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"Environmenta} Earth Sclence" is a new course developed at The University
of Texas at Austin by the Department of Geological Sciences and the-Science |
Edugation Center.‘ It is offered at The University of Texas at Austin as
Geology 361K wnd has been tried out during the spring semesters of 1972, 1973,
197k, and 1975. Revisions 'have been made as necessary after each tryout. The
project within which the course has been developed has been supported by the
National Science Foundation. ' ‘

The course includes lectures, discussion sessions, and individualized
Learning Carrfl Lessqgans., Extensive use has been made of multi-media technology
in the presentation of the course. Learning Carrels for individualized instruc-
tion have been| especially designed for this program. The lectures introduce
specific topics, suggest problems or questjons, and provide background infor-
mation. The discussion sessions provide the student an opportunity to ask -
questions and clarif& ideas.s» The discussion sessions also provide input and
feedback to the instructor. -

. ~ . .

The Learning Carrel Lessons have been Written'by culty 'and gradudte stu-
dents in the geological sciefices and in science educatidy. Writers and resource

contributors include Dr. Robert Boyer, Dr. Rolland Bartholdmew, Dr. Keith Young,
Dr. Samuel Ellison, Dr. James Underwood, Dr. David Butts, Dr. Addison E. Lee,
David Keller, Melanie Lewis, Wayne Schade, Ann Lee, and William McLoda. Tech-
nicians involved in production of scripts, sound, and photography were Stan
Prescott, Lee West, Charles Geffen, and William McLoda. Artists were Jesus
Rivasy Alice Canestaro, Aly Knox, &nd Javier Flores. :

Each Learning Carrel Lesson consists of a set of 2 x 2 slides, an audio
cassette tape, a study guide, a script, and other materials necessary to the
lesson. The study guide and script are in this booklet. ' Students may set their

wn time schedule within an announced period when slides and tapes are made
available, N .

The student should note the list of Learnigg‘Carrel Lesson topics to place
in proper content the lesson in this booklet, and then read carefully.the in-
troducti®n, rationale, prerequisites, and lesson objectives in the study guide.
The student should follow the instructigns in the study guide for the entire
lesson. In some instances, these instructions are also, repeated on the audio
caggette tape. The slides and tapes hdve been synchronized& to automatically

'advance the slides appropriate to the audiotape. However, there is a tone
signal given before the change of each slide #o that the lesson can be used,
outside of the carrel if automatic facilities are not available.. When the
student is rewdy to start the lesson, the "on" switchH should be pushed. If
the slides and ‘tape are operated mgnually, both will need to be turned "on."

The first slide is always a title slide or a blank solid colored slide. If
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the alides and tﬂée are mzﬁuaJJY operated, this title or blank slide should

be on view before the ¢ape is started. For automatic operation, the slides
and tupes will be set up by the Instructor or Proc{or beforevthe lesson and
between .each use. It is most important to start each lesson according to
these Instructions in order to provide synchronization of the slides and tape.
Remember that .slides placed in the tray to be used with a rear view screen
ure\reversed from those to be used with a front view screen.

_ The student will be instructed by the study guide and/or the tape to
stop at various places to-carry out certain activities. Usually the audio-
tape will say, "Please stop the tape -now and restart only when you have
finlshed this exercise." Therefqre, the student should wait a few seconds |
to finish hearing the instruction after the word "Stop." However, one should
not wait long enough for the tone signal or automatic change to the next slide.
This signal ghould be he#rd after you restart the tape.. If the lesson is
moving foo r#pidly, the student may stop the tape and slides at any time to
consult the study guide or script, but it is NOT POSSIBLE to back up snd
re-examine a given slide without completing the entire cycle of the lesson.

, It is particularly important for the student to carry out the fnstructions
for activities given in the study guide. In ordersthat a record may be main-
" tained of these ‘activities, each student should pick up a copy of the STUDENT
RESPONSE SHEET -which include questions to be answered and the other activities-
requiring responses. These should be completed and turned in to the instructor
ag required for grading, feedback for the instructor, and to provide a basis
for student interaation in the discussion group.

- Bach Learning Carrel Lesson is independent within the context of the course.
some of them provide direct information on a_given topic, but in an individualized
mode requiring some activities and théught on the part of the student. Qthers
place the student in & role-playing situation where some position must be taken
on provocative guestions or issues. . Others deal primdrily with applications of
environmental information. In all the lessons, the student is expected to receive
basic information that is coordinated with the lebtures, the small group dis-
cussions, and the readings. ’ h\\\\ '
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TQ THE S‘l‘UDEN’l‘:

This booklet contains two sections (1) the Student Study Guide
for this lesson, and (2) the Script or printed copy of the discussioq recorded
on the audio cassette tape

)
You are expected to begin with the printed instructions in the
Study Guide and follow them continuously as you study the lesson. In many
instances the same or similar instructions may also be heard or the audio
cassette tape: Refer to the script only if you need to refresh your memory
a8 to sométhing that was said. -The script is provided because you cannat
back up the tape if you tieed to review something already said on the tape.

Specific instruckions will be given” in the Study Guide as to
"when to start and stop thestape. Do not restart the tape until instructed
to do so in.the Study Guide. , '
. . Questlons requiring written answers should be completed on the
STUDENT RESPONSE SHEETS provided by the Instructor.

Thls lesson is in two parts and is somewhat long. You may choose
. to do Parts [ and ll at separate times .

| h INSTRUCTIONS
l ,. 1. @ﬁéad tﬁé Intfodhctlon, Rationale and Objgctives-for this leéson
N that follows. If you have questions, check with the Instructot or froctor..

7/

INTRODUCTION: | ‘ - - -

A, ".

P

Return for a moment to your own.elementary school days and’ recall
& qnce pypular riddle, "Where was Noah when the lights went out?". Of course,
. the ‘answer was, "He was in the dark." Exchange places with Noah for a moment

- and imagine .your predicaméht if every one of the lights in our ceuntry,
~ suddenly flickered shd died. "Nowhere would you be able to find a.bulb or
breaker to correct the damage created by a sudden Bhortage of electrical
energy. Even as the temperature of your own previously air-conditioned
environment began to rise, you would find nearly every household appliance
you own ugeless. You would find it impossible to transmit or receive commynica-
tion, avail yourself of commercial services, or transact your everyday affairs.
Your ease of travel would be limited to the extent of the fuel presently
in your gar. The 1list of complications greated by & shoitage of energy is
endless and unfortunately closer to realization than is commonly thought.

«

-~ . > .
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Bnch yeax our energy indusﬁries fall further behind in thpir abiiiiy to

supply power on deamand to a nation rapldly depleting its natural energy
resources. Without even knowing it, we have already stepped into "A Crisis
in BEnergy." This lesson inveghigates the nature and extént of our national

- energy situation

¢

Part I of this lesson explores facts and opinions currently under

‘discussion among experts engaged in redirecting our national energy policdies.

Following the format of a TV program, it is a real interview with real experts .
In the energy field who have presented theird#gews specifically for this
lesson. The experts were Dr. Wilson Laird, Director of the American Petroleum
Institute, Washington, D.C.; " Dr. Samuel Ellison, Professor of Geological -
Sciences and Dean of the College of Natural Sciences (currently exander
Deussen Professor in Energy Resources) at-fhe University\of Texas -Austin;
and Dr.~Y{erbert Woodson, Chairman, Department of Electrical Engineering at

The Uni;ﬂ?bi&% of Texas at Austin. . These experts~discuss significant trends

in the praduction and consumption of our principle energy resoqurces. } -

¢ VPé}t-II of this lesson provides you with basic information concerning -°
our energy resources. Much of it is in the form of graphs for yow to read and.
interpret. 1In other instances, specific numbers or other data are given and
you wibl/be?aske& to translate these data into various forms oY graphs. The
purpose of these exerciges is to reinforce your knowledge of the subject and
emphasize the importance of various medns of communication to learning.

v

N P A

. j
RATIONALE:

' "%elf~GVident as it may seem, in most situations we can help
individuaks adapt better if we simply provide them with advance information

-

\>\about what lies aheaqu" (Alvin Toffler in-Future. Shock) :

-

o

- e



e OBJECTIVES OF THIS

LESSON : ) L .

The objectives of this lesson are 1listed below. As you proceed
through the program, place a checkmack in the column(s) which indicates in
vhat part of the lesson each objective was discussed. (USE STUDENT. RESPONSE
SHEETS) . T

-

I T T Iy S S,

Upon Lompletion of all the exercises associated with this lesson
‘yuu should be able to: '

BN

N - . , v ‘ T -
" Part I Part I Objectives ’ .
1. state length of time undiscovered gas and
i oil will last in the United States A
. - 2. state the lead time in discoveriné oil

3. state 2 difficult}es involved in importing
hydrocarbons

‘4. state 4 methods of mining coal
. explain the fluctuatlzn in the utilization .
of coal frém 1900 to 1980 . JQ
: — S
6. state the years in which hydrocarbons and i r)

. coal ayxe expected to reach peak production

- in the United States e,
1+ . . r : o/

T. identify 2 fuels which can be used in's
' nuclear g;ectric installation

\ . 8. describe the process involved in converting
. _ Uranium-238 into Plutonium-235
i / . .
_ I 9. define lead time as used in this lesson
10. state length of time known recoverable
* reserves of gas and oil in the United States

.. - will last_ . ‘

. » ; -

¥ 11. state U reasons for the current and expected

continuance of the energy- crisis in the
United States .

. 3 ‘} .
' 12. evaluate,ramifications of a’decrease in ,
available energy in the United States in
terms of $he grossgeational product,
. : . - unemployment, and per capita income .

¢

13.

jdenti€y trends inienergy consumption by
fuel type during the next 10 years ,.

9 R
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During the next 15 minutes you will listen to the interview
-that {s Part I of your lesson. An edited traqscript of the interview is
prepared for you at the back of this Study Guide if you care to refer to
it for review. 4 :

.» . | )

2. Start the audio cassette tape and slides (for\hhnually
operated slide carousels, be sure the slide on the screen ig the title
slide or the blank colored slide in slot number one. Otherwise, the
slides and tape will not be synchronized). Listen to the tape and view
the slides until the ipterview is completed at the end_of Part I, then
STOP THE TAPE AND SLIDES. ' |

.
g . ]

-

: ~ Preview ygur lesson objectives and identify those oObJectives,
that relate to specific concepts ih the intetview. Check the objectives

on your STUDENT RESPONSE SHEET.
. \

LY

* [

4

h INSTRUCTIONS: ' . o .\ /-

3. . Restart the audio cassette tape. Listen to the tape and
view the slides until you are told to name a few trends that you think
might influence our rate of petroléum production, then STOP THE TAPE -
AND SLIDES as instructed. List these.trends under Frame 1 of your *
STUDENT RESPONSE SHEET.

N

o)



l Frame 1 | .

List trends,bagt you think might ,have influenced the rise in the rate

of petroleum pro®uction in_the United States. (USE STUDENT RESPONSE .
SHEET) »;

“~J\

H INSTRUCTIONS : | | .
. 4. Restart the audio cassette tape. Listen to.the tape and-view

the slides until you are told to stop the tape. .Then STOP THE TAPE AND
SLIDES.: You will need to eemtinue. viewing the slide with the graph
'Complete Cygle of Natural Gas Production in the United States and Adjacent

b “Continental Shelves, Exclusive of Alaska," since the questionsg below will
require reading this graph. Answer the questions under Frame 2 on your
STUDENT RESPONSE SHEET. - .. . \
“ 3
Frame 2 y;

1. The projection for the production of natural gas between 1966 and
1980 #& how many cubic feet? , -

3

N

What is our total Lapacity for the production of matural gas durlng
the 160 years plotted on the graph?

3. What isqur,percent per year pnoduction of natural gas in terms of
our total potential production?' B o
. . : P
4. How many cubic c:eet of naturel gas 1is estimated to be produced
between the years 1980 and 20007 .
During thls 160 year period the slope of the bell curve becomes
zero in what year? b

- | - | SR -
Yy 1vsrrucTIONS: - . )

. 5. Restart e ugio céssettg tape. Egsten t® the tape and:
, view the slides until fou are told to stop the tepe. Then STOP THE
~ TAPE AND SLIDES. Study the grid entftled "Ultimate U.S. Coal Production"
and the data below'it on the next page and from the data provided plot
the curve on your STUDENT RESPONSE SHEET

- * . . : l.
. . _ . . .
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- - INSTRUCTIONS : ‘ . | . |

-

6. Restart the mudio cassette tape.  Listen to the Jape and view |
the slides until told to stop the tape. Then STOP THE TAPE AND SLIDES and
answer the questions under Frame 3 on your STUDENT RESPONSE SHEET.

y )
Frame 3 . . o

L . .
N .

1. Who are the primarylconsumers of coal, -both past and préqent‘i ~‘

.
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W

1 .
" . [Frame 3 I (conbiqued)-'

2. Name 2 Factors which might have caused:
.on‘bhé-graph above.

years 1900 and 1970

-

INSTRUCTIQNS :

L -

. LS L=
~ ¥ N .

\

your score on the STUDENT RESPONSE SHEET.

h, INSTRUCTTIONS :

8. Restart the audio cassette tape. Listen to'the tape and view

!

: . v
.3. Name 4 pollutents emitted in the burning of coal."

’.. m‘

T. Restart the audio cassette tape. Liasten to the tape
and view the slides until you are told to score your answers. , Mark

»

L 3
«

peuks,aﬁd'diﬁs during the .

’

]

the slides until you are told to stop the tape. " Then STOP THE TAPE AND SLIDES,

and study the graph belaqw and answer the

STUDENT RESPONSE ‘SHEET..

Y

.. ' -
g .
. V] [y
- . ANNUAL ENERGY REQUIREMENTS
" . - - FOR ELECTRIC GENERATION
o 3000 '
’ . , | K T B
¢ . R . .
. . L . F.273 Nuctear 4/‘
’ ) o) Water /-
- (’2;'1
o ._ o iz
' . 2000 b— . \\\\\\\ Gas - {’/////
. § , 773 Coal ) 2l
e
& D
~ s 3
‘x
¥
®
~1000
s .
':‘. ": : ‘\l‘ ' ’
, 0 ¥l —
1950 1968
. e i ) Year
T A .
, ‘,.
, ’ \ . . :
" o ot / B
P 13"
* - . . ',' . 19 - \ o .

questions under Frame 4 on your

FRJ

[



>
Frame & o C T .
- , . ~ . ¢
1. %% 1980 nuclear fuels'will contribute (?) billjon kilowatt hOurs
¥  (XWH) toward the total generation of clectricity ' :
£ In 1980 coal will contribute (a) (7) billion KWH toward the total
géneration of electricity or (b) percent.of the 5 major contributors.

. 3. Referring to the graph of "Ultimate U.S. Coal Production, you might conclude
that 900 billion KWH i3 equivalent to (%) short tons of coal (assuming all
coal production is used in the generation of electricity).

£ .

. In 1980, which of the § sources will cqntribute least to electric generation?

hal . \

h INSTRUCTIONS : -

¥

) 3 msmuc'rxons

9. Restart the aud&o caesette tape. Listen to the tape and view':the
glides until you are told to sdore your answers. ¢Then STOP THE TAPE AND SLIDES
and record your score on the STUDENT RESPONSE SHEET.

-y 10. ‘Restart the.audio cassette tape Listen to the tape and view
the siides until told to stop the tape. Then STOP THE TAPE AND SLIDES. You
will need to continue-viewing the graph "Projected Electric JGeneration bl -
Source - 1965+200Q0," In order.to fill in the blanks on the chart below. JFi11
thes on your STUDENT RESPONSE SHEET

. \ . ~

1= Rest!t‘hé audio- cassette tape and listen to the tape ‘and
view the slides until you are given instructions to check Your answers with those
on the slide. Then STOP THE TAPE AND SLIDES and mark your score on the STUDENT
RESPONSE SHEET. -

I Frame 3 | ‘ R b "_ _ - -
- PROJECTED ELECTRIC GENERATION .BY SOURCE--1965-2000

AN

' ¥
TRILLION KILOWATT HOURS

SOURCE - \ 1965 1980 200Q
Nuclear-fueled steam .2 T A2
Coal-fueled steam \ b .8 - -

- Oil-fueled steam RS- (2) .
Gas~fueled steam »1 2 d

" % Other ’ 1 S j?

©  Pumped~storage hydro .05 . .05 .1
’ Conventional hydro . 2 () . . |

*

12.  Redtart the audlio cassette tapg. ‘Listen 'to the.tape and view

the slides until you gre instructed to stop the tape. .Then STOP THE TAPE AND
SLIDES and .complete the following graph as instructed. Your graph should be

made on the STUDENT RESPONSE SHEET. s s .




-~ Percent .
001 1 TR T | B T S EE S A
- - q . ’ . .
- : . NUCLEAR
. 90 : . e . . - .
o 3 w pos . - (‘As —
L 3 ..
m“ & ) -
) 60 - ’ ‘ -
| 30 |- L ol S N
40 | _ - N ~
AY ) le " ‘
; 30 - ’ oL ' . ’
- 2 . .
:i‘;i\‘ .
. .0 lﬂp i I W U T < B | N 1 1
| 920 7 1935 S 1955 970 1990
TOTAL U.S. ENERGY CONSUMPTION, PERCENT BY TYPE OF FUEL.
& : \"'\t | N . -
v TYPE OF FUEL . ~ YEARS _ :
N 1920 1935 1955 1970 1990 .
Nuclear - - -— 1% 25%
. L] i
Gas S\ 108 | - 258 35% 20% .
0il . 158 35% 458 | 456 358 . .
Coal 75v | sos | 258 | 14| aséd 0
Hydro 5% 5% 5% 1Y 58 o

h INSTRUCTIONS:

"Restart the audio cassette tape.
Compare the graph on the slide with the one you have made.

o .13,
the slide.

¢

Listen to- the tape and view

JThen .

-STOP THE TAPE AND SLIDES and’ answer the questions below on your STUDENT RESPONSE'
SHEET. _ - .

%

Q

Frame 6 | , p .

© ' " i . (4

“ 1. Coal contributed () % Yo the total U.3. energy consumption in 1920.: .
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[ ¥rame G ] {cont inued)

. , v
2. ln 1920, hydro (ontrlbuted f ) % to the total U.S. energy consumption.
In 1990 it is projected’ that hydro will contribute (1) % to.our total
energy consumption ) ‘ \

3. In 1970 0il contributed f?! % to the total U.S. energy consumption.

. L -

o

h INSTRUCTTONS : o . .

Lh, Restart the audio cassette tape. Listepn to the tape and
view the slide qhowing answers to the ‘questions_you have Jjust anawered
under Frame 6. Then STOP THE TAPE AND SL;DES Record your score on your
STUDENT RESPOth SHEET. S f

v : \ o B -

15. . Restart the audio casgette tape. ' Study fhe graph 'in.the
next slide, "United States Uranium Requirements and Préduction Capability,'
and follow the discussion on the tape.  When told to do so, STOP THE TAPE
and answer the questions under Frame 7. on Your STUDENT RESPONSE SHEET .

- You will need to view the slide continuously to find answers to these -

questions. ~

42




(fme) - g

" 1. What 18 the projected Lumulative productiom capability of uranium

in 19807

2. In 198) the antiual production/requirement will be (”! % greater

‘N “than the annual productisp capability. : )

3. During'the period betwecn.197d and 1985 our cumulative production
rcapability will have increased (?2 X. «In this same period our
cumulative requirement -will have increased (3) %.

“ V \. i
How do you think projected requirements are determined?

-

. Howjgwould the.introduction of a\breeder reactor in 1970 have
affected these projections for production capability?

A
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h INSTRUCTIONS : . .

4*

, " 16. Restart the audio cassette tape. Listen to the tape and

! ‘view the slide with answers to the first four questions under Frame 7.

¥ . Then STOP THE TAPE AND SLIDES. ‘Mark youY seore on ybur STUDENT RESPONSE
SHEET .- ~

17.. Restart: the audio cassette ‘tape and folldw instructions
for the following graph entitled "Fuel Required." STOP THE TAPE AND
SLIDES to complete» this graph on your STUDENT RESPONSE SHEET. .

S ) - ra I 8

[ S
&
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a L . K

N

. [ TrEor FoEL ~ TONS OF COAL PER YEAR ],
| ‘1968;1 . 1980 - ..1990
. ofy . \ 50, 90" « 175
Gas 120 150 180
Nucldar | 20 260 | 600 ?
Coml = 300 430 630

h INSTRUCTIONS: ‘ . ~ o,
18. Restart the audio cassette tape. Listen to the tape ang view
the sl;dbs and compare it with the graph you have made. Then STOP THE TAPE

AND SLIDES and answer the questions under Frame 9 on your STUDENT RESPONSE
Sﬁm » @ ¢ .

9 o - 19




?%Ehe ' _ i : ) ) . ' R -

1. WHich fuel type is projJected to have the highesv-rate of increase iu |
requirement over the 22-year period? .

o

Which fuel tybe is proJected to have the lowest rate of increase in
requirement in the 22-~year periodt?

.

3. Glve probable causes for your answers in 1 and 2.

b, List 2 envlronmental hazards agsociated with the consumption or
production of each ®f the given fuel typea. Do you think these
environmental hazards could influenbe the prol)ections given for
each fuel type in 1990? . _

NG - . ' ’ ’ . . . }

i .
h INSTRUCTIONS :

19. Restart the audio cassette tape. Listen to:the tape and view
the slides and review your answers to the first two questions above. Then
STOP THE TAPE AND SLIDES and record your score on your STUDENT RESPONSE SHEET.

e "Restart the audio cassette tape. Listen te the tape, v1ew the
slide, and listen 8 the description of the graph entitled "Fuel Source.
; Distribution for Electrical Power (1965)." Then STOP THE TAPE AND SLIDES
* and answer the questions under Frame 10 on your STUDENT RESPONSE SHEET.

21. Restart the aullio cassette tape and compare your ansyers
to the above questions with those on the slide. Mark your score on the
bTUpENT RESPONSE SHEET.

o
-

[Frame 10 | | . M S

Ay

¥

1. What fuel is used in your city to generate electr%;ity?

2. Predict what you believe will‘%e the approximate contribution by
fuel type to the total U S. electric power generation in 1980.

&y

Fuel type Percent Contribution Trend

. - - . -
. = . P

BQ

- <
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22. Restart the audio cgsgette tape. Listen to the tape and view 5\
the slides until told to stop the tape. Then STOP THE TAPE AND SLIDES.
Complete the graph under Frame 11 on your STUDENT RESPONSE SHEET using the,

data given below for fuel source distribution for electrical power projected:
for 1980. : . .

[Frume 11] | | '

“ ¥
FUEL SOQURCE . PERCENT DISTRIBUTION - )
N : v' Nuclear Power ~ 32%
Gas ' : 15%
> 011 . . 3%
Hydro ) S _13%
Coal B o ) }I}

FUEL SOURCE DISTRIBUTION FOR “}LECTRICAL POWER (}.980)

*
. AN .

_ .
. C . hani
.- h INSTRUC'TTONS :
. ‘ 23. Restart the audio caséette tgpe. Listen to- the tape and ‘view the

slides. Compare your graph with the one on the-slide and record your.score on’
your STUDENT RESPONSE SHEET. Then STOP THE TAPE AND SLIDES.

-

24, Restart thé audio cassette tape. Listen to the tape and view the
*  slides until the end of the lesson. o

g
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OBJECTIVES OF THIS
\
The oblJectlives

LES

[}
"ANSWERS TO QUES’I‘I.PNS IN STUDY GUIDE

SON:

1

of this lesson are listed below.

" 16

~

As you proceed

through the program, place a checkmark in the column(s) which ‘indicates in

what part of the lesson each objective wasidiacussed.

SHEETS )
»w

v

{USE STUDENT RESPONSE

L

Upon completion osfhll the exexcises assoclated with this lesson

yYou should be able to:

»

Part I Part II Objectives
' l;h state length of time undiscovered gas and
, X oil will last in the United States
. i
( X_ X 2. state the lead time in discovering,oil
‘— o " 3. state 2 difficulties involved in importing
X i hydrocarbons . _
. \ X L, _state 4 methods of mining coal
- ‘> X 5. explain the fluctuation in the utilization
r of ¢oal from 1900 to 1980
‘ . > ' 6. state the years in which hydrocarbons and
X »coal are expected to reach peak. production
’ ' . ”in the United States
» T. 1identify”2 fuels which can be used in a
- X . nuclear electric installation _
8. describe the process involved in converting
X N ) ' Uranium—238 into _Plutonium-235 ‘
X 9. define lead- time as_used in this lessqp ,
¢
" A0. state length of time known recoversable -
N reserves of gas and oil in the United States
X : will last
i : - 11. state,lt reasons for the current and expected
X ' N continuande of the energy crisis ‘in the
y. - i B United.Statea L ‘
) 12. -*eva.lua.te ramifications of a decx"eas‘ in
. ‘ . + available energy in the United States in
\ X . terms of the gross national product,
- . ' _ s unggp;gxgent, and pex capita iﬂcome
q | : 23. identify trends in energy consumption
' X

.

by fuel* txpe Qurink the next 10 years
. ’/ =

ifi? S SRR .

" X a



! a , ’ ] ’
Answers d . \/' S, '

Trends to about 1960;:

1. increased consumer demand ' ' N R °
' 2. increased production technology ' v v
3. increased geologic information about oil formationa v
and locations
! 4. high profits for many industries (production refining, -

: N
l fransporting, etc.)
f - 5. governmental regulation : ' oot
Trends after 1960-—decre§8e in rate of production due to:
1. cost increasing faster than profit ¢
2. desirable and profitable well sites diminishing
\ 3. output from individual wells diminishing
4. technology unable to keep pace with demand
\ '5. governfiental regulation

¢ s

FRAME 2 | Answerg |

P4

Answers to the questions below can be determined by a study of the:graph
or the slide projJected on your viewing screen. The same graph is reproduced

beldbw. X
/\f 80 o { Rt Rt Ts*r"“”“r B R ""&NX\\\V\V
; J B .xoo> ot
f R
30 - -~ e ;’ Bt TP, SRS A W
/
. f; »
. _‘\;‘ 40} - R S S 5' —— S - 3 SRttt SEESELER
o : ! Q, * 1290 %10 1v?
@ ! A H R (Besbe 1967
-0 P(RCINY[ (63 YEARS) —— oy
ST NS (U SRS AU W IS T U S -
B ) N F ol - 1
! : |
| |
| |
- b e
| 4
L Y \ b .
| \ | .
! I \\\ | | , *
. "C“x'o"n’-\\: t- Cip e
l i‘\&
| A N
\ i ' ‘| .
. ) L. ,1._ [ IR S Py ~ad
. . 2000 2020 2040 2060

©w

Complete cycie of natural gas production in the United States
i and adjacent continental shelves, exclusive of Alaska.
b ‘ - - (from Hubb‘&\rb 1969, p. 190)

c L 23 N
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1. The proJection for the production of natural gas between 1966 and’
1980 18 how many cubic feet?’ . .
€3 - .-

283,x 1012 g83. 10 obtain this answer, read data directly

from.ygour graph. On the horizontal axis (abscissa), locate .

the time period between 1960 and 1980. the projegted

production for natural gas is already calculated for you .

between these years and is identified by the numeric value

given 'in this column prepared with repeating diagonal lines.

This value represents the total amount of proje¢ted produc-
. tion of natural gas (in cubic feet) during the period between
* , 1966 and 1980. ‘

What is our total capacity for the prodquction of natural gas during
the 160 years pletted op the graph?

[AV]

. 1290 x 1012 3.  Add the production values of the 3 pPrimary
areas under the curve for, the total capacity of production of
natural gas during the 160 year Eeriod plotted on the graph
(1.e., 318 x 1012 £t3 + 283 x 1012 ft3 + 689.x 1012 £t3 = ¢)

L

3. What is our percent per year Qrbduction of natural gas in terms of our
-total potential production? - -

6.34% per. year. Read the numeric value directly from the
graph. The slope of the curve in 1966 is used to determine
the percent per Year production value and is given on the .
graph as a dotted line extending above the curve to the top
of the graph. ’ .

-

.&

* 4. How msny cubic feet of natural gas is estimated to be produced between
the years 1980 and 20007

410 x 1012 ££3.  1In the upper right-hand corner of .the . graph is
a reference square -labeled 200 x 1012 £t3 to help you determine
absolute quantities in terms of area under the curve. Using
this square _you can approximate the absolute value qQf proJected
production during the" years between 1980 and 2000 much like you

\ ' would have done in answer #1 above.

Kt \

5. During this 160 year period‘the slope of the bell curve becones zero
in what year? . \ .

128 . The apex (highest point) of the curve is shown in the

- year 1980

¥ ? 7
.

~.

~
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- Gfaph for Ultimate U.5. Coal Production 3 /

.19

| 5 r- “L’rmix;.;bbw‘.mru __‘.- ,", r“-_.._,.._.__...:,\._ ..Tr..:.._.,..,..wr M...,_..-]
|| short tone | I
4 " :
g3 ’“é"d'w‘ivq B \
g 35x 103" Y by L
2 t one . chf +-
E © ultimate. . k
recoverable .
S | N m
865 x 109
3 . short tons
0 ’ R _
1800 2000 2200 2400 2600 2800
ULTIMATE U.S. C&AL PRODUCTION .
" YEAR BILLIONS OF SHORT TONS PER YEAR
1800 | ,02 - ‘
1900 . . 30-
2000 ' ' 1.Eo (
. 210Q 2.20 .
23Q0 2.30
2300\ | 2.00
~2hop | 1.10 .
2500 |\ .60
2600 .23
2700 .05
. 2800 . .02
Ansvers <
. ™ )

. Who are the ﬁrimaryiconsumers of coal,'boﬁh past ahd bresent?_‘.

1.
2.

PAST. . 9

&t

" railroads *
residential consumers

3., industry (power generation)

o’

3

24

* PRESENT

municipal power

© generating plants

industrial power
generating plants
heavy industry
(used in making steel)
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%
<. Name 2 factors which might huveretuaed peaks and dips during the
, years 1900 and 1970 on the graph as.shown on the slide.
a. depresston of’the'l930's -fi ' T e
b. _énvironmental conoerns _ . L
3. 'Name'fouf pollut&nté‘eﬁiéied in the burning of éoal. ’
S0,-- sulfur dioxide Cd --' cadmium o |
I ) ) , o* -« g
Hg - mercury L Pb -- lead S
T IFRAME § I Answers
- T ! - ‘
. The following graph 1s taken from: Singleton, Arthur L. Sources of
o " Nuclear Energy, Atomic Energy Commission, 1968, p. LY - "
ANNUAL ENERGY REQUIREMENTS
o FOR ELECTRIC GENERATION
3000 T T T T T @
" . B2 Nuciear ¢ ‘ G“
: : Water v
’ ’ ) on | -
2006 _ N Gas '
- [/774 Coal
A 7
g /( ....\.\\“:‘:f
XN ‘:bo’o. \::
s S
R R e )
. s . . “.\‘ 00 A \\\\
1000 |— '4C¢\v f\ \Q§§S§ W.
S N: N .
. c S MO
- ‘ . . $$ \\\\\ ‘ .
o IN \
- v : ' S //// '
: 0 ' g 4 )
' . 1950 1985 1960 - 1968 1970 1975 1980

Year

billion kilowatt hours.

1. In 1980 nuclear fuels will contribute 1
ectricity.

(KWH) toward the total generation &

To obtain this f"igurk,',‘~ ocate the year 1980 on the horimntall

.axis. Now'locate the nuclear contrizzéionfroq this year and
determine the approximate amount of..KWH's produced in this
~ year from the index given on thé vertical axis (ordinste) on .
~ the left alde of the graph. Remember the sbscissa is given
" in increments of 1000 KWH intervals, : :

-

» Al ) . Sy

. . ' v, ) ) , ’ L )
- . ’ ’ o ~ . ‘> : s -, N
. . .
) ‘ Ce : ~ “~ - . . e 26 . . N
1 ’ ~. . N . . . -
- X . b . L . . e K R .. A

«’
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2. In 1980 coal will contribute (a) 900 billion KWH toward the_total
generation of eleqtricity or (v) 33 percent of the 5 major contributors.
To obtain these figures, determine the absolute requyirement
, . of coal in 1980 by first following the steps given in answer ' *
e #1. Next, determine the total requirement for all contributors.-
) . in 1980 by adding the ifdividual fuel contributors égnreading the
P N ) cumulative annual requirements directly from the graph (i.e., in ‘
' - . - 1963 the cumulative. annual requirement was 1000 billion KWH).
- " - Using ther following formula, determine the percent requirement
~ » 7T of coal bo_the total requirement: = :
) . Y e . * -
[ 1 coal requirement .(1980) x 100 l s
o total annual requirement 1980
LS : . : .
’ < ! .

3. Referring to the graph of "Ultimate U.S. Cohl Production," you might

~-% requirement

& conclude that 900 bdillion KWH is equivalent to 1 billion short tons
- : _ of coal (assuming gll coal’ production is used in the generation of

electricity). »

900 billion KWH is the projected requirement of coal in 1980
(reading from the graph of "Annual Energy Requirements for
Electric Generation"). Determine from- the ghaph of "Ultimate
U. 8. Coal Production" how much coal will be produced in 1980.
_ Assuming all coal production is used in the generation of
. electricity, these two.values should be equivalent.

. ' ' E coal requirement for- T Unjted States coal -
, electric generation (1980) production (1980)

4.. In 1980, which of the 5 sources wil} contribute least to electric
‘generaktion? ’

. . ; )
0il." According to the. graph of "Annual Energy Requirements »
for Electric Generation (1950-1980)," oil will contribute
least to alectric generation. How do you think oil will be

S used in 19807 . : :

-

b
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[ FRAME 5] Answers

- * &
}

The tollowing data dre taken from a bulletin published by The Council on
-Environmental Quall'ty, 1970, p. 81.

-
¢

l'rolochd‘ Electric 'Gcnwatlﬁn '
- by Source ‘1965--2000
Annuel aversge thon -
10 - X

I\

Nuclnr-
" Fueled
Shnm__

onf \Il'“’d Stasm el

: gt N
FYS assmn \ “Conventienal Hydre )
966~ - 1980\ . 2000

To complete the table below, find the yea.r in question on the horizontal

-axis of your graph. Locate the energy source in question and determine

its maximum and minimum values in trillion KWH for the year in’ question.
The absolute difference between these.two values determines the equivalent

. energy gonoration for a particular source.

1

' AY .
38 | - .
. CoN . . - i .
-

22



' . TRILLION KILOWATT HOURS
. . 'SOURCE 1985 1980 2000
. Nucledr«fpeied‘steam 2 T 4.5
" Coal-~fueled steam N .8 - 75,
Oil-fueled steam 2 .4 .6
Gas-fueled steam 1 ) .4
Other PR | .1 ‘ V&
Pumped-storage hydro 0% .05 K5
t Conventional hydiro 2 .3 b
| *
FRAME 6 Answers !
-
M‘CLEARW'_“
~
~_”§N‘Tl |
. '
|

Lo _#
1990

o 1920 1935 955 970
© TOTAL U:S. ENERGY CONSUMPTION, PERCENT BY TYPE OF FUEL.
TYPE OF FUEL | YEARS \
1920 1935 1955 1970 1990 |
- Nuclear - L == e e LY 2;\ )
Gas _ se | 1ov | 2se] 3se ] 208
o 04l b s s | dsad ass ] asa
"ﬁ"f'_ | Coal ‘ 750 | 508 | 258 | 14n | 15%
{ Hydro. | _5% 5% 5% 1) 5%
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1. Coal contributed [5% to the total U.S. energy consumption in 1920.

b, In 1920 hydro. contributed 5% to the‘total U.S..energy consumption.

In 1990 {t 13 projected that hydro will contribute 2} to our total
energy conaumpyion. . - :

’ 3. In 1970 oil contributed L45% to the totad U.8. energy consumption.

A )
You can read these answers directly from the graph (width of the band in %)
or the table.

Answers : < 4

The following graph is copied from the ore shown on the slides you have
.viewed. It was used as a basis for answers to the .questions that follow.

<

. Thousandl of tons U3Q§

-~ 500_‘\ - - L

PRODUCTION CAPABILITY

]

R T

i
e oeow
- o e e

IIIIIII Cunulative

R~ Roquir.mopts

3001~

200

100

1970 | 1975 1980 - 1985
: " Years

UNITED BTATES URANIUN REQUIRRMENTS AND PRODUCYION CAPABILITY

¢

!

1. What is the projected cumulative production capability of uranium
: in 1980? _

[
Py

) 230 Thousands of Tons of U308'_ ~ T




2. In the 1985 the annual production requirement will be 100} greater _
thnn the annual production capability.

“

To determine thip answver:

- ‘ & y
- annual production _  annual prodﬁction ¢
- requirement capability '
‘ annual production \ "X 100 = % Increase @
capability ' ' ‘ )
| | or 66 -33 4 .‘
33 X 100 = 2900% Increase ' %

3. During the period between 1970 and 1985 our cumylative production
capability will have increased (a) 2900%. In this same period our

| ( eunulative production requirement will have increased (b) Tu83%. .
o \j a. cmlative production __ cupulative production
) Lapability (1985) :Zability (1970)

cumulative production X 100 = % Increase
capability (1970)

3§0 - 12 D e
15 x 100 = 2900% Increase

b. cumulative production " cumulative production ‘
requirement (198%) requirement (1979)
: _ cunulative production
~ : requirement (19T70)

,ﬂiﬁnn%__é x 100 = 7&83} Increasé _ ’

Note: How Q,o answers: (a) and (b) compare? What is the ™
significance of the differences?

x 100 = ¥ Increase

L, How do yow think projected requirementa are determined? A .
Government and private studies based on trends in consumption
of electrical power greatly infMuence proJections for the
requirement of nuclear fuels. Re@pmber, all“of this energy
resource is ultimately converted to.electricity. There is an

I' expected high correlation between power consumption and
o : economic indices, such as gross national product, unemployment,
t consumer activity, and even population. The lack of other
Ve “avallable fuels at competitive prices.has perheps the greatest
: - fnfluence on projections for the use of nuclear 53013.
' {

[N

/,

i .
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i
5. How would the int}ddudtidn of g_braeﬁir resctor in 1970 have affected
these projections for production capsbility? . .

At current prices there are only about 550 plant years of known
recoverable Uranium 238 in ‘existence in the U.S. This means that
- 1f only one nuclear plant were built, we could expect it to have
sufficient fissionable fuel for-only 550 years. If two plants

were built, this time factpr wohld be cut in half, or 225 years.

In the graph below projections for the cumulative number of nuclear
pover plants in the U.S. in 1980 are given. If 100 plants do -
exist in 1980, each plant would have less than 5 years of %roductive .

} , _ "~ life -- sssuming equal fuel consumption at each plant site.

o

]

mmb’wd nuciear power plants

3
o
N L
8
5

L §
«

»
L

1950 1960 1970 1980 1990 2000

o

PROJECTED INCREASE IN NUCLEAR .
~POWER PLANTS in UNITED STATES

-

-~

- D Compare the graph above with the gfsph of "United States Uranium
- ~ Requirements and Production Capability,"

. .
s R
. .
' ) ‘ 88
. - .
\ A L e e ey . -
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: [ FRANE_§ ] Ansvers - ‘ ‘

- [}
.. [

1.0 wnich fuel type is projected to have the higheat rate of increase in
xequirement over the 22-year period? _ . . :

Nuclear. Examination of each bar ahould reveal which fuel
type is projected to have the highest rate of increase in
requirement./ The rate of increase may be ‘determined by"

¢ _ calculatjng he percent growth of requirement over -the
22-year peripd.

Example: . ~).
cont (lggggl El9gg§l 1268) X 100 = % Increase o

2. Which fuel type is proJected to have the lowest rate of increase in
.requirement {n the 22~year period?

Gas. Use the above procedure to identify the fuel type

projected te have the lowest increase in requirement. " L%
: B Y

~

3. .Give probable causes for your answers in 1 and 2 above.

Indications are that nuclear fyels will become inexpensive

to produce and consume and miy'@ltimately prove harmless

to the enyironment. Gas will have the lowest rate of
increase because we have already recovered nearly all that

1s economically feasible to.do so. Without changes in
technology and price structures, 1ittle more gas caen be
expected to be recovered relqtive to our needs because we are
already producing natural gaq at a maximum rate.

L., .List 2 environmental hazards agsoclated with the consumption or production
of each of the given fuel types. Do you think these environmentql hazards
could influence the projections given for each fuel type in 1990?

“~

Nuclear: thermal pollution, disposal of radioactive

wastes, radiation emission . .
Gasg: discharge, LNG transportation 2
Oil f spills, SO, discharge

Coal : strip mining, 802 discharge'
The protection of the environment will probably plague the

s energy industny for a long time to come. Should the production
or consumption of any fuel prove too dangerous to public health
and velfare, it would be reflected in scaled down projections

. for its use. Of courde, the opposite holds true as well. Unless

S satisfactory substitutes are developed, future projections will also

reflect scaled down, values for our standard of living.

oy . -~

»

24




lﬁFRAME.lO'] Answers

1. What fuel is used {n your city to generate ‘electricity?

. Austin, Texas

L

reserve fuel i\ an emergency.

\ s

. .
Natural gas with oil used as &

v 2. Predict what you believe will be the approximate contribution by
fuel type to the.total U.S. electric power-generation in 1980

-~

Q

’ _ &
Fuel type Percent Contribution Trend
A. Nuclear 32% l Increase
B. Coal 37% Decrease
!
C. Natural Gas 15% N~ Decrease
D. 0i1 < 3% ﬁecrease (
B. Hydro 13% Decrease
¢
[+ 4
- ’ . N
y

29
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\
*  Nuclear
FQEL SOURCE . PERCENT DI§$RIBUTIOHLI
Nuclear Power | 3%
Gas . - 15%
* ‘ : . .
0il ~ .4 3% )
- 4 -
Hydro - 13%
' Coal ' 37%
e... . )
{

To prepare this pie-graph above, locate the center of the circle with a

/ ruler placed on the diameter of the clrcle. Draw a radius. Place a

pro\ractor on the radius with the-"0" on the center and the straight

edge] of the radius. For 37% coal, gompute 3T% of 360° = 133°. Make

a new radius at this point. Move the protractor to thig radius and compute
gas, 15% of 360° = 54°." Repeat this procedure to calculate oil,

3% = 11°, hydro, 13% ¥ 47°_sand nuclear, 32% = 115°, '

Ve
” . .

A



£ h L 31

\ Ay
’ - -
BIBLIOGRAPHY ' - ' . =
! [ .
- K. Bachman, W.A., et.al. '"Forecast for the Seventies," 011 and Gas Journal
: Volume 6T, 1969, pp. 160-203. iltus..
¢ Barnea, Joseph. "Geothermal Power," Sclentific American, Volume 226, 1972,
" pp. 160-203. illus.” ‘
" Dieckamp, H. "The Fast Breeder Reactof: A Source of Abundant Power foy
X . " the Future, Eos, Volume 35, 1971, pp. 756-762. 15 figures. o
Gough, Wiiliam C., and Bernard J. Eastlund. "The Prospects, of Fusdon Power,,
Scientific American, Volume 224, 1971, pp. so-6h illus.
Hammond, Allen L. "Breeder Reactors: Power for the Muture," Science, ‘
Volume 174} 1971, pp. BoT- 809. ,
. Horgerson, John F. Nuclear Reactors. Atomié Eneréy Comupigsion, Osk Ridge, ;
Tennessee, 1970, Revised edition, 54 pp., 1lius.
Hubbert, M. Hing.. "The Energy Resources of the Earth," Scientific American,
Volume 22h 1971, Pp. 6l~70. illus. . .
- King, Robert E. "Offshore Interest Centers on North Sea, Far East,"
Scientific American, Volume 224, 1972, pp. 61-T0. 111us.
McCag&in John C. Natural Gas: How Much Now and How Much Dewn the Line,"
0il and Gas Journal, Volume 70, 1972, pp. 67—71. illus.
‘ .
McGee, Dean A. rgy: Past, Present and Future. (Privately printed by
. Kerr-McGes 011 Company,'l967) 33 pp., 1k figures.
McKetta, John J. "U.3. Warned abbut Energy Chaos, World Oil, Volume 1Th,
1972, pp- 67 8. 7 figures '
Owings, M.J. "Pétroleum Liquids in Energy Supply and Demand--Some Significant
© Influences," Journal of Petroleum Technolog[, Volume 2k, 1972, -
KR pp. 521-529. 12 figures.
o» ' ' -
h Risser, Hubert E. "Fossil Fuel Supplies and Future Energy Needs," Eos,
Volume 35, 1971, pp.. T63-T6T7. 10 figures.
Seaborg, Glenn T., and Justin'L. Bloom. "Fast Breeder Reactors," Scientific .
' American, Volume 223, 1970 pp. 13-21. illus, :
1» bkinner, Brian J. Earth Resources. Prentice-Hall, Englewood Cliffs4 New

Jersey,r1§69 150 pp., illus.
y

/,mYarbrough Norman. "Bright Future Eyed for Utilization of Coal," Mining
Engineerigg Volume 22, 1970, pp. 113-117 111ps.




- SCRIPT. FOR LEARNING. CARREL LESSON
6.6

FUTURE PROJECTIONS -*

L

ENVIRONMENTAL STUDIES

A Coqperativg ProJect of the Dapartment

of Geologica} ficiences and the Science
Education. Ceﬂfgr

I\

/
. l\
/"
Y -
THE UNIVERSITY OF TEXAS AT AUSTIN '
ey
A

%



4
= - w . . . o 1
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(title) r" :
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4
- - X." VN
National Week i ' Good Evening. This is National Week in Review.
Review (photo o Tonight . . . "A Crisis in Energy.Y
group seated . ' ) ' ,// . .
. around a coffee | \ ' ‘ ) . .
. ““1 table) , Sl . .
B . " o . A
T ) N ¢
- N
b ' | Our guests this evening include Dr. Wilson Laird, ‘ :
— —— Director of the American Petroleum Institute, Washington,
A Crisis in D.C., Dr. Samuel Ellison, Professor of Geological Sciences
| Energy (group and Dean of the College of Natural Sciences at The University
photo) . . of Texas at Austin, and Dr. Herbert Woodson, Chairmen, _
- ‘Department of Electrical Engineering, also. from The University
of Texas at Austin. Your moderator, Mr. Stan Prescott.
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(S1)

Dr. Wilson Laird (Laird) "I think that we should: élarify the situation
E a little bit to say approximately how much of the energy
is made up by oil and gas."
.

-

)

¢ . A
& , _ r
— me ¢ "Apprqximately T5 percent of all of the' energy that we
use in the United States is generated by oil and gas.
Dr. Wilson Laird| . A relatively small amount, about 4 percent, by water,

an infinitesimal amount at this moment (percentage-wise)
from the nuclear, and the remainder being coal."

L

£

;——_ - .."‘

an

T '“*WL_‘

‘| Dr. Wilson Laird "Now we are .using at the present time in the United
.“States about 15 million barrels of oil a day, whith is
roughly five milliom barrels a dqy more than we are able
to produce."

-
. 4 .
————r—
* . . A
. - :
* .
) . !

- - ¢
"
8 ~1 ] : .
] - A "We hawve to import the remainder from other countries.
Graph of U.S. < We are in' a situation where the gas has to be rationed
petroleum self- - in epproximately twenty different states, and over
sufficiency . | = . aixty conmunities. We have a situation where coal, of
TTIgsEIIgYs which we have abundant supplies in the United States,
. . has to ‘be rationed in as far as use is concerned,

a3 relative to “the sulfur contenf B
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'Mn. Preacott
N _and -
Dr. Laird

S

W

(Prescott) *'Dr. Laird, ve read in the newspaper
. avery, day abvut rationing and our dwindling reserves
¥ and what mot, but why. are we faced with a shortage?"

L4 .
. -
IS .
S
)

L4
. L .'.
» PR
| j -%‘ | . ”
, . : . [ ; . . - [ 4
Fey - . " ’ B A
1 A
o ‘D ~
: . : L’T : , ¢
. .qﬁ-— - ¥ N .
{ v . (Laird) "We are faced with a shortage simply because
¢ Dr. Laird we have not gone out and actually looked for it in
' the last fifteen years in Bhe same way that we used to
: because of 3overnmgﬁtal policies, because of economics.
S And secondly, there has been a tremendous increase in
demand over the last fifteen years, more so than average."
¢ . c .
. 3
- ’ - . . a
t . l\ _Y
y ' " “ . .
1 | | e .- L
—_— (Prescott) "“Hasn't. industry“been able to keep up
: ' , . v with this. demand?" . v :
Map titled S . . 3 ; '
"International (Laird) "The industry is able to keep up with this
Flow of Petro- . demand primariix by the importation of cheaper foreign
leum - 1967" .0il, and to a considerable extent, gas."
f:; : ;‘~_~;~_~*J (Prescott) "I see." .-~ \
v\ Y - ’ ;
v . * " .
’ ) ‘ . &
» : - € -
¢ 1’2' e . * l ¢ '
. \
b S A‘-: . “. . : .
Phcto of entire. (brescott) "Dr. quddbh, can you tell me and tell our
. group. , audience why.we are faced with & shortage of fuels? This
‘ p S - is a fundamental question people are asking these days."
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— ~ (Woodson) "I think one of the things that's aggravated
our problems with oil and natural gas has been the problem
- {Dr. Herbert H. with burning coal in poger plants. There's heen so much
Woodson pressure ‘to cut down thé emissions from power plants that
_ ' o there's been a tremendous increased demand for petroleun,

y . . for oil and gas, to burn in power plants where we burned cosl

Hﬁ] ‘ before. And I think this has aggravated the shortage of oil

and gas." -

N

W

— L

L)
‘ Mr. Prescott
s and (Laixd) "Yes, because the amount of power that’ was
‘ Dr. Laird produced by coal now has to be taken up by. oil
' l' , ' simply because the gas is not available to do it."
-
- -
15
Mr. Prescott (Prescott) "Dr. Laird, you're from the American Petroleym
* and - Institute. In your opinion, do you ‘think it's a good
Dr. Laird idea to be burning petroleum in order to generate electricitys"
t ) '

——] e—— . , I
-
oo ,

16 — '

. . » \ ' .
— ~—- ' (Laird) "I have no inhibitions' about burning residual .
- fuel oil to produce electricity. I do have some S
- Dr. Laird reservations about burning gas under boilers.becaiuse

'of the fact that gas has other higher uses, for example,
domestic home heating and for chemical uses." o
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oot

Mr. Preacott
and
Dr. Laird

(Latrdd-_"But it's again a problem of economics. And

one of the reasons we're in this situation right now,

to amplify the former remarks, is that the government,
because of the importuning primarily of people of
environmental persuasion, have kept down the amount

of leasing that is being donk. For example, in the

Gulf of Mexico, where we do know reserves of a ‘(
considerable magnitude lie."

.

]

Dr. Samuel P,
l Ellison

(Ellison) "The environmentalists in their effort to
keep a clean environment have really prevented the
United States from gaining the use of energy that might
be available off our Atlantic and coastal areas, and
denial of the right to the* Alaska pipeline to be built
is denying the use of the North Slope o0il reserves
right now."

Y 4

—.—qo.l

Graph titled .
Energy Consump-
tion Per Capita'

P
. l

(Ellison) "I think more importantly, the United States
uses about 25 percent of the world's production of oil
and gas each day, and yet we have only about 6 percent
of the reserves of these things; therefore, our future
is, Ry 1985 we will Be depending upon 50 to 60 percent

of our oil and gas needs on foreign oil supplies.”

| 20 . '

POV, ey

Group photo

(Preacott) "Dr. Ellison, agsuming then that we are

" running low on domestic oil, I guess the alternative

do’ you see this as a viable alternative to the groving

is to import oil and import other fuel needs; howavei:/)
rate of consumptiont"

¥

43
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Dr. Ellison

-

L

(Ellison) "My reaction is in this world wve're going to
need all the sources of energy in‘the future, and certainly
importation, as long as that is the economically proper
thing to do, 14 one way of doing it. However, if we try

to import all of our fuel needs, that means then that our
balance of payments are disappearjng very, very quickly

and wa're spending all of our money .and givihg'it to some
foreign country for this fuel."

1

o

22

—

Dr. Ellison
and
Dr. Laird

ARa &_p

e UV

L

-

i

(Ellison) "There are other alternatives eventually as the
econumics are adjusted. We do have tar sands in North
America, and we have oil shales in North America; but these
will be a long time in developing because of the many complex
technical things that allow them to be developed. There.

is also the possibility of nuclear fuels, and if we go to~
the nuclear fuela, it's my belief that nuclear energy will
be the major source for electrical energy in the future,

and that the portable fluid fuels such as oill and gas will
have to be reserved and rationed for portable transportation,
such as airplanes, automobiles, and boats.” .

. Group photo

)

I

g

(Woodson) "If I could just amplify yhat Dr. Ellison
sald a moment ago with some quantitadive things,"

*

2l

Chart titled
"U.S. Energy
Balance"

3

——————— et sy

(Wbodsoﬂ?,‘” «+ 1f we refer to the chart on the U.S.
energy balance up here, you notice that the projection
by 1985 has us importing about 15 million barrels of oil.
a day." s _

44-
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/

Chart titled
"Initial
Appraisal
1970-1985" -

(Woodson) "Now in terms of today's dollars, I believe
that's equivalent to an outflow of money of an amount
of 25 billion dollars a year in imbalance of payments,'"”

Lo W

2 L
i Dr. Woodson

. and

‘Stan Prescott

:l_'

(Woodson) ".. and I think it simply is a matter of fact
that this country cannot afford that kind of luxury,
to export 25 billion dollars a year."

27

Dr. Ellison
and .
Mr. Laird

(Woodson) "Now it ie also an interesting plece of
information that in order to build plants to either

get crude oil from the oil shale in Colorado, or to

built a plant to get this same petroleum liquid from

coal would require a capital expenditure of 75 billion
dollars, and that's only three years worth of cash outflow
from the imports." !

]
H

,J Dr. Woodson

(Woodson) "SeVenty-five billion dollars is an awful

lot of capital, but it still seems smull compared to
.25 billion dollars a year in imbalance of payments

caused by the importing of oil. But if we're going to
gpend the 75 billion dollars to develop this alternative
source of petroleum liquids, we have to start now; we

can't watt until 1982 or '83." .' oy

45
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3

Dr. Laird
and
Dr. Ellison

I S j'““

(Laird) "I would like to make a comment on.this. I
don't regard the oil shale or the gas from coal or
anything else, with the possible exception of nuclear
in the power generation field, as being slternatives."

30

] L

! Whole group

i (Laird speak-
ing)

[

3

(Laird) "I regard them as supplements, assuming for

+ example that the rate of energy demand will increase

along the lines it has in the last flve or ten years.
That's point one I'd like to make."

)

-

Dr. Woodson

and
Stan Prescott

' . . - o
Y ettt et ittt arreren

L

(Laird) "Point, two is, I feel myself that we have within

the United States and its continental shelf .... I think
that we have large reserves of oil and gas as yet
undiscovered which ve can get now if we were allowed
to get at it."

[

Dr. Laird
and , )
Stan Prescott

| S—

(Prescott) "It's my understanding that the lead time in

“developing an oil well is five years."

(Laird) "The average is five years. I.

of an idea in some geologist's mind until the well is
producing oil into the pipeline, can vary anyvhere from

true of duilding refineyi¢s or nuclear plants or anything
else, and unless we sta¥+ now to do some of these things,
this gap in time 1s going to go through time. You can't

.three to ten years leiiziigp-nocded. The ‘same thing is

. ~that
any time, anything from the time that this is .an inception

4

s —cr—

compress it, in other words. 8o time lost now is time lost forever." -

PR
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Hhole group

T

(Prescott) "I have a question for Dr. Woodson which
deals with nuclear fuels. I would be interested in
hearing him take this concept of lead time and apply
it to the nuclear industry."

) \

e
34
P | | ’
. Dr. Woodson (Woodson) "I think at the moment it is fairly well .
{ and proven that electric energy generated from nuclear
Stan Prescott. fuels and ih light-water fission plants and gas-cooled
reactors costs about the same smount as it does to
o ]*- generate the same energy with fossil fuels."
35 '
(Woodason) "As the cost of fossil fuels go up the
Dr. Woodson nuclear generated electric energy looks better and
better, and I think this is especially true in the .
fact of envircnmental problems, that as the environmental
—— problems get more and more severe, nuclear energy begins
. to look better and better."
-
- - T (Prescott) "But aren't environmental problems plaguing
—D¥. Woodson the nuclear industry these dayst"
. and@ . .
Stan Prescott (Woodson)® "They are, but I have a feeling thet this is some-

. vhat temporary and the subject of some misunderstanding," .-

'1.7
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Diagram of how .

energy is produ- (Woodaon) ".. and I think these misunderstandings will

ced In a nuclear}]. be resolved and we will have a continued, almost explosive,
pover plant ,_J growvth in the use of nuclear energy to generate electricity."

] _- | )

s
4

_ (Prescott) "Dr. Ellison, are there any cleaner fuels than
L__ those fuels we've been mentioning, that is, the petroleum
\ fuels, fossil fuels?"

{
i Whole group (Ellison) "There are other fuels, but they are not
N photo economically acceptable Just yet. One is solar energy,
' ~ but there are no solar enérgy plants that can compete
—— vith the price of either nuclear or fossil fuels. And
l I think it's also possible to harness tides and a few

other things, but these will be minor things until they
become, as Dr. Laird said, supplemental to the total
energy needs,"

L4

(Ellison) ".. and my feelings are that we're going to
39 - need all the energy if we want to keep our standard
of living high and give the rest of the world a chance

v

at a high standard of living."
Dr. Laird °
and (Prescott) "Dr. Laird, can you tell us, in terms of
Dr. Ellison our gross national product, unemployment, and per capita
i : income, what are some of the specific ramifications of
l*"] ,“"“ a decrease in available energy in the United States
———— ag it could affect the average consumert"
¢
h0 . - l . . Y - '
— —_— (Laird) "There's no question about the fact that “x
~ energy is the glue that keeps the whole economic . -
Dr, Laird system going and without eneréy we don't have any -
and ) products produced,. and it's also true that there is a
Stan Prescott ~ direct correlation between the gross national product of
! any nation and the amount of energy consumed."

; %

;. - f. - o | “!?
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Dr. Laird
and
Stan Prescott

J B

11

(Laird) "We use in the United States about six or seven _
times per capita as much energy as any other nation in the
world. S50 as a result, we also have the highest standard of
living. Now, if we restrict the use of energy or if energy

is not available for any use, obviously, of course, we're
going to cut down our economy; we're going to cut down our
gross national product, and this will hit the people at the
lover end of the economic scale harder than anybody else.

And so it's for this reason that the development of additional
energy resources and the development of our indigenous re-
sources that we know or think are there. It is important that
it be done right now." o '

L2

(O oot et -

L.

_‘0‘

Dr. Lalird
and
Dr. Ellison

r——a“.

] 1

(Prescott) "What is the role of the environmentalist in thist"
(Laird) "I personally feel that the environmentalist has
served a very -good purpose in the whole thinking of the

United States from the sense that they have called our
attention to some things that should have been done long

ago. But I feel many of them have may well have gone

too far and I think that now we've got to compromise to do
these things with a minimum damage to the environment, but
they forget that man is a part of the environment."

usl
—
Group picture

(Woodson speak-—
ing )

(Woodson) "Back in the thirties, the name of the game was
to exploit the resources, to raise our standard of living
and to raise our gross national product, no matter what,"

o .

and
Stan Prescott

-

¢

. 4 »
(Woodson) ".. and we have nov reached a level of affluehce
and a_ level of exploitation that we have decided.as society
ve don't want to do that anymore, and we're right now dolng
Some soul-searching to decide exactly where we do want to get

______ ___1n—tho—sp0e%rum~e£—abtoiutt&q~1nr T

exploitation of all the resources, and I think the environ-
mentalists are just one component of this society that's trying
to decide exactly vhere it wants to gomext. The only frustra-
tion I feel is that in all of this you can't- have instant
gratification and too many environmentglists are asking for
instant gratification. There's a lead e to do it.".

) ¢“ [/

"
\‘/
e
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Ls . P ' : i~

(Ellison) "I also think that it's only in these last few
Group Years that people have realized that certain things like
Photo fossil fuels are finite, and once we discover all of them
) and use them, they're gone forever. Of course, we still
.,“J think there are many more to be discovered vorld-wide, but

~w—l, ' the United States has been explored to a greater extent than

A N any other area in the world because of the private ownership
of mineral’ rights."

| —- | '

b6 (Ellison) "And to expect to find huge discoveries in the -
yomned L_ﬂ‘ future within the land boundaries of the United States

! that would_gg/ﬁgmparable to the needs is a pretty slim

. Dr, Ellison w.] - thing right now. I'm a }Jittle pessimistic on’ that point
now, but when we go off-shore, we do very well."

(Woodson) "Or if we usg the coal." °

(Ellison) "Yes."

L

—

c— R

i \\J' . . .
Group picture (Laird) "Or if we went and did better with more exploration B
= of Alaska, particularly on the North Slope." ‘.

LY
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In the next few minutea you will be askéd to interpret dea
presented in a variety of graphs. Welll take a look at a number
of them, and then'ypu will be asked to make a few of your own.
4o — It's important that you work at your own pace, 80 take as much
L__ time as you need. .

o

Your forthcoming ‘graphs will be followed by a series of short
The End questions which you can find in your Study Guide. In checking
Part T \\yoﬁr ansvwers against those we will provide you, remember to *
eragse or cross oYy any mistakes ydu might have made and record

_ B the correct ang . Becayse you can’'pnly benpfit from being
'hf] ] honest in this program, you w{ll finibh each exercise by tabu-
lating your score in the lowa right<hand cornergyof each page.

Remember, you're working agalnst no one but’ yourself.

Try to keep general pggnds.in mind a8 you participate this
final segment of your lesson. Remember, an inquiry o current
energy cOngpmption'trends by fuel type could be a keynote of your,

i e

personal review. ¢ . . ot
: R . }

“iof

T - Let/s Mook at this graph labeled "COMPLETE CYCLE OF PRODUCTION OF

. SHELVES] EXCLUSIVE OF ALASKA." Notice that a production rate

50 i of \one billion barrels of oil per year is plotted against less
Graph than 3 centuries of time.

labeled "Com- :

{plete cycle of The sfape of this curve approximates what is commonly called a
production of bell-shaped curve or simply a bell curve. You can see that this
petroleum in the curve actually has peaks and dips, such as those leading up to
U.S. & adj.cont. - and during the depression and during the 1960's.

‘"] shelves" ; . .
' In this graph, you are given whole production values during
particular time .periods. For example, 90 billion barrels of ¢
‘ . ; petroleum have been privduced to the present. Thirty-nine billion
. \/’ ) barrels more are expectjed to be produced by 1980. After that ,
' / Y T1 billion barrels are(all that remain to be produced within the
/ United States and jits tontinental shelves.

We will go to another raph);n Just a moment, but first notice that
80 percent f-our totdl available petrcleuin will have been pro-
,» duced in a period of 6l years. Our total potential production
of 200 billion barrels is currently being realized at a rate of
¢ 5.13 percent per year. A
// Can yoy'think of any factors which might have had an influence
o : on this curve -- for instance, & rise in demand reflectdd by an
increasing populationt What aout technology? Or government
S policies? Or even your own geological’ input? If you wish, take
‘ a few moments to name a few trends which you think might
influsnce our rate of petroleum production. Remember, our curve
- approximates a bell curve. Space is provided for you on the
- top of page 5 in your Study Guide to record these trends. Stop
r the tape now. When you are ready, we'll try another.

1 - . | I

oo s

L4

[\3
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Graph of

anq.udjacent
tecontinental
shelves

. TION IN THE U.S. AND ADJACENT CONTINENTAL SHELVES."
‘production- rate of 1 trillion cubic feet per year is plotted

carefully.

* ) . | N 1h .
This graph is very similar to £he one you had previously. The
title of tHis graph reads "COMPLETE CYCLE OF NATURAL GAS PRODUC-
This time a

?‘uinat a 160 year period. As in the earlier graph, the box in\
he upper right-hand corner gives you a reference to use in
determining area under the curve, <

Turn to page 5 in your Btudy Guide. You'll see a few questions
concerning this graph nenr the bottom of the page. These

questions simply ask you to read data from this graph. You will
soon be asked to construct your own curve, so read these Questions
Take as much time as you need smd when you are ready,

restart the tape. Stop the tape now.

o

" Frame 2
) Answers

. bottom of page 5 in your Study Guide.

\ ) y '

Y . \ . . ve - C MR ere e rerbe

Here are the answers to the questions you found near the

Give yourself one point
for each cdrrect answer and place your total in the bottom right-
hand corner on that page. We'll be back in 5 gseconds.

53 l

)

. 1
'Grid of ulti--
mate U.S. coal
production

Ay - .

/

i
On the next page of your\ Study Guide yoa will #ind a grid
entitled "ULTIMATE U.S. CQAL PRODUCKION" and a list of data.
We want you to take as much time as you need to plot your own W
curve from the data provided)\ A quick survey of t ata
will tell you to expect something resembling a bell curve.
Stop the tape now. When you are ready, we will show you the
curve we thade from this same data. .

5h .
Y A

-Curve of ulti-
mate coal
production

v

If you had any trouble plotting your curve, stop the tape ‘and
examine this graph carefully. You'll notice that we included
a peak and a dip in our graph between the years 1900 and 2000. *
Think again what factors might have influenced this curve during

the last 70 years. neipal congumers of

coal =~ both past and present. . Is there a relation between

this curve and environmental impact? There ate a fev questions

at the bottém of the page for you to ansver.
Restart vhen you hre ready to conpinuve.

’ ‘ 5 ' - >' ’
i f » . . B . ~
. s Ty . n R
Do e e e A R e "7:-.. N A Rt

Stop the tape now
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Frame 3 Here are the answérs to the questions you found at the
Answers bottom of page 6 in your Study Guide. Give yourself one
point for each correct answer and place your total in the
S bottom right-hand corner on that page. We'll be back

in 5 seconds.

L4 v

Here's another type of graph for you to consider. You can
, see that trends are easily defined with this type of band
j graph, although you must do some subtraction to determine

/ any value for a given year. The title of this graph is
_ . "PERCENTAGE OF TOTAL U.8. PRODUCTION OF BITUMINOUB COAL AND
RO & . s._ ':': ) . . LIGNITE BY TWE OF MI.NING*p. NS e e T TR s o 4
5 ' '
-~]Graph: ]-~

Theae curves encompaas a 27-year period between 1940 and
<P°r°°ﬁt of tota 1967. You can see that conventional mining with hand loaders
U.8. production has beeﬂadeclining while continuous mining and strip and
of bituminous- auger mining are increasing steadily. You can determine the
coal and lignit percent contribution of these two types of coal to the total
| by -type Qﬁ//J¢- U.S. production in each given year by subtracting the minimum
v | mining ’ y percent from its maximum. For example, in 1954 continuoua

’ mining contributed 6 percent to the production whilé conventional
mining mechanical-loaders contributed 56 percent, conventional
mining hand- 1oading, 12 percent, and strip and auger mining, »°
26 percent. If you had to plot this graph, you would.
probably stért by pletting first continuous mining, then
conventional mining mechanical-loading, followed by hand-
loading, and then strip and auger Tﬁy}ﬁ’r

AU

-

5T | Graph: " This next greph reads "ANNUAL ENERGY REQUIREMENT FOR ELECTRIC
Annual energy . GENERATION." Billions of kilowatts are plotted against a
requirement for | . O-year period. Notice that there are five contributors to
electrich . lectric generation: nuclear fuels, water, oil, gas, and coal,
; ¢ |eederation . { At the top of page B in your Study Giide you will find s short
R . : list of questions to answer concerning this graph and the one you
, |- j plotted on the previous page. We want you to work carefully,

: _ 80 take as much time as you need. Stop the tape now. Only when
B . you are ready to continue should you restart the tape.

a J—_J

58 |. ‘ Here are the answers to.your previous questions. Agsain
/’ '_' ' "give youraelf one point for each ocorrect answer and place this
. P u : = total at the bottom of the page. We'll pause 5 seconds for

A A;:::rﬁ - "~ ypu to do this: ‘ q

/ ' : -
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> ¢ - This graph is similar to tRe previous one with the addition

~;,of a few new contributars. Along the abscissa you will find
period of time equal to 35 years. This time your ordinate
jE. given in trillion kilowatt hours. The title of this graph

59 : -, 'resds "PROJECTED ELECTRIC GENERATION ‘BY SOURCE -~ 1965-2000."
Graph: d e
[Projectea \ |’ In your Study (xuiM the bottom of page 8 you wili find
tlectric genera- a list of data which defines this graph. You will notice that
tion by source Yy the ysar 2000 conventional hydro, pumped storage hydro,
-~ 1965-2000 a8 fueled steam, and others will be only minor contributors
| : i to our total electric generatien. Blanks have been left in’
. T this list of data for yol to £111 in from 1nrormation you
’ l ' receive from this graph. ) . . N

‘e

This exercise 18 to help you understand projettions for the

generation of electricity by certain types of energy sources.

‘This will be useﬁ:l in understandfng how each energy source

: contributed to o total energy production in related graphs

. ' to follew. Stop the tape now and gomplete this short exercise.
Restart when you are ready.

-/ 60

Y . L .

Here are the answers to the questions ydu found in your Study -

Guide. Give yourself a slight margin of error and one point

Frame 5 for each correct answer. Place your total at the bottom of the

Ansvers _page.. Take & moment now and in the future to correct any '
wrong answers if you have not done so already. You will find

) . correct answers are a useful study aid. We'll be back in

‘ l o _ 2 seconds to ask you to make another graph offyour own.

t— [} _/

8 Please—surn now to page 9 in\your Study Guide.. There you will
: : see a grid labeled "TOTAL U.S\ENERGY CONSUMPTION -~ PERCENT
“ BY FUEL TYPE," identical to this slide. Your abscissa spans
8 period of TO years and your ordinate gives you a’ range from |
0 to 100 percent. Below this grid is s list.of data from which '
* . you will plot a graph.

61

Grid of
total U.S.
energy conaump-
tion - percent.

Notice,;hat you are'given five contributors to our total energy -
consumption. Look in the first column labeled the year 1920,

. As you read. down this column, choose one of those fuel types
vhich least conjributed to owr ‘energy consumption. We recommend

. by fuel type that you first plot.the hydroelectric contribution for the'” -
. . ‘ " entire period between 1920 and 1990 and then ‘continue to ‘coml,,”
' - ~ oil, gas, and nuclear luels, platting their prospective
: ' contributjen. Finally, draw a line between esch of the'ﬁointd
. you have plotted. . - _
. . ! = 3. Y L 4 :
( ‘Because you have more than one contributor te.the total : -
— . — “ y 0 F f.. h‘, ~ .
. ' iye it a try and, of course, take as long a qu need. We., ~ .
e ' L 11 show you one possitle graph which can be made ﬁrom th‘ne ¥
dutc vhen you are ready. - ) AP AREE B e \1.
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- . If you had any troubla plotting thone curves, stop the tape -
. o ' , and’ examine your data and .this graph carefully. For. convenience,-
62 , e ... e plotted our data boginning with the hydroelectric contribution
' Curve: W and- finishing with the nuclear contribution. Of course, you
el U.B. may have plotted your zr;phn in a different. order, but be sure
energy consump- o your trends look similar t6 those shown in this gruph.
tion percent by |- ‘
fuel type : : Using this graph or your own, answer those few quoationa ot
_ x ~ the bottom of the page. If-you used dotted.lines on your
, -1 o graph in the period after 1970. give yoursel? a bonus point
: o l ' ' for remembering that the period between 1970 and 1990 is only
o a projection. These questions will be important in under-
standing the relationship Between percentage contribution to
- total energy consumption by fued type and the absolute amount
Y - ] consumed of each. . We will try to draw additional conclusions
2 in the feéw: remaining graphs «head. Stop the tape now and
K - answer your quéstions. When you are ready, restart the tape.

%

2 .

Here aré- the pnsvers you should have. Give yourself ono point
"for each correct. response and totgl your score at the botton
of the page. Remember to inglude your bonus point ir you
earned it. When you have finished this, we will take a short
'break before lookihg at the final k4 grapha. Take 5 seconds
" npw to tabulate your score. .

- - B - i . _ 14 - _ =
. S . This first type is called a bar graph,.or histogram « We will
. .'finish by looking at & pie graph. Notice that this graph is
- o - rentitled UNI STATES- URANIUM REQUIREMENTS AND PRODUCTION
. S CARABILITY " : . ) T .
- 6h‘ ~ - . You caﬂ’sae that qveny fifth year between 1970 and 1985 is
e Bar Ggwphi~—7 ~ - reprcsentcd againgt thousands of tons of U308 The annuaﬁv
U.S. uranium . . and ewnulative production capability is plotted at each gi
‘requirements . |- - year and each corresponding requirement is shown with a heumr
-] and production . iine. : Q;“ S ,
] capability - . L | * :
' - You should rem‘mber that the cumulative production capability

'HV-T‘-M S iI is the sum of a S-year growth. Thus, you can assume the,
Show ‘ cumulative.production quantities shown will be approximately
/ equal to 2 times the annual production capabilities given

5 years bqtore. Also notice that both the annual and.cumulative ;5
requirepenﬁs can be determined in thousands of tons of 0308 ‘

. »
o ¢ On p;ge 11> in your Study Guidg you vill find a series of
o , questions related to this histogram. . You will be asked to
L s ' ‘draw data from this graph as well as consider how these
Lo, R ¢ projections’are made. Stop:the tape now. When you are ready
T SR . ~ to continue, restart the tape. LT :
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Frame 7
Answers

{ "
|1}
The answers to your first four questions are given here. :‘b

If you missed more than two questions, turn _to page 20 in
your Study Guide and review that material. Give yourself

~ one point for each correct anewer and place your total at

the bottom of the page. We'll pause 5 seconds for you to do _
this.

)

66

Reference line:
"Fuel Roqg;red"

A

L,

\V

On page 13 in your Study Guide, you will find a reference
line labeled "FUEL REQUIRED." This line encloses a space
in which you will drav a histogram with the data provided
below. In preparing this graph, be sure to label all
necessary components. Remember, you may take as long as
You need. Stop the tape now and restart when you are ready.

h

/

67

Bar
greaph: Fuel
Required

R I~

b

" As you can see, we prepared our graph with four different colors,

each representing a major contributor to our total,energy requirement
From the data provided in your Study Guide, we have plotted each
source as equivalent tons of coal against 3 separate points in

time.  You will notice that thée trends in this graph encompass a
period of only 22 years. Turn now to page 1k in your Study Guide

if you are not already there. At the top of the page in Frame 9

¥ou will find a seriés of questions which you are asked to answer
very carafully related to the graph you have just made on the

"previous page. By now you should be able to read data from a

graph with some skill. This exercise will help you understand
significant trends which can be interpreted from this histogram
and others like it. - Stop the tape now and take as long as you
need. We'll have thé¢ answers for you when you return.

The answvers to your first two queétionn are given here. Again,

glve yourself ong point for each correct answer and total your
score below. Stop the tape now. Restart when you have finished
evaluating your work. : )

56
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This ia the lust type of graph we will consider Db yYour

69, ‘ lesson. Ii's called a ple graph and is labeled "FUEL
'N'l Pie Graph SOURCE' DISTRIBUTION FOR ELECTRICAL POWER (1965)." Four fuel
el acurce types are shown, each representing it's percentage contribution

distribution for to the total fuel source distribution for electrical power.

electrical power :

(1965) In a moment we will ask you to make a pie graph of your own with
data provided in your Study Guide, but first consider which
fuel source is used to generate your local supply of electricity.

' l . r Turn to page 14 in your Study Guide and answer the questions
l S ' found in Frame 10 related to your own projections for the contribu-

tion by fuel type of each of these sources in 1980. Stop the
tape now/ We will be back with your last graph exercise when
you are ready.

AN

o ‘
.L__ The answers to your previous questions are shown in this slide.
-If you included a projection for nuclear contribution, give
yourself a bonus point. The band graph you plotted on page 9
Frame 10 ceuld have helped you determine which fuel will contribute .
Answers ‘ to our total electric power production. If your answers reflected
the trend as shown, give yourself one additiohal peint for each
L —— correct answer. Total your score at tie bottom of the page.
—_] | We'll be back ip 5 seconds. . :
ST | ;1 On page 15 in your Stude Guide we have glven you & circle in"
--'Pie Graph ——— wvhich to prepare your own pie graph. You will notice that the
Fuel source data given is the fuel source distribution for electrical . .
distribution fo pover projected for 1980. As a final exercise, prepare a pie ¢
electrical powe graph with these data. Be sure to label all elements and
(circle is give include a title. We'll show a graph we made from these data
1o prepare th wvhen you are finished. Stop. the tape now. Restart when you
graph) have finished your work. o
£
— ) {
We hope your graph looks sdmething like this.  Check to be sure
. You have labeled all of your fuel sources as well as their percent
- contribution. : :
8 72 - . ' o ' : N e o .
. ._~J- S - By now your Study Guide should be fai¥ly complete. It ghould serve
you well ‘in reviewing this lesson. Remember what you have learned
|Fuel source in Parts T and IT and try to dréw conclusions in trends in our
distribution for} couptry's energy production and consumption. As an environmentalist
‘|electrical power| you should knéw the consequences of the use.of each fuel type on our
(completed =~ - environment. In your opinion, what is our energy situation? Are
‘“l graph) we faced with an energy crisis and if sc, why? = - -

Take a moment now fo tabulate your score for Part II. If you have
accumutated 42 points or more, give yourself an excellent rating.
If you have accumulated 32 points or lesa, we suggest you try this
lesson #again or refer to your Bibliographﬁ for additional reading.’

\ . ’

e
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We hope you have found this les helpful in understanding
our current energy problems. LoOk carefully through your.
Study Guide if you have particular questions. Your Proctor
will give you a review examination which you may teke with
you and answer at your leisure. 8Stop the tape now. This
-*] , r- completes your leason.. '

i |The End of This
Lesson

B
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LESSON 6.6:

Name

Date

[

FUTURE PROJECTIONS

STUDENT RESPONSE SHEET

OBJECTIVES OF THIS LESSON:

The objectives of this lesson are listed below.

As you proceed

through the program, place a checkmark in the column(s) which indicates in

vhat part.of the lesson each objective was Aiscussed.
.ol your STUDENT RESPONSE SHEET.

Make your checkmarks

Upon completion of all the cx-rci-el associated with thie lesson,
you should be able to: -

Part 1 Part II Objectives
1. state length of time undiscovered gas and
0il will last in the United States
n _ N
2. state the lead time in discovering oil
3. state 2 difriculties involved in importing
hydrocarbons —
§ L. state 4 methods of mining coal
5. explaiﬁ the fluctuation in the utilization
of coal from 1900 to 1980
> 6. state the years in which hydrocarbons and
coal are expected to reach peak production
. N gg:thgiynited States _
T. 1identify 2 ‘fuels which can be used in a
nuclear electric jinstallation
‘ © 8. desgribe the process involved in converting
Uranium-238 into Plutonium-235 -
9. define lead time as used in this lesson
T o 10. state length of time known recoverable
reserves of gas and oil in the United States
will lust
"11. state U reasons for the current and 'expected
continuance of the energy crisis in the
United States )

» 12.. evaluate ramificationg  decrease in
available energy in the United States in .
terms of the gross national product,

\ . ,WABPAEM}.;M“ capita income
ri 13. identify trends in energy consumption

E[ ruol tzpo during the next lgﬁyeara

SRR,
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LESSON 6.6: FUTURE PROJECTIONS
STUDENT RESPONSK SHEET

— List trends that you think might have 1nf1uenced the rise in the
rate of petroleum production: in the United States. v

5

Answer the‘following: i ’ .\
1. The projection for the production of natural gas between 1966 and

1980 1is now many cubic feet?

Y ¢

2 What is our total capacity for the pi*oducﬁion of natural gas during the <
160 years plotted on thé graph? -

y

-

3. Whnt is our percent per’ yur production of natural gas in terms of
our total potantiul production?

&y
"

¢ .
<




Name .

JDate

LESSON 6.6: FUTURE PROJECTIONS
STUDBNT RESPONSE SHEKT S

»
& R I ,
continued \

~d. How mmy cubic feet of natural gas will be produced between tho ‘Years
1980 and 2000%

’ '
<

5. During this 160 year period, the slefe of the bell curve becOmes zZero
in what year? . J

d FRAME 2 SCORE

Complete the graph below using data from the table below.

. s _I
o | 00x 109
_short tons
4
3 éu IVO ) ~ /
} ~
| 2 | \short 4ome : — - e
: ,E ultimate Y
recoverable |
\ LY reserves -
8658 x109 |
B . short tons g
' . . 0-_ -L - L . i . ;
-« 1800 2000 2200 2400 2600 2800
, ULTIMATE U.S. COAL PRODUCTION
) YEAR BILLIONS OF SHORT TONS PER YEAR
q - 1800 e .02 | I |
) . ' \ 2 1.900 N . 0 T
- 200D SR %_1:33.
. o - 72100 2.20 -
[ 2200 | 2.30
[ 2300 — 2.00 ' |
___a%o 1.10 . - .
3 = 2
| L 25
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LESSON 6.6: WFUTURE PROJECTIONS ,

STUDENT RESPONSE SHEET

'

Ansver the rollowing ‘,,_\

1. Who are the’ priﬁhry consumers of coal, both past and pre:ent?h

2. Name 2 factors which might have caused peaks and dfbs during the
years 1900 and 1970 on the graph above. h | .

") [ TN

/
' .
3. Name 4 poljutants emitted in the burning of coal. \\f>
>, . ) FRAME 3 - SCORE
Frame . -
1. In 1908 nuclear.fuels ‘will contribute billion kilowatt hours
. (KWH) towara the total generation of electricity. .

2. In 1980 coal will contribute (a) _billion KWH toward the total
generation of electricity or (b) percent of the 5 maJor contributors.

[y

3. Referring to the graph of "Ultimate U.8, Coal Pr‘duction, you might *
- ' conclude that 900 billion KWH is dquivalent to short tons of
coal (assuming all coal production is us in\the generation'ot‘:}ectriciﬁy).

4. In 1980 which of the 5 sources will contributefieast to electric generation?
R *\

__~ FRAME 4  SCORE

e

i*

./ ' . :.-“ o i o L . .' . ) , ) . .. .
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LESSON 6.6: FUTURE PROJECTIONS |
STUDENT RESPONSE SHEET

- Uaing the chtrt on the nlidc or in your Stud,v Guide, fill -in the

J‘ blunkl in the table below:

. . . ‘W
. ' '
o « Nuclear-fueled steam J .2 i ‘ .
- Coal-fueled steam L .8 ,
0il-fueled steam .2 6
\ Gas-fueled ateam AR | .2 —
‘ Other . Qo Wl
SN ' Pumped-storage hydro .05 .05 .1
. . Conventional hydro .2 ' o
.. " Y . . . A .
// / FRAME 5 SCORE '
, Complete the graph below using data from the table on the following
p‘&e. ' .
¥ : :
i e . . 3& .
. AL - [ ——
< Percent ~
100 —T T e R A T T T T T
\. | - ) NUCLEAR
. w._ ' . .
sol ¢ A
— - * GAS .
70 o . . +
60} ) ‘
*
g on
' Ot . \/
e : COAL :
; ) m = ‘ l ’ * ) e
: _ . \
[ .
m b -
. > Y , . - - / P
I 1 B /Hvoao . . N
o 0 Lo L l_. il-'_ IS T WA R S T ; .
‘ 1920 W3 985w - 1990
TO‘&I. U.!. ENERGY commou, le By ‘I'YPI OF '%L.
. \
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Name
: Date ) ’
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- . LESSON 6.6: FUTURE PROJECTIONS

. STUDENT RESPONSE SHEET

TYPE OF FUEL ’ YEARS ,
1920 1935 _ 1955 1970 1990
; _ Nuclear L -~ - A8 |25
‘ Gas . | Sy | 108 | 258 354 208
0il 158 | 356 | ase | ase] . 3s ‘
. Coal L tise | son | ase | 1as] 15
- PHydro 5v | 5% sl 5] ¢ s '

¢
s

1. Coal contribﬁ?éa‘:h % tb the totgl U.S..energy consumption in 1920.'
Y . - .- ] . . ) ‘ . -
2. In 1920 hydro xwontributed X to the total U.S. energy consumption.
In 1990 it is projected that hydro will contribute . X to our total,
energy consumption. _ : .
[

3. In 1970 oil contributed to the total U.S. energy consumption.

. _ v
FRAME 6 'SCORE _,, ‘- -~
Using the data on the sli& ryin your Study Guide, "United States

Uranium Requirements anqyfroduction Capability," answer the questions below.

kg

. 1. What 1is the projected cumulative production capability pf uranium in 1980?:

. _ . q _
£ ‘ ; - g
3. In 1985 the annual production requirément will be % éreater than -
the annual production capability. ' , oo
3» During the period between 1970 ‘and 1985 our cumulative produgtion capability
will. have increased %£. In this same period.dur tumd@lative rejuire-

ment will have increhaed_ x.

L. How do you think projected requirémehts are determinedf o

L]
\‘m-\
‘l

5. How would the 1ntroduct{on of a breeder reactor in 1970 have affected '
: thesw projectiona for production capability? ' ‘




Name v

¥ , - R . D‘t. ’ #

4

LESSON 6.6: FUTURE PROJECTIONS

BLUDENT RESPONSE SHEET

/ Using data from the table below drav and label a bar graph in
' the space Yelow. _ : - : : P

>

| - FUEL REQUIRED

. " : 4
F N 4 P by ' R ) w!

. - . . +

g e ' Ty

¥ '\

. ) ) ' . _ ' 5\ LI~ . . ",,.\-\'."‘_ .‘ ' . . .- . . '. ) . “

Coew “, . 'J‘ (/ - _q - ‘ by e [ . . . . ._ ' . ’ -‘\ )
- - : TYPE OF FUEL - TONSTOF. GOAL PER-YEAR<' |

| 1968 1980 1990’

! : 30 {~ .90 { . 175
o Sas | Loteo |~ s ] Lush
Nuclenr . 204 - 260 N B
Coal’ | 300 L w30 ] oooes0 |-
r ~ 2 ~ o - S .
R -« w i st

o’ -
Sy .
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LESSON ‘6.6: FUTURE PROJECTIONS
o STUDENT RESPONSE SHEET

Answer the following:

1. Which rucl type 1s projected to have the higheat rate of increase in
requirement Gver the 22-year period? .

—~

~N2, which fuel type 18 projected to have the lowest rate of increase in
: requiroment in the 22-year perdod? ) J

Fd

. 3.+ Glve probable causes for your answers in 1 and 2.

8

. 4, List 2 envir?pmental hazards associated with the corsumption or

"' production of each of the given fuel types. Do y8U think these :
environmental hazards eould influence the projections given for '
each fuel type in 1990? ‘ _ ‘ et

LT
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[ Frame 10 | Ansver the folloving: . e . DS :
© 1.. What fuel is used in your city to generate eléctricigy? T T 2

2. Predict what you believe will be the approximate coni, ibuti \ .
fuel type to the total U.S. electric ypower generation in 0. Y
. .

Fuel type Percent Contribution | . i Trend . ,
~e ° ‘ .. ’ - -

£ Y

‘A.
T j ) :
»
B. . .
,

“ .4. .
C. e LN K
y ©
. " . . ' Y 1
~. . o~ 4
D. Ky
4
< 'S
- . A/ ® - v,
Y * >~ -
. ' 1 b L P - v
- . e
. A .
- | FRAME 10 SCORE
. Al aw
\ . . - A 2
» { -~ -
[ - "
fl - N . . »
: A
. .
-
. - . ’ A «
A @ 4 - S ot
r N
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. -
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LESSON 6.6: FUTURE PROJECTIONS :
STUDENT RESPONSE SHEET ¢
" .
| Frame 11 |- Make a pie griph in the circle below using data from the tablé
below. \ o :
LS
t‘p
¢l
’
]
W
oo
o T
K S -
\ ¥
S . }
g 1 et .
- ) .
- . : L ] .’
L “T"RUEL SOURCE . | _ PERCENT DISTRIBUTION | o
. _ o | [Mudlear Power - 3é} % /
* . . e G&B ) 15; . -
. - Lot | S
. '} )
Hydro L : 13%
LCoal = | 37% {
FUEL SOUKCE DISTRIBUTION FOR ELECTRICAL POWER (1980)
s o . ) P
\
_ . | |
TOTAL SCORE FOR ALL FRAMES




