceanic roughness or sea state, a mat-
ter of vast practical importance to shippers,
. Skylab successfully tested a combination of in-
struments (radar "scatterometer, microwave
x\la@ometer and altimeter) that provided ocean-

wide readings starting at small-scale roughness. -
Channels; shallow areas; river discharges of sed-
iment, and other features of watexwyays often

show up better from space than by any other
means. ", S .
4) Geology and mmeral resourees~0bv10usly,

space photography and- data acquisition are-
F;nadé to order for\geologw investigators in-
every facet of their work from theory to actual ™~
. mmeral prospectlng\ Iii exploring for®minerals
and hydrocarbons, the. cost per mile of space
coverage is lower than, for any other method.
Major mineral explorat\on \orgamzatlons hayve
been working with Skylab d LANDEAT 1
data whilé, mcorpo/atmg lse of space- data in
. plans for the future. Space sensrr}g, it'is pointed
\out, should e seerr as one basnc step in the™
,overall prospecting ' program: &fter reviewing
satellite data, mineral exploratlo target maps
can be constructed wrth a rating system to indi-
cate the relative llkelihood of depoélts in each
‘target -area. Decrsrons%n further exploratlon-— <
such as aireraft remote sensing, selsmlc profil-
. ingy geochemlcal analysrs or field testin -can

then be made w1th a far greater change of suc-
cess. .
N,
9
: L
_ . L
p 0 ¢
N - - _
\ - . “



.5) Agriculture, forest, and range resources--Sur- ' Eastern Aerial Photography Laboratory
vey of the world’s rice crops and battling Black © | - ASCS - USDA -
~ Hills~beetles are only the beginning in these ! 45 South French Broad Avenue
_ fields. Potential space .applications are enor- : "Ashville, North Carolina 28801
mous: crop ahd. timber inventories, yield e§ti- i\ Westem Aerlal'Photogr"rphy Laboratory
mates, comparative analyses of crops, detection ‘  ASCS - USDA
of disea§es or insect infe'statlohs.of vegetation, © 2505 Parley’s Way . s
ré’cohnalss‘ance for potential loggmg qQperations, ’ 'LSalt Lake City, Utah 84109
location and mapping af forest and range fire e
damage,” determination of animal-sustaining - If the state ASCS office is not ccnvenient,
capacity of range forage, and m\ultlple use plan- either laboratory above will assist in identifying the .
_ ning for forest and rarfige lands. Skylab and | i numbers of the desired photographs Typical costs .
LANDSAT 1 data and -experience have made ’{ - of the photovraphs are:
major contributions, and now are pointing the |

Cost of Cost of

way to further hardware and techniques. !| Approximate Paper. Film
6) Environment~In a broad sénse, all Skylab ef- Size of Prints ;] Scale : | Prints __ | Positives

fort deals with man’s environment. The data 9%x 9% in. 1:20,000 5 400 $$3.00

also proved particularly useful regarding spe- - (1in. = 1667 f1) '

cific environmental problems. Sources of water 12x12in. 1:15,840 $ 4.00 | $4.50

and air pollution. often can be located and the . L (Tin=13201Y .

‘spread of contaminants traced for long dis- 17x17in. 1 1:12,000 $ 5.00 | $5.50

tances in a single photograph. Looking ahead, ;f (in.=10001) 4

Skylab  demonstrates - the advantages of an . |24x24in. '} 1:7920 .28 6.00 | $7.50

Earth -resources package, including both -high | (1in=660 1) L P

resolution cameras and electronic sensdrs, com- . [38x38in. (11‘1200 100}{) $12.00 | $6.00

plementing each other’s capabilities to perform
« four-part environmental mission in space: de- -
tection, determination of source and extent, di- | 5. FOREST SERVICE
rection of aircraft surveys and ground measure- o T ey . L
. ments, and monitoring changes. The: Forest Service, a division of the U.S. De-
. ‘ ' partment of Agriculture can provide aerial photo-
The Skylab Earth. Resources Data Catalog is ,-8raphs of numerous locatior'rs in the United.States.' )
obtairtable from the Superintendent of Documents, Black and white, or color prints can be obtained of
.U.S. Government Printing Office, Washington, D.C. scenes photographed in visible light or infrared

20402 (Pr 12:50 lhe book number i GPO - wavelengths. The prints are in a range of scales,
2300 a00ns; B12:50). oOR R T predominantly 1:15;840 and 1:80,000.

© 3
o 4

- _ . Requests should be sent to the Reglonal For-
4: AGRICULTURAL STABILIZATION AND- ester in your area. The address should be listed in
CONSERVATION SERVICE (ASCS) ‘ .- the telephone book under *‘United States Govern-

. . T ment—U.S. Department of -Agriculture.” Alterna-
Three different types of Earth resource data . tively you can write to: The Forest Service, U.S..
are available from the U.S. Department of Agricul-, Department of Agrlculture, Washmgton, D.C.

‘ture ASCS—ERTS/LANDSAT data, Skylab data, ~ 20250~ ° Ty L

and aerial photogranhy . g

-

The. ERTS/LANDSAT and Skylab data can be B HOW to US@ Data

“ordered from ASCS in a similar manner and similar o
. cost as from EROS. The aehal photographs canbe . .The multrdl\scrplme study plan‘_descr_ibed earlier
ordéred by state and county, and by symbol, roll, in this publication outlines the use. of data for a .
and exposure number as hsted in the state ASCS  study of a flood-control dam. A different typéerof
“office. These photographs ‘can be ‘ordered from study, such as a rural survey with the obJe;,tlves of
- either the Eastern or We‘:tern ASCS offices. The studying agricultural land use, would require that
addresses are ‘1sted below Lo : the data be used Sfmewhat differently.




A rural-study requires the same kind of data: a
gas statlon map, aerial photographs multispectral
s_pac!e photographs, and USGS maps.

First, the user would study the area of concern--.
on each of the above data. Each set of data would .

then be related to each other to obtain a thorough
understandmg of the area of the survey. The gas
station map will present the,area in a large scale
and in a format familiar to the user. It would gen-
erally orient the area in relation to streams, lakes,
cities, highways, and railroads. The aerial photo-
_graphs reveal the study arca in a scale so the user
can recognize all major. features—buildings, fields,
* structures, rivers, vegetation, etc. The aerial photo-
graphs can be obtained in approximately-the same

“scale as the USGS maps that define geological fea-

tures: Space photographs are valuable in this type
of study because they show the watershed areas,
streams, valleys, and general land formations in a
large area. Multispectral photographs from aircraft
or spacecraft can be used for crop 1dent1f1cat10n
and detectlon of crop dlsease

s

After the user is famlliar with: the data col-

tral ‘pictures and then to identify every like crop.in ,
the area by merely analyzing- the multlspectral '
photographs taken during that same growing sea-
son. Refer to Observing FEarth from Skylab,

NF-56/1-75, and the Skylab Earth Resources Data
Catalog for more information regarding the inter-
pretation of multispectral photographs. The tech-
nique consists. of comparing the gray tones in'the.
photographs with a graduated gray scale, such as is
marketed by Kodak, and recording the set of tonal -
values for each field. All fields with the same com-
bination of tonal 'values (spectral signature) should

_ have the same crop in the same state of growth..
1

- To determine the total area planted to each.
crop in the scene, the user can measure the area of
all the fields with the same “spectral signature.”

*. Also, by similar analysis of multispectral photo-

lected and has combined the essential features ona

study area to-compare actual conditions to those
indicated on the maps and photographs and ensure

that the layout is up to date. To identify the crops .

that were in each fietdat the time the multispectral
pictures were obtained, the user must identify at
least one field of each crop in the area. ‘This will
._‘make it possible to establish the “‘spectral signa-
' ture”, of that crop as derived from the multispec-

1.

)

graphs of the same scene taken -throughout the
growing seasan, the rélative health of the plants
can be determmed ‘thereby allowing the user to
estnmate the ylelds of the crops .

/ Hngh resolutnon and infrared photographs can
be used. to locate irrigAtion ditches and to differ:
entiate between the-irrigated and dry-land farming
-areas. '

o .

single layout, a field trip should ‘be*made to the: o~

After the spectral signatures have been estab-
lished for the entire area, a field, trip should be
taken .to fields not visited previously to verify the
accuracy of the survey. The final results should be”
coordinated “ with the local farm bureau office

where these types of data are gratefully received. .

Here, the user can get an appreciation of the rea-
sons for rural surveys. . '
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How Land ls Used

This ndix has

dpg

Suggastions are included for class-
room activit

creative thot 38 by tha educatbrs.

been prepared to enable -
educators to help stucents understand the interac-
tions betwee: the *orvmuruty, the environment,.
“_and the land
- or discussion themes to stimulate

Abp’endix-

cept that the ihcome from the business, ih addition

' to. paying salaries and profits, must support the .

. Cities, aways, =nd mdustry take up about .
3% of the al laad  area in n the United States.
\bout 607 « the land is used. for-agriculture, andi._

land and rese; atlons
T #F

Land ‘pricss vary 'tremehdou‘sly based on loca-
* tion and moieitial use. A square foot of land may

-cost 8200 in 2 metropolitan area and less than a

, tenth ci'z cent for some-livestock pastureland. To
‘a large exiznt, the price of land determines what it
“will be used for—where to route highways or power
lines, wher= to locazea factory, and-where to build

permanent or recreatlonal homes There are other -
considerations involved in “the use of-land. Sites of.

historical cr religious interest may. be preserved
X agamgt dev Dlopment regardless of cost. More effec-

tive use of land becpnies increasingly xmportant as

populauol grows and technology advances.

~ )

URBAN LA\'D USE
‘La.nd in a metropohtan area is used for the
- following purposes: commercial

-

recreatlon utxlxtles and transportation.

s

"Cc')mmer.cial Use"
> Commercial land” uses range from the s;nall
" merchant’s store on Main Street to the, large old
1ndustr1a1 -plant on the fringe of the downtown area
-or the new. industrialarea-in. the suburbs Each has
its role in the -economy -of the commumty The
busmess use of land is based on a number of eco-
nomic factors and can be’ summed up by the con-

\

N

use, . housing,_.
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i

cost of owning and maintaining the land on which
it is situated. .

- Different types of busmesses have dxfferent ‘
land use requirements. The basic reauxrements for
‘a jewelry merchant are a display area for his wares
and a small storage area for his mventory . Hismer-
chandise is characteristically small -ii size but high
in value; his entire mventory is not bulky.

- A doctor’s n‘eeds are different-ta'wait'ing area

.and a number of private consultation rooms are the

. livestock. Th: remaining 37% Comprxse governthent, " principal requirements.

Space for storage for the -
doctor is also a very mmor consideration.

The large factory is a different case. Storage -

'requxrements almost equal the area devoted .to -

manufacturing. Transportation is an important ele-
ment intdetermining the location of a factory. Em:

,ployees must. be able to travel to and from their

work. ‘If adequate public. -transportation is not -

‘4vailable cor used; parking area must be provxded
- ~Delivery of raw materials to the factory must be

possible’ by road or ra11 and delivery of finished

“products must also be possible. Ask the student to -

list the special transportation requlrements of the
following factories.

A factory that makes atitomobiles.
A factory that makes ships.

A factory that makes airplanes.

., A factory that makes potato chips.

_Have the student list some other busmesses that

have their own umque land use requxrements

- “ e

Housing : _ -
.. I v ‘
Residences must be made available for all levels

of income d require a considerable:.amount of -

land area. Zoning of residential areas must.be seri-
ously considered because families with the same -

income place different emphasis” “on their llvmg ,

conditions. A family in the high income bracket ;

may prefer a beautiful large home with open space,

c



while another will prefer a plush city apariment
with no maintenance worries. Certainly these types
of dwellmgs cannot be permitted to be randomly
built throughout residential arcas because the ob-
jectives of both groups would be defeated. In the
middle or low intome brackets, one family may
place emphasis on a late model car and another
family with similar income will prefer to drive an
older model andspend the resulting savings to up-
grade their.residence. “A man’s home is his castle”
regardless. of the type it is. Whether large or small,
housing costs represent the largest part of most

~family budgets. For these reasons, all metropolitan

;areas provide for varying property sizes as well as

home sizes.,

Request ycur students to list some areas in

‘their community that are zoned for' apartments

Q

E
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and some areas that are zoned for one-family resi-
dences. Also, "have them list other’ categones of
ZOmng besides housing areas. -

Waterfront Apartment Towers, Boston,
Massachusetts -

37

Recreaticn

Recreational areas are established where people
:an enjoy their leisure time. Lakes, parks and play-
grounds provide for family enjoyment. Athletic
fields are provided to encourage people.of all ages
to participate in some form of athletics to maintair
good health in .the community. One of the largest
uses of land for osganized recreational purposes is
for golf courses.

As the standard work week is reduced, people
have more time to use recreational areas. and be-
cause there is-less manual labor required by most
jobs, people need more recreation. Here, again, the
population increase and the technology advance-
ment directly influence the need for.these; areas.

Because recreation also ix1cf11des'watching ath-
letic activities, spectator space must be provided at
athletic fields, race tracks, etc. Making a list of
athletic activities existing in your local area will
help to identify the ones most likely to attract
spectators and those which are least likely.

Utilities

Land must be provided in or near cities for
utility services that are necessary for society to
function. Gas, oil, and coal are extracted from the
earth and are used to generate, electricity. Power
generating stations are_large facilities in which.the
energy in gas, oil, or nuclear fue! is converted into
electrical. power. Characteristically, power gener-
ating stations are located in or near the cities so

~ they are close to the users of the power they gener-

ate. Gas and oil-powered generating plants,
power stations, need fuel supply systems. Coal-
fired power stations need coal storage areas in addi-
tion to supply rines.

‘

Regardless of whether oil wells are located in

the area, most cities of significant size in the

United States contain oil refineries. An interesting
class activity would be to talk to local oil refinery
officials to discovexr why this is so.

Water supply is another utility éssential to the
community. Water supplies are drawn from under-
ground sources or from water that has drained into
the river valleys aind collected in reservoirs. These
reservoirs may be many miles from the cities. Puri-
fication and pumping stations are usually located



Q

_ 'I‘ranspz)rtation

|

very close to the cities, 'I’hls minimijzes the possibil-
1ty of contAmmatmg the water by pumping, it

through long supply pipes after it has Been"puri-

fied.

[y

At the other end':of\the‘#‘.utility speetrum are -
I

waste disposal systems for sewage and trash. These
systems have their uhique lanid use requirements,
and also require ngorous environment protection
efforts. Have your students list some environ-
mental restrictions that must be imposed on the
location of waste disposal systems.

Transportation 1s a vital part of our society and
“has a wide variety of land use needs. Roads and
rallroad.s are necessary to link communities, ‘They
are used within, the communities to move people

_and merchandise and to provide services.

1
A familiar urban feature is the parking lot for
the vehicles that use the roads within and- between
communities. Ask your students to g,xw the rdll
road equwalvnt of thcw Aareas.

. Urban* Transportation in Ma)zhatlan :

ERIC

Aruitoxt provided by Eic:
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© Raw materials for energy production require

“irunsportulion syste
vcean terminals where fuel is pumped 1nto or out’

ms. il production reguires

of t‘mkvrs In January 1975, President Ford signed
a bill supporting the dewlupmvnt of dvep water
harbors tn the United States for use by giant oil

N Al
tankers. Ask the class how deep these harbors must
be to accommodate the very large oil tankers.

The location of new airports und the e\p;msio?’ '
another set of tand use con- .

of o\nsLm;, ones has

N

sldt'l’dtl&glh Aside from obvious problens of large
amounts of land required, there are other fuctors
to constder, sueh ws safety and nopse pollution.

/
*o

RURAL LAND USE

Land in rural areas Has o vareety of uses ine

cludimg: agriculture,

industry, encgpy production,

transportation, forestry, receegtion, and environ-

mental protection
Agriculture

Throughout the
land are the same:
crops, But that sow
techmgues of rinang
cattle pre considerne

[}

world the agnvuliursl uses of

rsing hvestock and producing,.

here the simtbarities end. The

hvestock viry widety. In India -

osaered ansd are permmstted to

o whene they wish without. control them is ne

attempt to convert ¢
in Kenya, Africa, gr:

vepetation hut do ne
Indtead, they uze o
food. .

In Denmark, w

hectare (2,471 acres

attle to food, The Mo Tribe
vce thetr cattle on-very sparse
it slaughter thews for the meat,

he Blood of the animals oy *

here the  wield ol food per
3 is posasibly the highest in the

world, cattle are grized wherever gruss grows. In

the : United States,

cattle are geazed fint on the

opeh range and then fattened in feed lota where
maximum speeinl food and mivimum phyaeal ex-
ertion of the animals produces {asty beef for the

table.

Eyp production i

n the United States as well as

parts of Burope has become -highly mechanized.

Chickens used in me
see the Hght of day.

chanized et production never
Chicks are hatehed in neu-
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E.karhple of the Combination of Sea and Land Transpottation (Prepacked containers transported on ships

-‘dfé"lda‘dejd:orzftrtickS‘for direct ove_r;ian_d delivery.)

bators and raised "in brpoder houses. An incubator
maintains the temperaturg and humidity better

than a mother hen and produces higher hatch suc- .

cess. The brooder provides the young chicks with
the ultimate in living conditions for the first few
weeks(’of their lives. Adult chickens then spend the
rest of their productive lives in cages. Food and

water are provided automatically. INlumination of

the building is artificial and/ is controlled auto-
matically. LEggs are collected, checked, graded,
cleaned, and packaged automatically (for more de-
tailed information, see the National Geographic
Magazine, February 1979).

Similar levels of mechanization are possible in
the production of milk and milk products. Ask
your students to identify some of the machines
used in milk production.

. Similar variety exists in the area of crop prd-
duction. There are still parts of the world where

N

RIC
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crops are grown on land that is ‘cultivated_in the’

slash and burn manner. The trees and brush on the
land are cut down and burned, and crops are

planted on the soil that has been “enriched” by the’

ash. When the soil s depleted, another area of
forest is cut and burned.

. In some areas in Southeast Asia, rice is grown

on terraced fields that follow the contours of all

but the steepest hillsides so that very little available

land is wasted. . o

v
.

Crop production in the United States varies
from the small truck garden.where vegetables are
grown for sale at roadside stands, to the vast, high-
ly mechanized, wheat farms of the midwest where
plowing, planting, fertilizing, protecting against
vests, and harvesting are all performethby machines
(again see National Geograpltic Magazine, February
1970).




Storage of Farm Products in Danbury, Nebraska !

Cooperative

3
b. Baling Hay
°* Agricultural Land Use in Nebraska .

—- ~~_With_the continually increasing world popula- should be preserved for the production of food and
tion, the need for food production.is of paramount  should not bd used for highways, eities, and indus-’
importance. Too many people are underfed. On o try. Ask your students to identify some of the

° world-wide basis, the land used tor food produc- famine areas én a world map. Also, have them plot .
tion should be used in the most efficient way pos- the annual "izlinfull for those areas during. Lh'e‘
sible, and more land should be put into use for this periods of famine and see if there is any c‘orrelzx-;- “
purpose. Wherever possible, the richest farmlands tion. I ‘ o

Q
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Indu'stry

‘Not all industry is located in cilies or even in
their suburbs. Many industries are locatéd in the
country.” For the most part, these are the plants
that mine or process raw materials. Cement fac-
tories are usually located near the sources of stone
from which the cement is made. Othey industries
that extract minerals from the ground and process

fhem for future use are similarly located. Can your,

students identify any o’\amples of these? In which

-state “is the Bingham Canyon Mmo located? What

mmeral is extracted? -

Some industries are located.in rural areas for

safety reasons. An example of this type of industry
is one that produces hazardous products such.as
explosives or toxic-materials such as radioactive
Isotopes.

cated -in the country for no other reason than the
- desire to be in attractive surroundings. Have your
-students list some local industries that are located
in the country and ask them to give reasons for
- that location. .

}b“' 5
},a,A,M,' g

a5

Cemer;t Factory near Lyous, Colorado

Other nonhazardous industries are lo--

41

-fa(,e

Workers Fishing on Their Lunch Break Near Lyons,
Colorado, Cement Factory

Energy

The sources of energy are frequently located
away from the centers of population. Coal may be

- obtained either from deep underground mines or

dug out of seams that have been exposed in what is
called open-face or strip-rhining operations. Wh
the older deep mies are lacated in urban greas,
because the towns have developed around the
mines, the op¢n-face activities are located in open
country. o R "

]

Deep mines require a number of specialized fa-
q

_cilities including buildings to house the machinery
" that raises the coal and the workers to the surface,

cdal sorting machlnely, railroad car loading docks,
and areas in which to dump waste products. Open-
mining operations can dump the waste

-products back into the trench from which the coal

is removed.

o



; Ask the class to dxscuss a recent env1ronment/al

'lssue related to ppen-face coal mining,. . " .v .
.. Y

. ' N bl
/

Facilities for extracting oil or natural gas from

the ground are’ similarly disposed. Some are in

‘urban -areas, but the majority are located in rural
areas. In fact, some are located miles off shore. The .

land-based oil wells, of greater ipterest than off-
shore. facilities iin this discussion, require pumping
machmery, storage tanks, and the ‘equipment re-
qulred to transfer the oil to other forms of trans-
portatlon such as ships, ranlrond tank cars, tanker

: trucks or plpellnes

4
it

“Electrical power is produced in facilities lo-

_cated’ outside of, or quite remote from, the cities

that-are the major usé¥s of that power. ‘Hydro-
electric Jpower stations must be located close to

‘ reservou's High dams hold.back river water until an

"Co lu mbia: River

ERIC
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adequatev and constant head of water can be

achieﬁedito drive turbo-generators. A field trip to a

Grand Coulee Hydroelectrtc Power Dam on the

ki
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tho highways? . .

hydroelectric power station nenr‘* your school
would be : very-interesting activity. Power station
persoiu:el ure usually proud to have un oppurtumty
to desc nb}; their facility and the important te.x(ures
of the process! ) v

b . \\

.

. . . N
Nuclear powered generating stations are usual

has been much discussion recently on the environ-
mentdl hazards,that may be associated with these, -

Y

A similar env'}w{ ental discussion hus devel-
oped around a coal-firgd electrical power station in
the Four Corners are4. Where is the Four (‘orm'n’

_area and. why is it-so named?, \\'. hy-is i power sty:
tion there? Whnt area (l()('3 1t provide wlth (-loc

trical power? -~ - . R

v

Transportation =+ .

Roads, cwlrads, electfical power iies; and

pipelit: 5 fo- Lol gus, and other commodities are .’
requirc . ss the counyry. Rodads and railroads
geners. dow thg most direct routes that pro.
vide o ~ades and maximum safety. They would
not be 4 in ateas thut are subjected to severy
oodeyr e each rain storm: Similarly  traffic

routes across mountains attempt to use low it
tude passes instead of high altitude passes. Have
the students give the reasons for this, :

b

The requirements for road and milroad beld-
ing are very similar. The main difference is that
roads can use somewhat steeper grades and smaller
radius. b(‘n(h Cun your students Mplmn this? '

The development of the railroads in the l.m»/

-19th century played a major role in the history of .
_the nation. The map. shows a portion of K.mm.q

Note that the major milroad routes rn in rela-
tively stmlght lines, that numerous znmmunmm
are located along them.'and that they nre paratleled
by highways. Have your students exjilnin why this

is so. Which ('amv first--the t(m ns, thv nnlm.uls or
\

|
>

vided by cross-countiy pipelines, rmlmml tank cars,

.

Overland trumpnrtntiun of gas and ml iw pro«

* located: outbxde cities for “different reasons. T here\

fdcnlltle;rT(m,studonta can be asked to. list these
potenti dZd.I'(lb : b .

/

B f



and tank tlucks oA the h1ghways A netWOrk of

pipelines. criss-crosses the’ entire country. A new .

major. pipeline is now being constructed after some
years of argument over the envnfonmental effects

Can your students give the name and location of. "

thls plpelme"

Many commodities are transmitted. acrpss the
~country through pipes. Mixtures of solids and
-liquids can be pumped hundreds ‘of miles through
_pipelines., The “Big Inch” (24 inches dlameter) and
the “Little Big Inch” (20 inches diameter) are ex-

* amples of this. During World War II, the govern-_

" ment constructed these pipelines under emergency

COndltlons to meet the demands of war. They orig-

" inally . carried crude oil from Longview, Texas, to
* New Jersey. After the emergency they were sold to
‘private industry. The “Big Inch”’ still carries crude

COLORADG

" has been’converted
1 products.

»il while the “Little Big Inc
for transportation of petrolez_:

Electrical power is “transported” across the
country by high voltage transmission lines. The'
Smithsonian Magazine states that there are now
some 1200~miles of powerlines transmitting elec- -
tricity at 765,000 volts, and that voltages as high as
2,000,000 are being considered. An interesting,

‘and to some a disturbing, feature is that the elec-

tric field.around these lines.is so -strong that a
fluorescent light bulb will light up Without power
connections even when held as much as 50 feet
away from .the powerline. “Ask your students to

locate the local main power transmission lines and

give the voltage. A visit to the-local public service -

company or a visit by one of the publlc service - ¢

engineers will be ve/_y 1nform tive,

/
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Forestry . L

Forests cover vast areas of the nation. These
vary from the predominantly hardwood forests of
the eastern states to the predominantly softwood
forests of the western states. The hardwoods in-
clude oak; ash, maple, and walnut; the softwoods
are the pines, firs, and redwoods. Both types of
woods are used extensively by man. Ask the
students how each type of wood is used.

In additioh to providing a source of raw mate-
rials, forests play a vital role in the natural env1ron-
ment, of the country. For many years, we have
beett urged to prevent forest fires that can en-
danger the lives of wild anirﬁals, the lives an'd prop-"_.
erty of people who-live nearby, and the lives of’the
men who fight fires. Can the class list the dangers
resulting from forest fires? Now we are told that

“naturally started fires. in certain- Natlonal Parks are
being allowed to burn themselves out. Cai the
students give the reason “for this apparently con- Y
chglng approach? ’

’

s

~, .
Recreation . )

£y

The recteational uses of the land are. many.
They range from the arduoeus athletjc-sports of ski-
ing, water skiing, surfing, and mountain climbing, -
to the mote contemplatlve activities of fishing and
en_]oymg beautlful scenery.

Recreational activities are generally seasonal.
Skiing obviously requires snow while water skiing
and shrfing generally require warm weather, Hunt-
ing seasons are governed by the breeding eycles of
the game as is fishing to a lesseér degree.

Water sports such as bgating, both power and
sail, and water skiing are efcouraged in the major-
ity of inland water areas duch as natural and man
made lakes. Hunting takges place in all states al-
though  the nature of th¢ game pursued may vary
from state to state. Ask/the class to list the types
and to identify the seasons

Riz)ers s’uch. &s the Mississipj)i are used as i
transportation routes. This is a boat designed of game hunted locally,
especially for pushing barges. . related to each type of ame. W

3
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" These Sand Dunes in Colorado are Dedicated to -
Recreational Activities 4 CLN

o Envireumental Protection
U

Q

E
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IS

~.Environmer'nal p’rotvcti()ii or conservation
being discussed with much greater frequency and
_interest in recent years. The objective is to preserve
‘the natural or artificial conditions of the many f(-
“tures of the countryside.’ .

is

‘Conservation of Lhé forest. areas preserves Lhé
beauty of the trees and the natural habitat of the
wild life in the arm IL helps retain the top soil in

45

. turn

) . r
place; destruction of forests exposes l&he top soil to
erosion by natural and artificial. for(\es, which in"’
-auses pollution ¢f waterways that drain these
areas. Suggest that th- students relau‘{ this condi- -
tion to the discussion of forest fLres on page 23.

Conservation of agricultural land helps main-
tain the quality and productivity of \f’armlands,
Conservation of rivers and other bodies of water
maintains the quantities and quality of water* for

’ our needs : . <

5 B

The iargets and methods of envifonméntal pro-

~

_tection are continually being expanded| as new
" threats are identified. Some of these thieats are
-associated with

industry—the. ruining iof the
countryside with unrestored open-face mines and
the pollution of rivers by effluents from industrial
facilities. Vast areas of agricultural lands were al-
most destroyed in the early part of this century as -

a result of cultivation- practlces that did not[ profect

the ‘delicate balance of 5011 and natural moisture’
umque to that area. Have the students show the
area most affécted and Lthe most apparen| results.
. /

Regre,tably, many recreatlonal act1v1{1es 1esu1t
in damage to the natural order of things. Forest
fires can be started by careless people who-discard
matches or glass bottles or leave campfires burning.

Erosion of hillsides results from careless use of

recréational  vebicles such trail bikes, snow
mobiles, and all-terrain vehicles. Spectacularly
beautiful scenery is spoiled by carelessly discarded

litter.

H

Each of us must show concern for the needs of
each part of the countryside .we visit so that we can

_preserve it for nature and for future visitors.

The foregoing paragraphs are but a brief.sum-
mary of -the many uses of land and have been in-
cluded to stimulate thought, discussion, and pos-
sible evaluation of land applications near your
school. N C
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