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- electrical gefieration without the teacher unduly\emphastsing one method. In short, the job of the teacher is to" R
' “IeII it like it m” and then to encourage'the students to evaluate the information and make their/own Judgments. BT

_vFeel free to modrfy the aotmtles toﬁty urc?lass needs o o L o

K L. . 4 . ] Y N ' “ ' ! . . . . - :

_HILOSGPHY OF THE! PROGRAM I G

BF
e,

The ma]or\goal of this minicourse is to have students gather pemnent mformatron on. the need for and o T

) generation of electrical energy, then make their own judgments on whether a need exists and, if 50, how the‘ng 2

can best be filled. The students'must be miade aware of the advantages and disadvantages.of each methodiof . « . 1 ' "

We urge you to uge teachm‘g‘t iques which mvolve students active y acqumng knowledge and to avotdr. _
‘much as pOSSlble, teacher-s‘entered me ds in which the léarners play 4 passive part. Student-centered activities.
includeindividual studies of some aspects of the problem, seminarv e rneetmgs, committee reports, debafes;
field trips,. resource persom; gq,d labomtory experimentation. Y2 :
v ’ .

“The educatlonal o’b]eetwes suggestes activities and other pe inent' matenal are. presented for each chapter s .i"“i"'




4 ' .

[ . . hd

" be made available to our schools.

Thxs course is an effort to descnbe

Janét Fay Jester,Techmcal Writer (
Charles Beehler . , I
William H. Bolles
Robert H. Carroll ¢
Ivin T.Edgar =~ »
- Alan H. Geyer -

George L. Jackson ™ v !
Willard T. Johns 4
Willidm A. Jester ' J

ania Department of Education . | *
#isylvania Topographic and Geologic Survey:

amsburg Hospital Division of Nuclear Medlcme ,

4 Pennsylvania Fish Commission :-

The Pennsylvania State University »

Richard Lane U.S, Environmental Protection -Agency 'S
James-McQueer Titpsville Area Schiool District ;

.Frank B. Pilling - SierraClub - ' o
Margaret A. Reilly Pennsylvania Office of Radlologlcal Health
Robert W. Schwille Pennsylvama Department of Education

. Mijchael Szabo L The Pennsylvania State University
John D. Voytko \ Westinghouse Environmental Systems
Daniel Welker- o North Schuylkill School District .~
" Warren F. Witzig g The Pennsylvania State University B
* Harold H. Young Energy Research and Development Ad;nuustratlon
William Stiegelman - Franklin Institute .
Lawrence Akers Oak Ridge Associated Universities

Douglas A. James

&

" Energy Resegr‘ch, and Development: - Administration

-]
o wpad
- - RN
-
.



LT PREFACE KR

Generation of electncal power - has- provrded a

vrital link in the everyday life ofalmost every member

‘of the: human race. Recént ominous’ warnings,
- however, regardirig. potential detrimental effects of

_ distribution networks have made .headlines in the
news media.- While students, in ouf. classroomis may
not,’ express a3 much enthusiasm for the scientific and

+

. by-products of wide scaje A power generation and .

" engineering principles behind power generatirig,

- facilities as.their teachers, they have gr
environmental protection prokle
- discrepancy has been generated between-the
and hazards of providing a ‘source of the ‘“good
things” in life. A wise teacher r ogmzes the potential
- for ating interest and le g mherent in the,
presencé of a cognitive drscrepancy (a repancy
between what a person predicts should appen and”
W actually  happens). Science. teaehers often
att
drawain,

t fnterest in

Thus a

g their attention’ to appafert discrepancies in

Benefits

pt to stimulate their students by “carefully . |,

nature to spur information-seeking, problem-solvmg‘

o and cogmtrve leammg

- ‘This minicourse attempts to capttahze orij the
" discrepancies heightened by the. news media: Tt
attempts t6 serve in two ways. Frist; it” provides
'mfprmatron relative to power gef€fation which may

- be ufeful in reducing the discrepancy. Second, it -
attempts t6 maintain a certain leyel of discrepancy by

not providing a comprehgnsive list of answers; instead
. it"provides some information which may be useful\.n
formulating such answers.

PROT

Out of this argument stems the first }iow'to

recommendation for this - mimcourse Pnor to

beginning the mimcourse, ne R

-

HAVE EACH STUDENT FORMULATE A LIST OF °

CAL POWE GENER‘\TION o

Ask the student to check off the questions as they are
answered and add morg questions as they are raised:
A reasonable -qoal is to end up vgith a longer list thdn®
he/she started wit.h

o

: )
s The minicourse is, designed to be ﬁexible to

‘permit (its most meaningful applicdtion by the

teacher. As such there” are numerous altematrve way,v
it can he used.

* QUESTIONS - ABOUT - ENVIRONMENTAL |
ION PRO?.EMS ASSOCIATED WITH_

. As an integral part of a science cdurse.
®  Asan optional, nonrequired part of scrence '
course. ‘ . ) .
".‘ N .
.. independenly study 'unit -in ap’
s vi ualized approach. ) B
® Asa springboard for further study into other
' areasof]nvrronmental ;\rotection .
® _ As a basis for an -adult information and/or
education course. .
X , \
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. R INTRODU_CTION TO THE TEACHER’S GUDE - - * .
\ : .

Each chapter of thrs teacher’s guide corresponds that whﬂe many questions ra(sed by st_udents do not
“to-a chapter in the minicourse- text. a'I‘her_e are four - have definitive yes or no answers, there ig a way to

sections in each chapter ST © . determine whether a student’s answer is valid or not.
S - - 'Does- the . answer or solution (1) violate respected . -
<~ ° The ﬁrst section of -each chaiter consists of ' assumptions of known facts; (2) demonstrate logical .

. ‘behavioral ob]ecnves for that chapt A behavibral * *  intonisistency with other, parts of the solutiont and -

objective is a, statement y describes student known facts®(3) violate all common sense? Finally, a

.observable behavior or products of 'student behavior. ' - most. necessary requirement is that of demanding

‘Science advances by making . valid inferences on the accountability from.the student. Can a student back .

basis of observed phenomena. So, too, it is extremely up Hiis/her solution ‘or answer with evidence, either of *

.difficult to ‘determine the ‘amount"and extent of - an empirical or authoritative' nature? The teacher
. 'learning that hds taken place without making valid should become schooled in the asking of Questions - -
inferences based on observable acts, such as tést like “What is the baxis for yourassernan7” . .
performance A test provides a lirmted amount of )

' observable products from which 'to. infer the * The second section of eaoh chapter is a list of
unobservable process of learning. A comprehensive - suggested activities for that chapter. These activities, °
set of behavioral objectives provides a wider and thus plus othiers which you may construct, are designed.to
more valid basis for describing the act of learning. aid “'you make> your instruction - more
Behavioral objectives.can be.d great aid to learning. student centered. ~

vBut how-do you use them with ‘your students? _ L S
L | © Al teachers at some point in their careers assume .
If your experience with behavioral o ectrves is
Iimltedyread rgcent lterature in educazl)n about - that teaching is lecturing. If the teacher just presents.
, behavroral objectives. = , "a .lecture lucidly describing the essentials of a

: concept, the listeners will be ‘taught. Of course, .
< Objectives in the file or mind of the teacher are - presenting the information should- include - the
essentially locked away from the *students “This * appropriate voice inflections, projection “techniques,
fosters student dependency on the teacher and results and ‘gesturing: to dramatize the information, and .
in the game of guessing what objectives the teacher is
going to place on the next examinatjon. Both of these
situations are highly. inefficient. Therefore the first*

understand the mforrnqtlon bemg presented

v

: thmg yoi need to do with the ‘objectives of the "~ To say lecturing is oategorieally bad is bad in
“course is to commynicate thém  to the students. itself. But lecturing has serious drawbacks which™
Later; construct tests around/fitse objectivesr -, should, cause us to consider alternatives. For example, -

. . L _ it is difficult, if not impossible, to deliberately select
"+ Most educatianal activities'are followed by sqnie . and present the exaet combination.of words which
form of evaluation to éstirhate’the amount of student . , Wwill communicate the proper message. Secondly, even

Lt learmng Test items have been written for this " when this criterja is met ythe learner .may (1) have

minicourse -and® appear in Appendlx II. These test brought into the session all. the content that was
items ‘have alterpative ways of being used. Use them lectured; (2) not havé heard the wards in the context

"+ to (1) evaluate the learning of each on each of the.’ ‘in which they were spoken; (3) have had experiences' )

'\ objectives; (2) evaluate the:leaming of each student opposrte to those stated by the 100"“1’01’

- % felative to the others in the class; (3) let the studerits

‘}

*.interpret their. degree.of learning from the test. The = Fmally lecturing elthe! dlrectly Or indirectly. |

latter course of action may be used when you wish to - encourages student dependence upon-the teacher and
encourage independent functromng on the part of * (discoyrages: practice in independent student thinking. .
your students. . . . , I your objective is to have students be able to repeat

_ - S *or Yedognize certain facts, regardlesg of their-truth or -
The evaluatron of the test items is necessarily - accuracy, lecturing is a highefficient method. If, on -
hnlrted to basic terminology and concepts of power. the other -hand, you seek to promote the ability .of

geheration and environmental protection. In a largérs - learners to synthesize or evaluate information, to -

way, the questions raised by the inquiring mind are, demonstrate their ability to take a position with -
extremitly difficult to evaluate.In addition, there are respect to several plausible altematives{. ‘and to

" many questions which do not have deﬁmtrve answers. provide evidence (hopefully scientific and ‘empirical) - B
It is-extremely important to recognize this.in the for ‘his/heér position, then use questioning technlques g
classroom activities. It is also imperatrve to remember . as opposed to lecture as much as possible. * .

: \ ' : s '

[ . » - :\ iv ‘ ,v .

f ) - . t .' 3 . R -

“lucidly” usually implies that the listeners can clearly , -
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quegtlon-askmg verbal behavror in
e following categories should be

To gu}de yo
_ the classroom,

studied and practiced. These are taken from Robert-

B. Ribble and Clrajles B. Schultz, Sootal-Substantive
Schedule, Mirrors. of Behavior,"Vol. 12, Philadelphra
Research “for Better Schools, Inc., 1970%An audio

" tape of your classroom will provrde a -basis for.

checking. how many of thesé behaviors you.are
actually wusing. Teachers grossly

 overestimate
underestimate the amount of telling that transplres in
their classroom. - 3 .

6. 'Supportmg

o

previously encountered n eriaf. *
St: Are these threé
right?

T: What cautiofs did your mstructrons

8 pomt out"
Exploring:. asks the student to try another ldea
or add to’what he/she has said or done.
St: -It. says to make sure the batteries must

‘all face the same way. .
T: What else do you, think - woald” be
.important? &

' ?

3. - ~Pursuing: asks the studént to support his/her

+ statement :

St: Oh n., also says to be sure the needle ‘

SWll‘lgs up. )
T Whiert did you firid that statement?

4. / EIlcmng asks the student to. make an assemon
St: Right here in frame 16-14.

+  T:-Isee. What

the cells are hooked in parallel?

S. Translating: asks if a paraphrased version of the
student 'statement is accurate [Note: (a)- The
ktudent must know he/she may answer. elther yes

_or no; otherwise the statement tends' to be” i
coercive. (b)A good paraphrase elimfnates oné 6f -

3
~

more of the posslbig interpretations of the

student statemeht. ]
St: ,Not as much lea‘nclty will ﬂ9w

s Tt

~tells the student that
.performance is a eptabele This response should
"be used to build the stadent’s self-confidence in

[IKY

you think will-happen’ 1f

o ‘Do you mean that_ the needle will
N ) deﬂect1ess" :

‘anably
the. amount of"®questioning and -

. L. Checking: asks the sturhnt to recall ‘or ﬁnd '

eries hooked up all

_his/her-own perform}ce Hence, right answers

1. Foe

L4

- Environment,,
Waslungton, 9812,1

.

should' not be -the prime target. Instead student *
" - performance. should be weighed in_terms of
* previous results, techmques, hypotheSes, and
models.
St
needed charging.

. T: Sounds reasonable. Let me know hew

© your prediction turns out.

yﬁng [informing]: . presents additional

information. This technique should be used
~ sparingly since the studet is supposed to obtain
. most of the information from performing the

exercises. Normative information,- examples, or

reasons for*a procedure are most easily. ]ustlﬁed
St: IsthisOK? =~

T:e 1 believe that y
enough to .perrmt

8. Directing: suggests a procedure for the student to

r set-up is close

follow, Aoceptance of thé suggestlon should be a ..

student option.
St: What 711 happen Tuse thmner copper
‘wire around the carbon?
T: Why don't you try it and compare your
results with J ohn and Pete? -

/‘\ i \'. S

For other suggested activities besides those given
in this guide, see Energy and Man's Environment, an
elementary through -secondary interdisciplinary
activity’ guide avarlable from ‘Enkrgy and Man’s
2121 . Fifth ,Avenue,

" The tlurd section of each chapter is & lrst of

" audio-visual hids, most of which may be borrowed at’

. no charge They are from wrdely-varymg sources, and

" may not all be suitable.for a given age or educatlonal -
¢ level. So prevrew any you ‘plarn to use.

L} ( .
The: fourth. sectlon of each chapter is a list of

references.. Some are booklets which can be ‘ordered.

Yol may also wish to check"the list of\ references i m
the appendrx of th;,mmicome text. '

, At the end of the teacher s guide is a
decision-making model to help the reader analyze the, °
informiation he/she has received. This also a pears as .
{t:/ appendix to the minicourse text. Finally,

gppendrces the first concerning laboratory safety -

ere are

_ rules for workjng with radioactive substances and the

Qcond an achxevement‘test

g

Yeh, that s whg.&'t did when the battery

e readxngs W

Seattle,




*A.. Objectives L ’
. 1. The student will discuss two reasons for the
(- increasingtvorld energy demands.
+2 The student will discuss the growth in electrical
. energy use m the Uniied States s
roo | .
- B. 'Activifies ' . T
I3 ) » . . )
1. Have students discuss the role which electricity

plays in suppogting our current standard of living ; and _
the adaptations which we would be forced'to rhafmr -
this energy supply were seriously curtalled l «s‘\

2. Hold aclass debate Is pollutidh necessa;fy’ an; :
we live in a pollution-free socxety ? o : &
3. Have students complete the activity “Héw much’
electricity do you use?” in the supplementary sectI?n

at the end of Clrapter/l in the text.

4. Have' a grodp .discussion of which home .
appliances could be discarded to reduce electnt;al )
consump‘hon ,

5. Interpret, populatlon projection charts to
-,-determine the’ most probable populatlon growth in
the U.S. !
6. . Discuss “Will r_ecycling reduce, electrical
consumptxon”’ : : a ’
. 7 Consider thé ) following s|tuat|on Flood, high
winds> or some other unusual event has severely
reduced electgical power. You are, to form an.advisory
committee and set up priorities, sinc€’ electricity will
have —to- be rationed. What groups should be
represented on this committee (e.g., city government,
hospital, factory, etc.)? Determine priorities, such as
who. will get power and who will not and to-what
degree )

LY

3

8 Collect cartoons related to power generatron or
the dnergy crisis and make a bulletin beard dlsplay
lncl;le ather items as you see ﬁt 1
-~ . . N Q

9' Present the followrng rob mto students, with
or without time fqr thém to prepare answers or
possible slutions: -Electric power has been rationed
due to recent damage by violent we:fther In spite of
warnings to the contrary, your best friend’s fagaily
continues to use total air conditioning. The brownout
seriously hinders the.full use of certjr.ih _equlpment at

ALY

CHAPTER 1
THE DEMANl/) FOR ENERGY

. the local hosprtal Ask the students' “What is your |

. 10. Irlentify._;he materials used in e,new._autornobil '
. and the source. of these materials. Estimate what

¢ s

reaction? What are you going to do about it? What
should you do-abeut it?”

..
-\
.

percentage comes from oil-based sourcest

ll Have each student in a sectlon, class or school" ‘ ,' N

‘individually rank ‘the importance of fhe items listed
below. Then cgllect information on how many

: number 1 votes, number 2 votes, etc., each item
. receives. Have each'student gompare hls/her rankings
! wrth the composrte rankings:

-unportant)
. y Il "
a. pure water - ‘
b. cléan air '
c. acceptable noise levels -
“*d. anunderstanding of ecology. .
e. conservation of our- natural (mcludmg

human) resources

a practical environmentat life style”™

elimination of litter -

stabilized population growth

ban on. use of biocides. (pestlcldes and

herbicides),

efficient consumer practices

reduction in energy- consumptron

rational land-usage ]
. ‘reductionl jn private and commerc SOlld

waste products _ l?
control.of, thermal pollution ¢
sensitivity to one’s surroundmgsi
(envrronmental awareness)

.

12. Have'a group of students,\p‘laying the roles of -

ambassadors from an underdeveloped country,
develop and present an argurfient at the Unjited
Natrons for a more equitable sharal of the world' s
resoprces Use real data from actual countnes if you -
w1sh : -

’
1

13: Trme s choice for Man of the Yeur in 1975 was

© thé late King, Faisal of Saudi Arabia. What reason dld
: Tune give for this-selection?

e

L 14, Construct collages from magazines and papenf on

thé topics energy;-pollution and quality of life. Or use

',photographs from the school and community for
.siich a collage %



w

15 Have sthlents read about electric meters and do

. the - ~“Readmg Electric Meters” activity in the

supplementary . sectlon “at the end of Chapter 2 in the

o text v

. 3 Nuclear Power and the E'nvtronment—

;gvxronment a fteaching kit including. records dnd
filmstrips prepared for Southern California Edison

-

C. Au Vlsual Matenals P ' FE ’

1. The E'ne»y Env:ronment Game, a sxmulatlon
dealing with society’s demand for energy and -its
effect on the environment.. Edison Electric Institute,
90 Park Ave., New York, New York 10016

Environmental Health E'nagy ‘and the

Company by H.R.A;, Inc., P.O. Box 3036, Granada

Hills, Cahf9l344 - AN

[

16mm
sound, 14 min. Takes up the problems that stem from
‘the growing demands for electnclty in the U.S.

Discusses the care taken in studying a controlling
the effects of nuclear power plan on - the
_environment. .

4. The Petroleurn Tree, a chart showmg products

obtainable from crude oil., Single copies available .

from U.S. Depaitinent of Interior, Bureau of Mines,

_4800 Fo.bes Avenue Pittsburgh, Pa. 15213. )

S

- National Scien

-

-

5. E'ncounters w:th Sctence 33 1/3 ‘RPM . [

audiodiscs, each containing .eight ‘short sequences.
Many are on.eneggy-related matters. Available from
Foundation,

D.C.20550. i .
' D. Referencgs - f

x

. -

~ . . Ce

- 1. The Search for /Tomorrow’s Powen National

Geographic, November 1972, pp. 650 ff. 7

2. Managing the Power Su'pply and the
Environment, Repért of the Federal Power
Commission’s National Power Survey Task Force on

Environment, July 1971. Federal Power Commlsslon,

Waslygton,ljc 20426.

e

3. The Szgmj]&ance of Arab Oil; baoklet available in .

single copies from League of Arab States Information

. Center, 35th Floor, 747 3\d Ave New Ydrk, N.Y:
V4.  Energy and the Future, book giving a general

- view. Published .by -American Assoqanon for the-
Advancement of Sct

ce, 1973.
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. 3 " CHAP’IERZ e L 5
o,
‘ M ING THE DEMAND FOR ELECT RICAL ENERGY p " )
A. Objectrves n R energy Brainstorm all methods ‘you can think of tp .
‘ N B transport that energy . to the earth.'Next, examine the
1. The student will dew$e the. produttion of an adyantages and dlsadvantages of , each method ~
electric current ahd relate this to the generation suggested. . .
- of electrlcal power v 7/ ) ( ; °. .
. ‘ ) ¢ s .‘v - )
2 The student will ide ntrfy‘( present methods‘of 11. Have stﬁdents_.read about electric meters and do

generating electricity, soge possible altematwe
‘methods and the hmrtatr?ns of each in meetmg
" our'mergy reqmrements

mtles

»

B’

1. Have the students use a hand-operated generator )
to produce &ough energy to . light a small
incandescent bulb. This generator might then be

operated by a model steam engine, producing, in\

effect, a m1mature wer generatmg system

-2, Demonstrate tht magnetic lines of force by
sprinkling iron filin
placed over hOrseshoe and‘Bar’ magnets

" 3. Condduct a field tnp to one or morge of the
strip - mine, deep mine, -

followifig: power plant,
transniission substation.

. v : », :
4. Allow the students to e'xperjment with Oersted’s
loops. Can they devise ways to increase the amount
of electncrty they can gét from this apparatus?-

6. Prepare a small’ b&:k oﬂ" photoelectnc cells
hooked up to a pjetér. Determine the

electri¢al output under varyrynt conditions., -
[N

1 . -
7. Have the students prepare and present reports to
the class on altemative sources of electricity. '

.,

8. Try to devrse .alternative schemes of generatmg :

Jectncrty
9. Have an electric company representative discuss:

a.
b. -How a power grid (transmission and
Y distribution system) works. mljl
»' -c. How they’try to solvé their envrronmental
" problems. ’ ; -

’ N . ', ' N \»

N

the U.S. .converts solar energy to electncal

on a piece of heavy paper

How their local generatingbstatlon operates ; )

Assume that a space platform in statu}nary orbrt .

the . “Reading . Electric Meters” activity in the
supplementary sec on af.the end of Chapter 2 in the-

Tt text. v _ ‘

*
L]

C. Audio-Visual Materials

.

4.~ world Behind your, Light Switch, 16mm s(mnd

. 28" min. "On transmission of electricity. Bonneville
Power _.Admi}ustratron Us. Department of, the
Interior, P.0. Box 3621, Portland Oregon, 97208

2.~ Inertia, l6mm sound, fB min. On fransmission .
7f.electricity. Same source as Number 1 above.

»

3. Electric Power Generanon in Space, . l6mm
sound, * 26-1/2 min~OR" solar cells, fyel Scells. -
‘NASA—order from NASA Regional Fl Librdry
serving your tat) . . e,

4. “Birth)of an Era 16mm sound, 27 min. Ga

*

hydropower. U.S. Amy Engmeer’Drstrict 200 E. |

Julian St P.O~Box 889, Sayannah, Ga. 31402

_ Q\) Lap
S. Trees and the Enery Chsu& Reel audlotape,
-7 1/2 ips, 15 min. On wise.use_of resources. Amerigan
* Forest Institute,. Educatlon ‘Division, 1 9
Massachusetts \9ve NW,.Washrngton DC 20036
6. Natural Gas Fuel Cell, 16mm sound 28 min.
Shows' production of ‘electricity from . fuel - chlls. -
Brooklyn Umon Gas, Public Relajons and

Advertising- Dept 195 Montague St Brooklyn N. Y
112015

......

£

N

S :’l'o Bottle the' Sun, 16mm sound $5-1/2 mln On

fuswn ERDA (formerly USAEC) Film Iibrary, PO.
Box 62, Oak R.ldge Tenn 37830 o

s e
D. Referencm, oo o

1. The Search for’ Tomorrows Power Natronal
Geographrc November 1972 pp 650 ff. s

o

. \
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2 Follow{ng dre the namqs bf seven chapters from
the book Mineral Facts' and Pmblems. One copy of
up tq 10 of thegp - chapter's may ‘be requested: in,
* 5 baoklet formi on official - stauoﬁery fromr U.S.
- 'Department ' Qf ‘the: 'Interfor, Buréau of “Mines,
. Publications Distributlon, 4800 Forbes , St :
Pnttsburgb,Pa 15213
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3. Power and frogress a booklet on general facts
about electnclty Single copies available from Edison -

Electnc lnstltute 90 Park Ave New York -N. Y
1(I)l6
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1. The student wil!? ‘

‘. J . . r
A .
. / " -

A. Objectiges - )
ibe in general terms the
process of fission will include the ‘concept

" of the chain reaction as a necessary phenomenon
for the continuation of the process.

2. The student will list and describe the functions , -

of the major components of a mitlear reactor.
Major components mean fuel assembly,
moderator, coolant, control rods and shielding.

3. The student will compare the various. reactor
types in terms of the cooling systems used.

4. The ‘student will describe the concept of'“\t:he :
breeder reactor and the types of breeder reactors.

5. | The student will describe the“"'si;afety features-of ~

reactors, including natural

i safeguards and
engineered safeguards. ' \

B. Activities

. 1. Have your students construct a model nuclear

power station.

2. Arrange for a tour of a reactor facility hear you."

Make certain that your stidents are well prepared for -
the trip and that follow-up activities are conducted o

when you return.

-

3. Conduct mock hearings relative to the licensing

‘of an imaginary power reactor in your school district.

Divide your class into groups representrng the utility-

company, the Nuclear Regulatory Commrssion, the

state reguldtory agency and a ‘watchdog .
conservationist group. Discuss the situition from all -
aspects. (Refer to Nuclear Power and the Public,
pages 124-184. See ‘eference in Section D of thls

‘ '-chapter‘)

4. Contact the Amencan Nuclear Society to suggese _

speakers and materials concerning nuclear power
plants. Write .Octave’ J. DuTemple, Executive -
Secretary, American Nuclear Society, 244 East Ogden
Avgnue, Hinsdale, Illinois 60521.

5. Prepare. a list of slmilaritm and dxfferences .

betweena nuclear reactor and an atonnc bomb
C. Audio-Visual Matenals ; :
1. Atomic Power Today Servzce thh Safety,

.‘16mm sound, 28-1/2 min. A" 15- minute abridged
. version is also available. ERDA (formerly USAEC)
-* Film Library, Technical lnformation'Center, P.O.

Box 62, Oak Ridge, Tenn. 37830.

Y KCHAPTER3’ |
|- NUCLEAR FUEL GENERATING STATIONS l ‘ >

2, Tomorow's Power—Today, 16mm sound, 5-1 /2
min. Availatle from same source as Number 1.

3. The Experimental Boiling Water Reactor 16mm
sound, 30 min.  Available from same source as
Number 1 above )

4. Power Unlimited, 16mm sound, 12—1/2 min.
Avarlable from same source as Number 1.

S, A Breeder in the Desert, 16mm sound, 29.min RN

Available from same source as Number 1.

6. The quua Nuclear Power F'actlzty, 16mm sound,
23 min. Animated comparison of -various power. -
reactor types. Available from same source as Number
1. . E . .

1. - Dresden Nuclear Power Station, 16mm sound, 15

. min. Available from same source as Number 1.

8. Landmark, 16mm sound, 14 min. On breeders.
Available from same source as Number 1.

:'9. My Nuclear Neighbors, 16mm sound 15. mb’
Hhistrates how. nuclear generating stations: fit into
communities. Klein Company, Walter J., Distribution
Director, 6301 Carmet Rd., Charlotte, N.C.28211.

> 10. Now that the Dmosaurs are Gone, 16mm sound,
28 min. Rental fee, but may be available free from
local utilities. Atomic Industrial Forum, Inc., 475

- '_iePark Ave. S, New York, NY 10016. -
D. References ‘ )

1. A complete set of the Undentandbg( the Atom
series may be obtained free by teachers writing to
ERDA ¢formerly USAEC) P.O. Box62 Oak Ridge,

Tenn. 37830. o

-Nuclear Power Plants
Nuclear Reactor = _
Plutonium: <
Research Reactors -,
Snap; Nuclear Space Reactors
" Breeder Reactors -

2. Nldell'l’ova'an‘lﬂwl’ibllc,ﬂarryl’oreman,

. editor, University of Minnesofa Pres, Minneapolk,

Minn. (1970).. -

3. The Four Big Fears about Nuclear Power, Mph
E. Lapp, The New York Times Mquine, Feb 7,
, 1971

4, _glone Enm from the Atom—But Will It Come - -
in Time? U.S. NemandWorld Report, Feb. 19
1973 ’

A
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'A. Objectives

The student will ‘identify the methods of using -

fossil fuel to produce - electricity . by steam
generation.
. oy .
2~" The.student will discuss existmg reserves of fossil
v fuels and their predicied avmlablhty

o 3. The student will discussthe pamcular pnoblems
.. related to the use of ooal in the" production of

electricity. .

-B. Activities

‘1. Have your students construct, demonstrate and
discuss Hero’s, Engme, made from a toilet tank ﬂoat

and copper tubfng

-

Re CL
2. Perform’ destructive distillation of a sample of

soft coal. DescTibe the products.

*3.  Visit a fossil-fueled electrical generating plant.

- 4. Arrange a class visit to a nearby coal mine or gas .

or oil well.

5. Compare the methods of War ”porting coal,,oil,
gas and electricity. . .

v

6. iJsing a Polaroid camers#® photograph the stack
emissions from a power plant over a one-week period.

C Audio-Visual Matetials

1. Invasxon by Oil, 16mm sound 27m1n On oil
spills: U.S. Army Engineer District, Attention PAO,
P.0. Box 4970, Jacksonville, Fla. 33201 .

<

. CHAPTER 4
FOSSIL-FUELED ELECTRICAL GENERATING ST'ATIONS

2. 7he Invxslble, Power of Coal, 16mm sound 28
min., National Coal Assn. Available from Modern
g,Talkmg Picture Service.-Must be booked from their
exchange nearest you, °

° »

3. Natural Gas and Clean Air, 16mm sound, 20 min.

. American Gas Asin.,- Film Semce Library, 1515

.. D: Refererices \'

. Wilson Blvd., Arlington, Va. 22209, -

‘4. Power from Paradise,-16mm sound, 32 min. On

construction' of a coalburning plant. Tennessee

Valley Authority, Film Services, Informatlon Ofﬁce, ‘

Knoxvr]le Tennessee', 37902. ; .

'S, Stnp Mme Reclamation, iémm sound, 17 min. .

Available from same source as'Number 4,

S

1. Cod in Today’s World, a-booklet available- in

' classroom. quantities from Natjonal Coal Assn.,
" Education Division, 1130 Seve

n eenth St., YN.W.,

Washington, D.C. 20036. .

2. . Protécting our Resources 5 bookiet on’
petroleun available in single copies from Amencan
Oil Co. Public Relations - Department, 910 S.
Michigan Ave., Chicago, IIl. 60605.

3. Coal is Cheap, Hated Abundant Fxlthy, Needed

" Jane Stein, Smithsoman, February 1973, pp. 19-27

4. The Story of Petroleum, booklet available ﬂ'i-

classroom quantities from Shell Oil Co., "Public
Relations, Attn. Room 1541, One Shell Plaza, Box

~ 2463, Houston, Tex. 77002. .

5 Map of Coal Areas in the U. S shows coal
deposits, gives resérve and pmducﬂon ﬁgures
Available fnom same source as Number:t ail .

T
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é’HAPrER 5
BASIC ECOLOGY: ’PRINCIPLES AND lMPLICATIONS

A Objectives : 1 /
1. The student w1ll describe nutnent and energy
cycles. L.
. 2. The student will discuss the '-‘t',:'oncept of

community succession in a given ecd’system
wE

3. The studént will describe naturgl control and
balance within an ecosystem /and how this
- balance has been upset by human activities.

1. Obtain several samples ,fro'” the. bottom of a

nearby stream. Identify several dominant organisms.

Hold these samples at different temperatures for 24.

hours and determine what’ changes, if any, eccur in
the frequency of the vanous organisrhs. o

2. Chill about one hter of water to approximately

. 10 degrees Centigrade. Shake the bottle vigorously to

. dissolve as much oxygen as possible. Separate into

" several portions. Détermine the amount of dissolved

‘oxygen in the samples as they warm to room
temperature. '

3, Grow green plants in a sealed terrarium.
Introduce sulfur. dloxlde and determine the effects on
the plants - v

C Audlo-Visml Matenals

1. Web of;Life Endless. Chain, 16mm sound 28
- min. On ecplogical balance and its upset by man,
- .ERDA (formerly USAEC) Film Library, P.O. Box 62.

Oak Ridge, Tenn, 37830.

_13. Ecology and Field Biology byg

" 4. Concepts of Ecology by
_Prentice-Hall, Inc., Englewood’Cliﬁ's,‘NJ 1969,

2. Sierra -Club Educators General lnformatmn ‘
Packet, information on how to obtain Sierra Club
teaching aids for conservation education. Sierra Club,
Educational Information Office, Room 1050, Mills -
Tower, 220 Bush St., SanFrancisco, Calif. 94104.

3. Energy Vs Ecplogy—The Great ®ebate, 16mm
sound, 27-1/2 min. On coal, surface mining apd -
restoration. Modern Talking Picture Semce Book .,

; from Service Library nearest you.

4 For ’Man and Na!ure 16mm sound, 28-1/2 min.

On protection of man and nature.. Avanlable from ¢

same source as Number 3.

5. Ecology, a classroom poster and dxscusmon guide

to help provide students a better idea of.the meaning

. of ecology. Ex-Cello-O Corp P.O. Box 386, Detroit,

Mlch 48232,

D. Referenees

1. Fundamentals of

logy by E. P Odum, W B
Saunders Company, o

delphm Pa., 1971.

2. Natural Ecosystems by W. B. Clapﬁam, Ir.
MacmilIan Company, New York,N.Y., 1973, .

Harper and Row, New York, . /-/1 ' ,4-.

. J. Kormondy, ’

5. Communities and . Ecosystems by R. H
Whittaker, Macmxllan Company, New York, N.Y.,

-1970.




K : of. electncrty\

K ._,'1., The. student Will"éompare the mag

’t':. o’ 3 '1.'he -student will descnbe

I

' } 1. “‘vfl’g, illustrate thé lu'mnatron of radron t eﬁ by - .
' natural-*radioacti pay, e‘xpel'unentally pémm

' mdlum-ll3m (104 tmmu

N ‘maniging waste heat produced in the

i ‘thermal “pollution from both nuclear and fossrﬁ‘

electrical power stati ‘,nd state thm for‘
the diffexences A NERRRIR .

. t R . s B
the .sources of s
radtoacn,_ waste in power generatron

' ‘4 Tl\e\studenjl rll descnbeef.he emanage,ment 5

. methods for gaseous, hquid -arld $otid radioactive ,
Wastes, includmg the :: cuﬂreng - aid opro_|ected E

volumes and actlvmes of the&'wap &)

‘wxu

s 5 ,The smdem wﬂl d!scrhaevthq;wastes"ésultmg

?m the bummg of fes:il fuels.

LA

the halflife of a” ortlived ‘radioisoto ch ‘as
“batium - 137m " (2.6
minutes) * or yttqum39 A3(641"hours).” These
radioisotopes dre avaxlﬁble from minigenérators
distributed by Union Carbide ‘Company, Tuxedo, -
' N.Y., Have the students determine life' by taking a
series of one-minute counts of a ple at intervals -
for a period of time covering sevgral half lives. Be

- " certain to determine background and subtractit from
. each count. On graph paper, plot a graph of actj.vnty

_versus time. Graphically, determine the half life.
2. Use a wet-dry bulb thermometer or sling

- psychrometer to illustrate evaporaﬁve cooling

3. Devisean air filter, uslng a vacuum cleaner and
filter paper. Compare air pollution samples from
various areas of your city. Use a portion of & clean -
vacuum cleaner bag as the ﬁlter )

4. To determine sir currenta -which tend to dispem "

pollutants over your local area release a number of
helium-filled balloons with postcards attached. The
postcards. should be self-addressed and’ contain a

checklist of the information which you to.

«receive,. such a location, date, time and name of
finder. This will increase student understanding that

+ » others are affected by what anyone at any place does.

s

/

'\ K ) .

' ° ) ' €,
. .\j‘j 8 . &

. - , .

LS

AR e ‘. . ';i' . S .:’ \
S o CHAPTER 6 I TR
o WASTES IN THE PROpUCTION OF ELECTRIC POWER . "-;-, e
'A Objectrvgs R , - 5. Determine witer currents in lakes, rivers or ba S, o
o T sy . vusing plsnstm contalners w{ th: postcards mside Al ﬁ;‘c .
I. . The studerit will compare the currentyijethods'of . . - \ X ¥ S

. 6. 'How can wastes from; electncal generatmg ﬁlanis T
' bq nsed advantageously" M&er the follwingy¥alte S

- heat, ash,’ oxides of. sul&gr,r xides of“nity gen, 1Y
“radidactive ﬁssron products_,.mimng;)ytas_fes. RN j L “\
Vo -n‘-“’-i ,~’,¢L' B ’. \ e

7_., ytain ash from aoo fumac!! i)rasitmple of
coal. Run a small amount of.water: through the codl.
* Note, ny clianges in pH' o( the wafd.r»hy means cfan
dnd;c or paper o o, : ]

*

- 8. Weigh a sample of coal bum the coal and then

» L weigh the ash.

0 Place lOOmlofheating ollmabeakerand' .

% determine its werght Bum the orl and weigh the ash.

‘

C Audio~V|sual Matetials

1. Hrgh Actzwty Waste,, l6mm sound 17 min. :
ERDA (formerly USAEC) B{lm Library, P.O. Box 62, «
Oak Rldge, Tennessoe 37830 .
2. T)an.rportation of Rad&actzve Maten‘als Part II:

. fAccidents, 16mm sound, 34-1/2 min. Avallable from
same source as Number 1.. . _ o .

3\ Pro;ecr Salt Vault, q6mm sound, 11 min. On - *°

. disposal of radioactive v_laste in vacant salt mines.
* Available from same source as Number 1. .

A
D. - References
1. From the ‘Undemstanding the Atom sories, a
complete set of which may be obtained free .by
teachers by writing ERDA (formerly USAEC), P.O,
‘Box 62, Oak Ridge Tenn. 37830, - . . ,

Radioacrfve Wa.rres
2. Nuclur Power and the Public, l-hrry Foreman,
editor, University of Minnuota Press, Minneapolls
Minn., l970 . . .

‘.‘, >

3. Plans for the Manqement of AEC-Genemred--.. —~
Radioactive Wastes, WASH-1202(73). Diviiop of = -
‘Waste Management and Tnnsportatlon, July 1973 ,
For sale by Superintendent of Documentr, GPO, -
price 80 cents..



~ radiation on the germination of seeds.- (See Hermias

[P '.v » ° .ﬁ;fg- '
- '/ -~
. . CHAPTER 7 ~ E ¥
R \t T HEALTH EFFECT S: A COMPARISON
A. Objectives ‘ IR :

W I O, 8 o S Determine the half life of - a shortliveg

,The student will identify and desc be the major radrorsotope such as banum—l37m (These may

types of radiatlon from radioactive Inaterials.

radiation dose. * -

3. Teceived, the major sources of radiation to the '
pyblic at this time.

'3,4 The student wi]l descnbe the somatic and genetic
effects of both acute and chronic exposure to -

radiation.

5 The student will recognize the factors whrch
i rnfluence the biological effects of radratron.

(he student, will recognize the assumptions that
#Z<%re made when radjation protection gurdelmes
%¥or low-level exposure are established. :

" The student will list the gaseous effluents from
‘the combustion of fossil fuels for electgic
generation and-their effects on human heéalth and *

" the physical environment. (Gaseous effluents
include oxides of sulfur and nitrogen and
particulate matter.). .

8.,‘,.-5'Ihe _student “will describe the concept of
) beneﬁtversus-nsk .

Actrv;tles

=

The student will oompare in order r of dose rate

2 The - student will 1dent1fy the basrc units of

" Ridge, Tenn. 37830."

* . 450 N, Meridian St.; Ind

1. .Demonstrate absorptlon .and assimilation of

"~phosphorus-32 from water by fish. (See -

_Radioactivity: Fundfmentals and Experiments; by’
“H:mias and Jeecile, Holt, Rmehart and Winston,
1963, pp. 155157~ :

~

2. Conduct a student expenmeiit on effects of

and Joecile, op.cit., pp. 148-151.) Have beans or corn
irradiated at"a local hospital or buy irradiated seeds. -
from a commercial source. Keep the number of seeds
for edch sample above 100, varying the radiation
dosage. Study rates of germmatron and percentage of
germinatlon. . : .

*3, Have alocal radiologist meet with the students to
discuss effects and use of radiation and radioisotopes.

4 Have students ‘perform. various experiments on
the biological effects of radiation. Many. age described "
in ‘He ~and Joecile (op. cit.) or in Nuclear

 Sciefice;  Chase, Ritupér, ;and Sulocoski, Burgess

" Publishing Company, 1970.
._1 .

-4 - ]

¥ maintain this quality

dosage fiom- - the activity in.the. supple
material at the end of Chapter 7- in the stude!

7 In class drscussron, rhave students defing qualxry
of life and describe risks they are willing to talre to.

.
e

C Andno-V'mill Matenah

2. Radiation and the Population, 1bmm sound, 9. :
min. On genetics. Available from same source gs '/
Number 1. S A o AT

3. Air is for rthy
brological effects @

apolis,/Ind. 46204.

4. No Turning Baclé. 16mm /sound, 27-1/2
Shows AEC’s long—ter"'m commitment td
h. Available from same source

and man-made.
Humber 1.

D References
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- CHAPrEIFs
: St , :
% w7 PLANT, ITING AND ENVIRONMENTAL IMPAC'B -
; "A—._ O‘Bj'ectrves _ ’ S. Obtam an’ envxronmental unpact statement for a’
1. The. student - wrll describe the ecologlcal new power plant. Rewew 1t in detail.

[
3,

geological, meteorologlcal geographrcal and

_ démographic consrderatrons which must be taken-
- into account i plaht-site selection. /: :
B, ‘ AC’thltles w ) - . _/“ .-

1.  Have students prepare n*ports on possrble
altematrve siting for power "plants / such as
underground or offshore. .

oh

j .
2.».Have a speaker from a state or federal agency

h

’ dxscuss power plant'site selection. .~ / »

3 Choose: sites for one or more hypothetrcal
generatmgL plants in your sate. Discuss these proposed * .
- sites in light of the considerations in the. chapter. Also
“discuss the reactlons ‘to each site by a banker, an

- educatory an~ industrialist, a: canseré'atron club

_ president, a hospital manager, a farmef, a vealtor, a
~supermarket ‘owner, etc What are your own

reactlons'7 : /

nearby site. Have the students’ determine - " the ..

4. - Assume that a nuclear plant- Yﬂ be built ona

~ procedure for obtammg a construétion permit, Ask',

the advice of your local utility. Do the same for a
fossil-fueled plant. / -

/ et

. ‘
SIS

C Audlo«Vrsual Matenals

earthquake studies ‘and engineering adaptatrons in -

building construction. Available from Film Assoclates - o

bookmg service nearest you: ’ c

i

! D References ' . o e

1. .Nuclear Power' and the Public, Harry Foreman,

Editor, University of anesota Press,- Mlnneapolis,
" Minn.,1970: ) -

2. Cons:deratxons A ffecnng Steam Power Plant Site

Selection, a report sponsored by the Epergy Policy
Staff; ' Office of .Science and. Technology, 147 pp.,

1968 Supenntendent of Documents,GPO Rl 25

3. Nuclear Power Plant Sitin'l A Handbook for the
Layman, by Dennis . L.
Service Sea Grant; Universit 'of Rhode Island, Manne
Bulletm Number6 32 pp $1.00." ™

4. lG‘CFR Part 100, Reactor Site Criteria Seismic
-and Geological Srting Cntena o

¥dith, Marine Advxsory“"ﬂ

L E‘&rthquake l6mm sound, 13- 1/2 min. Descn“bes._ -
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A T " CHAPTER 9 *' ' .. - :
‘ ENERGY CONSERVATI?N | .
A. Objectives \ o ) 6. Review past electric bills for your home, ovefas .

J R e',’-

long a period as the bills are avaitable.’Construct a
1. The student will idantify the modes of energy . graph to shdw cost, consumption a and time. Note on~
consumption ifi th§ Usited States and the . the_graph, if possible, w“’hen ma]or agpllances were

methods of conserving energy. v added.
NP
B. Actmtles TR , . 7_. Sugyey your co umty Identify unnecessary -
- : B tses of e electricity, whith, if stopped, would have no - "
“Have students drscuss Rivances which may make - -reat impact. on your lrfestyle o=
automoBﬂe engines more \eﬁ_i_‘:i?m than present " 8. Review poi:\mr magazines for utility advertrsmg
internal combustion engines.y © N7 Chssify thise advertmngaspromotronal conservatron,
t ' T : : - public jmage or other . o ST
. 2. The mandatory addition bf anti-pollution devices L, publie ¢ orner. ’/‘ ’ BN
~ to automobiles had reduced ggsoline mileage on most - - 9. Visit grocery “stores and ‘compare pqnces of "
American cars: This is an examiple of a trade-off: Less returnable and nonreturnable soda bottles-and cans.
lefﬁcrent fuel use for:cleaner airyIs this a wise decision Read about and drscuss Oregon $ non-return law.
at a time of gasoline shortag?_Discuss thison a ..~
nsk-to-beneﬁt basis. - e . 10. Develop a system to reward peoplé who travel o + . .
B -~ % . . work or 'school in  car pool “br on public . .-
3 Have stndents design a'ma b transit system for3;:- transportation. R Y
your ‘community. How would Bis reduce pollutron' e '
while mcreasmg efﬁcrency of fuel §se? - L -C. Audlo-Visual Materials. - R
R \. Crisis in Energy, 16mm sound, 23-min. General}-_ :

4. Compare the pollutron effects of cument - view of energy crisis. Brooklyn Union-Gas, Public )
transportation systems wit§ those from * 'Relations and Advertising Dept 195 Montague St., -
-, transportation’ E stem$ using eldtrically- powered - Brooklyn,NY 11201.

- vehi les Comh dvantages'and dn dvanta es.:
¢ P g = gese 2. Three E’s 15mm sound, 28 min. Showsi%

5. Consrder the follong hypoth ! rcal srt\uatrons - energy, ‘econofnics and environment are related.
' : Exxon co., Public Affairs Dept. 1251 Avenue of the
a. Due toa natmnal emergenc $, the nation’s - Americas, New Y°l’k NY. 10020 )
home consumption of electricity must Qe reduced. In ~ -
your commuanity, each dwelling must supmit a list of D. References

You—What Oil.. Consenmtlon Means-to You.
) ' t discu
‘¢ent. The appliances removed will not be régurned for IBn(;:krslteate oil ”goﬁptfe'ggmgn,%dﬁuf&

- a year. What will :your family give up? The list of
appliances in Actrvxty 3of Chapter 1 will bhelpful %clt(r)cgn, PO. Box 53127, Oklahoma City, Okla.

.

_ electrical appliances which, when removgd from the = -
«; home, will reduce the home consumption, by 25-per y

~b. Placed in your home will be a devige that 2. Conserve Energy—Our Spacesh Earth—Needsa e e

v will turn off electricity after a monthly. consulpption . Moye Fuel! . Comic book tells thods of home S
of 70 percent of your last month’s elegtrical . - energy conservation. Single copies from Edison.
consumption js reached. .Plan hdéw to budget{your - Electric Institute, . 90 Park Ave., w Y‘ork N.Y. S

electncrty to méet your needs . B NP 10016

P




At "this point the: student must. proceed to

synthesize the concepts which | have been presentéd in
the various chapteérs of, the cours¢. The student

- should grrive-at’ decrsrmwluch, in his/her own mind,
are logical and based upon the mfomltron These _

" decisions should mclude

)

" student. TRis, of course, is
_tend by our statements, facial expressions and:

. resolution of environmental pipble

P »

1. Do we wish to mamtam our standard of
living, or do. we wish to give up some or all
of the conveniences and products we now
en_|oy" . —y

2. Do we wrsh to continue as we are, 1gnonng

. :the envitonmental cost? If we do, ‘are we
will}ng to pay the ultimate pnce"

3. How can we produce the electncrty we neéd
at the least expenditure of our - mineral
resources and at the least cost to our ,

: envu-onment"

4. What are the alternatives to the nuclear -
generation of power? Will these be sufficient
for our needs?

5. Are the -advantages of nuclelr generation (or
any other method of generation) wOrth the .

price? -

As the student formulates these-decis_ions, do ‘not
attempt to guide him/her in any way or bidhis/her

* judgments to_conform to your own personal attitudes

or opinions. Your task is to.rell it like it is and then
to turn theOdecision-makmg process. over to the
is difficult. We as teachers,

gestures to communicate our own value judgments to

- “our students, but in this case we must absolutely

' CHAPTER 10 ’. .
SUMMARY T .

refrain from "doing so, even though we will

yndoubtedly undergo some emotional strain as we
watch our students making what may be, to us, the

. wrong decision. However, each student should decide
- “for -himselffherself, or as-a member of a group of

peers. This, after all, is the democratrc process.

Engage your students.in decrsron -making. Use the

chart of Basic* Decisron-Makz Modpl for
“found - in
Appendix III of the student inanual artd reproduced

: here

—

Elowchart of Decmon-Mdung Model .

The reader has been confronted with numerous
, lssues regarding the conflict between enjoying the

supposed beneﬂts of a technological society and . .

12

21 ., O

NOTE: D.
questions which lend themselves to Yes, No or ? .
-answers. The path one takes on the flowchart: is

.determined by the answer to the question '

.
- -

reducing the quality of our environment to
intolerable levels. Decisions to resolve the conflict

must be made; they will be made. If knowledgeable
-people o
_ knowledgeable persons will. The attitude of letting -
‘George do it is' a gross ahnkmg of responsr!nhty ey

refuse tp ‘make -these decisions, less

But how do persons wrth a bit of knowledge
about _the problem, (such as that acquired _through
this minicoufse) make such decisions? How do they "

evaluate the available data? How do they know when - o

they have surveyed all the data? How do they test for -
logical inconsistencies- within the -reports? The
problem of aﬁalyzing large sets of information and
formulatmg workable solutions-to prgblems perceived

s one ‘of '»the meost’ mmd-bogglmg and difficult.
endeavors d'i‘éhe human ming; it s also one of the
*- most rewardmg S el : .

A model or gmde to this dectsion-maklng

" process, presented ‘in Figure -1 in the form" of an -
things- to do -
(rectangles) and includes crucial questions (diamonds) -~ -

instructional  flowchart, suggests -

which help pinpoint errors in interpretation of the

. data and conclusions. The rectangles and diamonds
are logically mtereonnected by arrows to suggest.
' whrch way to proceed

)

Each main. point’ in the flowchart requires a brief

explanation. “Fifst, be intellectually aware’ of the
environmental
generation and be interested .in the identlﬁcatron. of
solutions of these problems. ~~ = - -

Stage 1. Use your knowledge of power-resourcesand
‘environment to acquire factual information and

understanding of basic issues involved. Completion of
the minicourse is useful here

: Stage 2. Iaennﬁ: questions you may have abour the'

issues for further refinement and analysls

Stage 3 Have others raised similar questions?
Answering . this question can  provide access to
discussions of the issue which have already been
completed and tends to reduce the phenomenon of
reinventing the wheel. In addition, the knowledge
that may be aising relatively new question can be an
enlightening and rewarding experlence

iqrnonds represent declniom in the form of

problems caused by  eléctrioul



&

€

S,
e

>

Stage 4. Have solunons been posed7 If Stage 3 was _
~ answered in| the afﬁrmatlve ‘we now . begin- ‘to

investigate the merits of the solutions :
Stage 5. Are solutions based on solid evzdem:e’ If

Stage 4 was answered in thé affirmative, we can now

ask ‘if ‘thiere is substantial and logrcal evrdence to
support .the solutlon under question, .

Stages 6-9. A negatlve response in either Stage 3, 4 or

* 5.direct§ the decision-maker into the key-branch of
- the flowchart. Stage 6 directs;the learner to survey
information related to. the problem for solunon) or~
to examine specific issues which relate to-the problem.

under consideration. Caution! Avoid the temptation

to'Switch to a related problem! Stick to the issue. at .
, hand' Tn- Stage 7 list altemative solutions to the

problem; - that 1s determine, without excessive .
evaluation ‘at this point, if there are other possible -

solutions to the problem. In Stage 8, start the process

of evaluating the main and alternative solutions from .
.- .Stage. 7. by Izstmg advantages and disadvantages of

each soiunpn, - : T e

Now that you have exammed the evxdence and
tabuIated the pros-and cons of.the’problem or
solution, evaluate each as to. its practicability:- Then
mnk solunons from best to poorest (Stage 9).

. e

ey .

" Stage 10, Are there, unsolved problems? Presuming.

affirmative answers to Stdges 3, 4 and 5, we are now

- where we see if all_important questions have been

asked. It is recogmzed that important questiogs

“““obviously involves value (subjective) judgments, but. - .
value judgments in teéhnologxcal applicatrons are

unavordable

n

A negative answer to Stage }0 recycles the flow .- -

_back to Stage 2, and a-positive response sends one to
the EXIT of the decision-making progmm '

, Two . additional comme»({ regardmg

de;;rs:on-makmg ﬂowchart are in order.’ Fust, it
" “répresents a series of intellectual processes and you
must try it to understand it. :

»
.

Second the ﬁowchart only represents the
complex menta] process involved in human
* problem-solving. It is, hoped that it will be ‘most
valuable whert: it m,oonsldered in its present form,

.which is neither exceedmgly simple nor excessrvely -
: comphcated i )

- After Stage 9, the’ flow is-cycled back {6 Stige

'a
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A ;;' APPENDIX I ' -~
v LABORATORY SAFETY S . ,
If you ‘plan .to use - radioactive materlals in your' 10 There must_ be o p&ettmg mouth. A
' laboratory exercises, ,observe certain safety proprpetter orhypodemiic sym{;e should be . i
precautions to reduce the exposure to radiation used.

which your students may receive. .
i ' ' 11. All spill¢must be reported lmmedmtely, and .-

- The following rules are -taken from the decontamination proceduréinitiated under o
Pennsylvama Department of Education_publication, . immediate supemsion of th ructor. ‘ o
* Nuclear Science: A Htgh School Course. J . ) . .~ '
\ < ~ . 12.” All radioactive sources must be sealed before
LABORATGR% SAFETY PRECAUTIONS FOR . handlmg or.counting. ' . . )
-. WORKING WITH RADIOACTIVE MATERIALS. * | e
. \ " If rules srmllar to "this are maugurated and -

» A All possible precautron; jmust be takenm order . enforced; there should be complete safety- from

{to prevent inhalation, ingetion or skin contact.  contamination in the laboratory, barring human
‘With. radrolsotopes Therefore, the ‘follo "ng mles error.
wrll be'in effect: : .

' _ Contamination of the, equipment, the furniture
1. There will be no eating, dnnkmg or sn_rpkmg -and the laboratory itself must be avoided to prevent -

mthrs laboratory the contamination of other students and to prevent

’ N aising the background count in the laboratory—te—the'——
2 Keep your hands away from your mOuth, extent that it interferes with the proper functidning

nostnls and eyes. s . .of the sensitive Geiger-Muller counteis. :To acﬁleve
e +  this, the teacher must be familiar’with " :
- 3. All v&nk with unsealed sources must be ' mles of radioisotope safety techniqueg.
done in the fiberglass work trays. These

**_trays will'be lined with non-absorbent paper . All work with unsealed' radiois topes‘ e
, S to .retdin spills and facilitate done in nonporous trays -ofma [chéiificallylg Mert
"~ decontamination. | , : substdnce, such as fiberglass and heat- resistant plastlc
- o : » . The tray should be lined with nonabsorbent paper. .
4.- Laboratory coats must be worn at all times The paper on which material is spilled can then be . -
" "‘when working in this laboratory. rolled up ‘and properly disposed' of. Any materigl .

_ . spilled on another. surface:should be blotted;: the - -
‘5. Rubber gloves will be worn at all times when surface shoyld be scrubbed with detergent and water, .

.- _handling .unsealed ' solutions. These gloves -dried, monitored and rescrubbed if necessary to
) . must be thonitored, washed with detergent - remove: the contamjnation. The' scibbing and
.~ and water, remonitored, and rewashed if. " monitoring should be contihued until no-Y#ice of
.t contaminated before removal. ‘The hands activity remains. Of course, the activity of the
" will then be washed and monitored. - . isotopes used in & high school laboratory is s0 low ;
© . that decpntamlnation is simple ' oo
6. Signs mdlcatmg radioagtmty must be in T ,
prominent display during any experiment . Decontamination is conszdered complere when.
» with unsealed sources. A _ mdtoacnvtty from radioltsotope groups I and II is not
. : in excess.of one millirep per hour average as measured
T, ‘All contaminated matenals must be plamly' in a small volume of air above any two square inch
+- labeled. . - e area. - This corresponds to dapproximately one . .
y R " thousand counts per minute when a Geiger counter is .

"_8 +Radioactive waste w1ll be plnced in the placed as close as possible to the contaminated

plainly marked hot waste can. No other type ', fm . Note that in many high school experiments
* 7 of waste will be placed in- ‘this can, and no

the actual counting rate,will not greatly exceed that ~ °
" radioactive materlals will be drsposed of. which meets the AEC definftion of :
elsewhere _ . uncontaminated,”® IR . ’

b, The instructor will be consulted before any

: radioisotopes may be dlsposed ‘of, to insure SMiner et. al. .Teaching with Radioboropes USAEC.
=N proper dispo,ga],, ‘ o Wuhmgton,D C. 1959.

. *
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.~ authorities concerning this matter.

4

A clearly marked raglioactive waste
available for the deposition of all - contaminated
materials. A 20-gallon covered trash can is quite
suitable. The “container’ should not be emptied with

upcont ted trash, but should be subject to
spec dling. The papet can be safely incinerated, "
th ating the radioactivity, while the other’
matef can be buried. Another.method is to store

the can’and its contents for a year. At the end of this:
period, the activity will be reduced by normal,

radioactive ‘decay. Small animal carcasses
contaminated with radioactivity should be placed in

glass containers and buried. The containers will

prevent the carcasses from being dug up and scattered
by foraging animals.

. ]

Low-activity isotope solutions used in the high
school laboratory may be safely poured-down the

" drain. If the tap is allowed to run for five minutes

before pouring the 1sotope and 20 minutes after, the

.acivity will be so diluted as to be practically’

" undetectable- It would be well for each teacher to
contact his/her local: health or civil defense

)

e As a ' precaution to careless handlmg ﬁ 1'.
contaminated substances should be clearly marked‘., I

Any vaporizatlon or sample drying ofradnoactrve 4

matenal “should be done in a hood to prevent the
inhalation oﬂaﬁd?lsotopes.

chemistry course. p
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should be .

_ lined with cinder brick

L4

All laboratory glasaware used 'for radioactive '
" material should be rinsed, washed with detergent and

stored saf: ately from noncontammated glasswqre :

* Yhe ply of radlorsotopec should be stor dina
plainly fabeled, lacked metal container. A'metal chest
. proven to be
satisfactory for-this purpose. The cinder brick adts as
a ‘protective shielding and gives the box sufﬁclent'
werght to prevent its being moved.

w1th warning tape. P "

During the laboratory period, one student should -
be assigned as laboratory safety officer; whose duty,;f‘ﬂ'.'-'
would be the*constant monitoring of the laboratory -

for. gpills or.gmy other contamination. He/she should-
immediately -

the experiments.

At this point it should be reiterated that
radioisotopes, used “in cqajunction with the proper
safety precautions, are no“g\ore dangerous than the
corrosive acids used routin

uite - °

report any 'spills .and aid  in-

- decontamination ‘procedures, This will also, by the

~way, aid in teaching proper safety techniques. The °
instructions for the safety ofﬁoer will be found with *

in every high school -




3, Wluch of the fcmomng has be

L .. APPENDKX I

[N

Putl Multiple Choxoe ,

e 3 Whic of the follo, :
N of fos t‘uels to make.d" 'u y efﬁclent source of electncity"
a.‘ Coal Gaslﬂcatlon

b. Fusion . o

c. Magnetohydrodynamlcs « 4

d Thermal Conversion _ R

2 'ﬁxe breeder reactor depends on the conversion of

A X

a. Non-radloactlve, radloactwe

b.’ Radloactlve fertile
"%t Fertile, fissionabi®

d. Radioactlve ﬁssmnable

—,———zmatenal to——

ACHIEVEMENT ‘TEST & .°
A

‘a. IncreaSed efﬁcxencxesby use of hlgher steam pressures and tempera\ures '

b, Increased plant size. . = . v
c. Higher stacks ° R q'
d. All of the above RS .
4, What is the approxxmate genetu‘ally s1gmﬁcant average radmtlon dosage fro
m the U 8.7 . .

1)

f a.. 60}%,1- C : ' T o e
-b. 600 mrenifyear - S o SRR
" ¢. 60 mrem/year R C’ﬁ o -
d.. 6rem/year S SRR §

- ']Ihe most unportant radloactlve wastes in temts of méioactwity content are.;

a. Solid wastes from processing plants

b. ~Liquid wastes from processing plants e ’
c. Radioactivity release into the air >
. d "Radioactive wastes released into water‘ways ‘ .

6 WhIChls the greatest sxngle energy user in the home?

a. color T.V.

b. - Frost-free freezers o , .
. ¢ Heating and cooling system o A !

- d. . Water heaters o o

7. Whmh of the followxng fuels provided the greatest amount of electncal energy in 19747

, . r

a Gas = . ’ o

b. Coal . N (R * X " L ,.' '
‘c. o - T !

+.d. _Uranium

rad

Lf‘~ @

arecent dévelopment m fossil fuel electﬁcal senerat'ion? SR

! ,

= =~ '-.
RN
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I . . . R
’ .n. epts now being studies uses electncally conductxve gases from the combustnon S

———-—material.
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. 8 Dunng radloactlve decay, three principal types of radiation are. emxtted from an atom. ch of the -
g followmg is not one of these types? . .

& Gamma- and. x-rays

o BE*‘Beta particles ' . A T '
s ¢ Alphaparticles « . - i _— . v .
: ¢ d Deuterons ¢ & . R o . ! .

0, . ~
.

9. The single most unportant factor in mamtammg an ecologgcal balance is

mpetition.

b. - su essioh : T
c. predators . N ’ ,
d. lack of pollutlon ' ' .-

10. Wluch of the’ followmg isa factor whlch influences the blologxcal effects of radlatlon" - . >
. Rate at which dose was rel:elved o - ‘ v . : _
. - Part of the body irradiated _ : ' ——
Botha and b _ ) . S N :

Nelther anorb ' ‘ L . '

1 .
Nuclear galfts generally have a greater generatlng capacity than fossﬂ fueled plants -y s
« .b. Nuclear plants are less efficient ~ .,
*%.c. .- Nuclear plants discharge nearly all their waste heat into their coohng water .
All of the above _ S
v, . . . . . \' . .

: f-The excess heat*from the fissions. would cause a dccrease in the number of neutrons “available to be
-'--_captured by fissioning atoms, angsthe rate of fission would automatlcally slow down.
~The reactor would explode S . ’
. The ¢ore would melt from excess hea} :
d’ It is not possxble for the rafe of ﬁsmon to increase slgmﬁcantly in a water moderated powet reactor.

g

1)

l3 What is the basic dtfference between most types of electrical generatmg plants" . '_ e -'_- ’
a; ~ Amount of thermal pollution - ‘ ' : S
b. Cost of fuel supply ] _ .
c. Source of eénergy to produce steam " s . . v
d. Operating temperatures and pressures B ‘ : ‘ 1
.14.. The component of a-nuclear reactor that acts as a “neutron sponge”’ is the - I .
a. Moderator R N B . e . .
b. Fuelrods S . -~ . o R
©¢c. Core . A o _ . .
o d Contsolrods _ Coom : _ ' e
. 15. Which of the followmg isa problem assocnated withthe use of coal asa fuel for ‘ectrical generatlon?
Cooa Its geographlc dlstributlon o ,' e P _“
b Mining hazards ' . T SRR . '
. Shortage of railroad cars o 3 R4 -
Alloftheabove _ - L L ’ .
‘ ) . - , l ¥ 4 .-
' L 18 Y a




16. When one or more electrons is separated from an atom, the atom is said to be

<

. a Anxsotope ) ‘ ' : ' o ¥
b. lonized : ' : : '
"¢ Electrolized - : . : o
d. None of the above - . o ' » , {
--17. The “acute radiation iicknas syndrome”’ refers to '
a. Ardy sumptoms of hjological damage from radiation -
+ -b. Ay radiation.exposure causing death .
. c. An illness afflicting uranium miners -
~ " - d.  Effects of large sudden whole-body doses of radiation . N .
: 18. Why are the transuramum nuclides partlcularly dangerous? v
t" s
‘ a. They are aipha emxttersand are retamed in the body.
b. They have long half lives 7, T »
N c. They are mag;-made . \ s -
' d Al of the abqve ' P *
19. A ——of mdmactlve matenals wrll sustam nuclear————;———-—hy captunng neutrons.
a. Stable mass, decay ’ .
b. Critical mass, fission
*. ¢ Fragment, fission . ; .
\ ' & Critical mass, decay @
0. .. 20. The term “fast” in fast breeder reactors refers to . y
| a. The rate?ff fuel qlmsumptlon ' L B ' I s
' * b. The fate of elédtridal production oo : o N
c. Thg ﬁvpra veloclty of ‘the fission neutrons S
d. j bove # .
P 21. All the plant and ammal species that live and interact in a particular environment are called .

'y . ‘ .
- An ecosystem ‘ : '
b ‘A community o )

c. - Afood web o , S : S
d. A succession : S ' :

P

Part 2: True-False

‘"i'. The multrple barrier concept in reactOr systems is desrgned to gt(ard agalnst the escape of radioactive
*  substances into the eavironment. ~ : -

2.- The health effects of the oxrdes of sulfur are related to m]ury to the blood fomnng organs

\\;_\_\ 3. In the Umted States most of an mdmdual’s per caplta consumptron of electncrty is for mdustnal proceues
: . to maintain our standard of living. 7 : e

v 4 "Rapldly divssing cells dre especially radiosensitive. S v. : s f' o
. - * In the case of‘gth radiatjon and atradmonal air pollutants, mo#t of the dataon human effects was obtained
,, . by expenmenting wrth small doses \ A e . , ,
" e 19
: v |




8
‘6. Certam air pollutants may interact with each other to cause more serious blol;cal problemz than they
would cause alone. = - . Ll -! .

P

7. About half of all uramum is ﬁssronable uranium- 235

[ YN

8. 'I;hfe ‘roentgen equivalent man"’ is a measure of e,nergy deposited by radmtron and also its resulting blologrcal
eltect. e .

l-_q, /

9. The basic difference between the hght water reactors and the gas cooled reactor is the type of fuel used

. 10. Every power plant built should construct a coolmg water tower to end thermal pollution. - i
. ‘ [ 4
11, ‘It is predicted that by 1990 there will be no natural gas available for, use as fuel for electric utllltxes

.12, ‘It is possible for a coal-burning plant to release more radloactmty lnto the envuonment thara nuclear plant

e

l3. The main reason for the mcreasmg demand for ele’ncal productlon in _the. Umted °St.ates is-our growing

pulatlon. v '
R 14 Exposure limits for radiation are set using very conservatlve assumptrons because the effects of low Jevel .
- chronic exposure to radmtion are hard to measure. .
Part 1 SO Pat2
1 ¢ g d 5. 4 i T 8. T
2 c -9 a 16. .b 2 F 9. F
E 3. d 0. ¢ 74 3. T 0. F
& ¢ o 4 1. 2 4T w1
5. b 12 2% e b s F. . o1 T
6 c 13 c 20, ¢ - 6. T 13 F
7 b 14 d' 21 b 7 F ’ 4. . T
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