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ELECTRICAL PRODUCTION AND POLLUTJION CONTROL
Foreword

The development of our nation's industries has played a crucial role in providing
us increasingly high qualities of food, housing, transportation, and recreation.
Industrial development has also increased our air, water, sound, and solid waste
pollution problems, Citizen use of the products of the industrial age had led to
a growing environmental crisis and an increasing demand for diminishing energy
reserves. Intelligent cooperation between science, industry, government, and all
citizens will be required if man is ever to achieve and maintain a stable balance
with his enviromment and his energy needs.

In an attempt to encourage this cooperation, the Environmental Education Project
and its target teachers developed this module to introduce students to the many
facets of the electrical production industry. The module focuses on one plant--the
Lawrence Kansas Power and Light generating station.

In the production of electricity, this generating station creates air, heat, and
solid waste pollution. It also creates electricity, which is used to control
pollution, raise our standard of living, and provide jobs. The plant shows good
examples of the machinery used to produce electricity and methods for controlling
much of the resulting pollution.

This module focuses on five broad topics:

1) What is electricity? How is it made? How is it used?
2) Pollution control: problems and solutions.

3) Economics and the electrical industry.

4) Practical applications of electrical theory.

5) Energy shortages--causes and predictions.

These topics are developed with class and individual activities, films, papers,
and a trip to the Lawrence Kansas Power and Light penerating station, and the
University of Kansas engineering laboratories and nuclear reactor center.

The achievement of the stated goals is guided with behavioral objectives, teacher
suggestions, and questions to the students with each activity, film, and paper.

The achievement is measured with carefully written and evaluated tests based on the
behavioral objectives.

AN Y .
f{;74ﬁtuf Qfl ’é:ﬁyf
Robert E. King
Secondary Program Specialist

e cort e
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i'r. Calude Ritchie, Principal, Gage Elementary School
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ily sincere gratitude is extended to the program specialists for their tireless
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has extended the working days for these staff members. My personal thanks are
given to Bob King, Clenn Clarkson, and Thad Whiteaker for an outstanding job.

Assistance given by the following individuals in developing materials and/or
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Company - ll. L. Hudson, i{. D. Funston, V. E. Brovn, i{. L. Brunton, T. A. Kostanski,
L. R. Nicholson, and V. L. Perduc: University of Kansas - Art Breipohl, Claude
Summers, Russ i{essler, and Hobart Woody: :‘ansas State University - J. Kenneth
Shultis and M. D. Eckhoff: and the Gas Service Company - Jess Ewing.

The enclosed curriculum is the result of input from the project's paraprofessionals
(horma Hurd, i‘arlys Strobel, Prue Hendrix, Lynn 1/ilkerson, and Sue Beattie), and
many volunteers, science teachers, Commuaity Council members, parents, students,
and interested lay citizens.

ith the deepest appreciation, I acknowledge the vork of the secretarial team. The
constant revision, pressures, deadlines, and demands for quality work wrere handled
in a most outstanding manner by Dorothy Booher, Rita Dreiling, Sue Beattie, Joyce
Hartman, and Linda Hough. T. W. Mack is respousihle for the sl:etches.
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Donald French
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ELECTRICAL PRODUCTION AND POLLUTION CONTROL

ilodule Goals: The module seeks to reinforce and expand knowledge and values in
the following areas:

1) Vhat is electricity? How is it made? How is it used?
2) Pollution control: problems and solutions.

3) Economics and the electrical industry.

4) Nuclear energy: vhat is 1it?

5) Energy shortages: causes, predictions, and suggested actions.

USE OF TEACHING MATERIALS

The suggested time line (pages 2-3) for this module is provided to allow easier
planning.

The ‘Module Materials List" (page 4) indicates the supplies you need to obtain to
teach the module.

Film descriptions (page 4) describe suggested and optional films and filmstrips.

Pages 5 and 6 provide a brief summary of the development and use of the behavioral
objectives in this module. The behavioral objectives (pages 7-9) indicate the
concepts and abilities that most of your class should gain from studying this module.

The posttest (pages 10-17) for this module is included with the correct answers
circled. This allows you to see the types of questions keyed to the behavioral
objectives. Please do not teach the questions, but use the behavioral objectives.
Many objectives concern concepts which require interpretation and extrapolatiom.
Teaching the test questions requires only rote memorization. Student pre and
posttest results are reported using this form.

The rest of this manual contains the papers available in the student manual.
Pollowing each one of the student papers, you will find sheets of green paper.

These pages contain: 1) hehavioral objectives tied to the paper; 2) suggestions

for presenting the papers; and 3) answery to the student self-test questions.
Particular attention should be given to the film material before presenting the film.
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SUGGLSTED TIUE LINE FOR ii{ODULE ACTIVITIES

The time line below is written in the ideul sequence of events with the average
tice required for teaching each activity indicated in parentheses. The times, of
course, will vary from class to class. The day, or days, planned for each activity
may be noted in the blank spaces to the left of each paper to be used.

Day ' Before the Field Trip

Arrange the field trip date with the project steff, and obtain
the student pre-tests. Obtain approval fo:r the field trip dates
from the building principal (use Paper K-2). Invite him to visit
the field trip.

30 min. 1. Cive the pre-test. Return all tests and answer sheets as soon
as poscible to the project for scoring.

30 min. 2. liand out student books, read, and discuss the ‘'Introduction,"
Paper A.
Obtain an overhead projector for use with Transparencies 1-4
and Paper B.

55 min. 3. Read Paper B, "Energy and Today's Society." Use the trans-

parencies wvhile discussing the student self-test questions
as a class. If the class tires of working *.ith graph inter-
pretation, reserve questions 8-17 for discussion following
Paper E.

Organize a power pack, compass, insulated wire, copper
sulfate, and other materials as appropriate for teaching
students about properties of electricity.

—_55 min, 4. Read Paper C, "ilhat is Electricity." Do appropriate class
demonstrations and experiments. Do the self-test questions.
55 min. 5. If time and materials allow, students can enjoy and profit
(Optional) from experiments with electromagnets, electrcplating metals,
and 8o on. lMost physical science source books have a variety
of ideas.

Obtain and clean a metal can with a screw cap 1id, a pyrex
Florence flask, with a one-holed stopper and thermometer,
and a good heat source.

Cbtain an overhead proiector for use with T}anqparency T=5.

75 min. 6. Tead and discuss Paper D, "liaking Electricity.'" Demonstrate
the role of the condenser in promoting efficient use of steam,
and discuss the steam cycle followed at KPL using the
trangpareacy.

[Duplicate Page X-3. Send parental peimission slips home. |




i;odule: 7

49 min.

55 min.

55 min.

535 pin.

304 min

39 nin.

55 min.

10 min.

3 hours
25 min.

30 min.

30 min.

30 min.

8.

%

10.

11.

12.

13.
14.

15.

16.

17.

18.

Page 3

Read and discuss Paper E, 'l'aking Electricity Seven Vlays."
Finish discussion of Paper B, "Enerpy and Today's Society,”
+f time remains.

{ Obtain the 16 mm film projector. 1

View tha film, Environment, and promote a clags discussion
of the conflicts between man's needs, comfort requirements,
and environmental quality.

Pead and discuss Paper F, “Environmental Costs of Producing
Electricity."”

Pead and discuss Paper G, "Economics of the Kansas Power
and Light Company."

Obtain a record player and filmstrip projector. Obtain
the filmstrip record "The Energy Crisis" from the
Envirommental Education Office.

Show appropriate portions of the filmstrin-record combina-
tion “The Energy Crisis.”

Pead and discuss Paper H, "Energy in the Future."

Call the Envirommental Education Office (232-9374) to
confirm arrangements for the substitute, the times of
departure and number of students participating.

enind students to return parental permission slips and
inotify other teachers of the field trip.

Pead and discuss Paper I, 'Nuclear Reactors."

Give students the appropriate set of field trip rules and
regulations, as contained on Pape K-4. Prepare your lesson
plans fuor the substitute.

Field trip -~ 3 hours and 25 minutes. Give the substitute
her inetructions. DBring student permission slips on the
trip with you.

Read and discuss Paper J, 'Your Role in the Future.”

Neview the field trip and module objectives using the
behavioral objectives (pages 7~9).

Give the post-module test. Fill out the unit evaluation
forms, and return the tests and forms to the project
office. Test results should be returned in 10 school days.
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'iodule Materials List

The time line indicates when materials are needed for teaching the papers and
exercises in this module. One class of 3" students requires the quantities below.

Experimental and

Curriculum l{aterials Demonstration !{aterials Audio-Visual Requirements
1 Teacher's Guide Basic Basic
30 Student Booklets
30 Pre and Posttests 1 Dattery Overhead Projector
60 IDI! Answer Sheets 1 Compass 16 mm Film Projector
2-foot Wire Filmstrip Projector
1 Nail Record Player

Copper Sulfate
1 Powerpack

- Optional

Class sets of the above

1 metal can with a
screw 1lid

1 Florence Flask

1 one~hole Stopper

1 Thermometer

1 Burner

Audio-Visual Descriptions

The 16 mm film below may be obtained from the Topeka Public Schools' Audio-Visual
Department.

Environment ~ color, 28 min.

Following an effective introduction, the human race is placed on trial with a prose=~
cutor, defense attorney, and judge who consider the evidence provided by five common
citizens. Arguments for and against urban expansion, power generation, modern
farming practices, purchasing practices, and environmental attitudes are presented
in a stark and gripping .'ashion. The filn provides an excellent springboard for a
balanced class discussion of environmental problems.

The filmstrip-record combination described below can be obtained from Eisenhower
Junior High or from the Environmental Education office.

The Enerpy Crisis - 3 sets, 30 minutes each

Three sets of filmstrips present why we have an energy crisis, examine our current
problems, and look at futuristic solutions. Set 3 is the best of the three and
should be used first if you are pinched for time.
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A Word About Behavioral Objectives

The poals of this module are defined throuph the uae of behavioral objectives.
The behavioral objectives establish a predetermined goal toward which learning

is to be directed and by vhich attainment. may be mecsured. This unit is intended
to develop student changes in both the copnitive (lnowledge) and the aifective
(attitude) domains. The hehavioral objectives for this unit contain these basic
parts:

1) The concapt, or skill bheing evaluated.
2) The expected criterion (percent of students who should correctly respond).
3) The Bloom‘'s taxonomy level at which the concept will be tested.

All concepts will be evaluated using multiple choice questions with only one correct
answer.

The present trend in education is toward stricter educational acccuntability.
Behavioral objectives help define scme of the desired outcomes for wihich education
can be accountable.

Student learninz is not all et the same level. For example, direct recall of a

fact requires fewer mental manipulations than applying a concept to a new situatinn.
One system for indicating the level of difficulty of a desired response is through
the usc of Bloom's taxonory. The higher the Bloom's number assigned to an objective,
the hicher the level of desired competence with a particular concept. Following

are descriptions of Blcom's levels assigned to each objective.

Cognitive Objectives

Knowledge l.evel Intellectual Level (Copnitive)
1.11 I'nowledge of Terminology 2.10 Translation

1.12 Knowledge of Specific Facts 2.2 Interpretation

1.21 Knowledge of Conventjon 2.30 Extrapolation

1,22 Ynovledge of Trends and Seqguences 3.00 Appiicatcion

1.23 Kncwledre of Classifications and Catesories 4,10 Analysis of Elements

1.24 Knowledgse of Criteria ' 4.20 Analysis of Relationships

1.25 Knowledge of lMethodology

1.30 Knowledge of Universals and Abstractions in a field
1.31 Xnovledge of Principles and Generalizatjons

1.32 Knowledge of Theories and Structures

Affective Gbjectives

1.0 Receiving Level 3.0 Vealuing Level
1.1 Auvarenzss 3.1 Acceptance of Value
1.2 Willingness to Receive 3.2 Preference for a Value
1.2 Controlled or Selected Attention 3.3 Conmitment

2.9 Responding Level 4,0 Oxrganization Level
2.1 Acquiescence in Responding 4.1 Conceptualization of
2.2 Willingness to Respond a Value
2.3 Satisfaction in Response 4.2 Organization of a

Value Svstenm
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Affectiva Otjnctives
(Continued)

The following behavioral objectives are intended to rive teachers direction

during the teaching of this unit. The behavioral objectives define only key
concepts basic to the entire unit. They do not defire all the learning experiences
.that will occur. The objectives will be revised as more student data becomes

available, This data will provide the necessary information to calculate realistic
criterion levels.

Please teach with the objectives, not the test questions in mind. For the
knowledge level objectives, students are expected to know specific things. Nowever,
for the intellectual level ohjectives, students are expected to take knowledge,
apply it to an unfamiliar gituation, and determine the best answver. Teaching the

test question turns a level 2, 3, or 4 test question into a level 1, or knowledee
level question.
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1 Attitude questions are answeréd completely and 2.2 all
truthfully (as measured by 2 and b below).
a) 'iinety percent of all students will respond to
each opinion question.
bh) 1'lo more than 1N percent of the students will
use patterned responses to unit evaluation
questions.
2 60  Environmental Iducation Project “‘odules are worth 3.2a 777 all
studyine, *#*Posttest question only.
3 22 All schools should teach rmore ahout the ways the 3.2 1072 all
erviromment affects people an! people affect the
environnment,
4 KX TFor the food of our country, larre amounts of 3.3a 10% B,I',J
34 ener~y must alvays he availatle. 3.3a
5 1 Electrical usane rates coore .ate closely with the 1.22¢ 202 B
Gross '"'ational Products of modern societies.
6 11 Given seni-loe rraphs of enerry usage rates, 2.20¢ 207 B
translate the information into a verbal
description.
7 23 The average U.f. citizen uses muci: more enerey l.1a 207 B
than do most of the peonle in the world.
9 24 Students shall indicate that they feel ahle to 2.32 107 B,F,XK
internret rost charts and praphs.
0 12 rlectric currents are a stream of movine electrons. 1.30c¢ 25X C,D,T
1n 2 Tlectric currents flow in 2ircles, and nmay be 2,20¢ 5% C,D
initiated by moving magnetic €orces.
11 13 Given the amp: and volts of an appliance, students 3.00c 358 C

shall be able to determine its wattace and kilowatt

hour requirement.
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12 3 Match the portion of a power plant with the energy 1.31¢ 25% C,D,E
transformation it accomplishes.
13 14  Select the hest explanation for the inability to  1.3lc 10% Dn,I
convert all heat enerry in steam to mechanical
energy in the turbines.
14 4 Select the description of a process used in KPL to 1.12¢ 10% D

improve energy usa officiency.

15 15 Given these words ~ fire, sninnine maanet, coila of 1.25¢ 25% D,I
wire, steam, and turbine blades - indicate the
sequence followed hy enersy as electricity is made.

1¢F 5 ‘team is used to turn turbine klades in all nuclear 1.25¢ 27" F.
povered peneratine stations.

17 1¢  Fossil fuels will cease heing major sources of 1.30e 20% E,K
ehergy during the ~oming centuries.

12 ¢ The seduence of steps vhich reduce the ash and 1.25¢ 302 F

: sulfar dioxide emicted fror the IPL plant.

19 17 felact a oraph showint the relationshin hetireen 2.20¢ 207, T

costs of pollution control and the percentage of
nollutants controlled.

20 25 In a series of attitude auestions, students shall l.1a 17 7,1

26 1indicate that: 2.1a 17"
3A 2.1a 10%
37 a) Creatinm and installin~ effective pollution 3.1a 107

control equipment reauires *wuch time, noney,
and reaearch.

b) Pollution controls shoul? bhe used if pollution
sienificantly damages the environment.

c) Costs of controllins nollution should be part
of all product’s costs.

21 7 felect a sentence surmarizine the past and projected 1.2 20% G,M
future orowth rate of ¥VPL,

22 1" Celect the most realistic distribution of XPL's 1.12¢ 277
income for raw materials purchase, lahor costs,
and tayes.

(o]
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23 1 Select the best use for capital in busineés. l.11¢ 25% G,H
24 10 From a list of six select three restrictions placed 1.12¢ 20? G
on. ¥PL by Kansas.
25 0 Select the best summary of the reasons for 1.3% 2072 TR

expecting enerfy costs to rise for many years.

26 n Select the best summary of the differances between 1.12¢ 202 7,I
thermal and hreeder reactors.

27 1n Select the best sentence differentiating betireen 1.12¢ 302 I
radioactive decay and nuclear fission. '

23 21 Selact the best definition of “half-life.’ 1.12¢ 207 1

29 27 “lon-returnable and excessive packaging, purchases 3.la 10% J
28 based on style chances, and the use of poorly 3.1a 192
20 insulated homes all waste larfe amounts of energy. 3.la 1N%

i an Indicate a committment to asking others to conserve 3.1a 107 J
3l energy when flagrant abuse is observed. 3.3a 1nN?

31 38 Society should encourare all forms of production of 3.1la 1" J
39 energy from non-fossil fuel sources so lon® as the 3.la 107
40 by-products of the energy production do not damage 3.la 1%
the environment significantly.

32 32 - Given a list of five occupations, select jobs which 1l.1la 10% J
will have the hirhest potential for maling a sood
livin? ten to twenty years from now.
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CLASS PFRFIY ACE SIFTARY SHENT

The following papes indicate how your class(es) responded to the pre and post-module
tests. The followine code is used throuszhout the test.

A - Tercentace of students responding correctly on the pre-module test.

=

- Percenta~e of students respondinre~ correctly on the post-module test.
C -- Percent corowth expected between pire and post-module tests.

D - Phi score for the test item. This score shows the quality of the test
cuestions, Phi scores helow 25 indicate either a poor test item or a
topic that was not tausht well in the unit. Phi scores above 47 indicate
a very nood test item which was well taught.

The opinior questions have two scores listed for each test result. '+ scores
indicate the percentage of students arreeine~ vith the statement and ‘- scores
indicate those disapreeins, The students with no opinion male up the remaining

and unreporterd percentare.
The correct ansvers are circled.

1. The G'P of a country is a measure of the total worth of all the

A B thinrs produced by its people. !'ow much electricity does the
averape person use in co.atries with a hich G'P per person?
V25
n n (z) The average electrical ucare is hich in every country with a *
high average G'P’s, .
R, The averase electrical usapge is high in most, but not all,
countries vith hirch average GlP's,
C. The average electrical usace is hiesh in only a few countries
wvith hish averaece Gi'P's,
D. The average electrical usare is low in all countries with
hich averace G'P's.,
’ 2. Select the picture wvhich best shows hov KPL makes electricity.

2 )
SPINNINC
MAGHET
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3. Select the most accurate statement about fossil fueled pover

A B plauts.

A) Heat energy is creatad in the turbine and lost in the
25% generator.,
c D In the boiler, nearly all of coal’s chemical enerpy is

changed into heat cnerry in steanm.
Cc) In the turbine, chemical energy becores electrical energy.
D) Mechanical energy in stean is changed to chenical energy
before electricity is nade.

4. Yhich one of the proccsses listed below helps KPL get the

A B maximum electricity from ite fuel energy?
202
C D A) Hot gases are blown through the scrubber to rerove ash.

B)) Steam is super-heated in the boiler before rfoing to the
turbine.

¢) Limestone iz burned with coal in the boiler to remove
sulfur dioxide.

D) Medium pressure steam is re-pressurized ir small tutes.

5. Electricity is made in nuclear powered gencrating stations by:

A B
A) using nuclear radiation to force electricity out of coils
20% of wire.
C D (}5\ usin® oteam to turn turbines hooked to generators.
C) using fission to make thermal electricity inside the reactor.
D) using radioactive atoms to power condenser batteries.
€. Select the correct sequence of steps used tc remove most ash
A B and sulfur dioxide from KPL exhaust gases.
30% (A) 1,3,4,5 B) 6,2,4,5 c) 1,6,2,5 D) 2,3,4,5
C D
1. Limestone is burned with coal.
2. Limestone marbles are coated with water.
3. Exhaust gases move through a water bed of marbles.
4, Exhaust gases have water droplets removed.
5. Exhaust gases are heated and blown out the stack.
6. Air is blovm through agsh tunnels.
7. thich sentence is true?
A B
A) Electrical industries have been growing slowly but expect to
207 pgrov faster.
c D (EI) Electrical industries have bLeen growing rapidly and expect to

grow even faster during the next 20 years.

C) Electrical industries now produce 60 percent of the energy used
in the United States and expec: to increase to 80 percent.

D) Electrical industries have been groving very rapidly but
expect to grow much more slowly during the next 20 years.




Module: 7 BEST COPY AVAILABLE Page 12

3. A well-run business should use capital to:

A B
A) pay labor costs. C) pay taxes.,
(ﬁi} buy new equipment. D) buy fuels and raw material.
C D ‘“
250 9, Select the three bipgest reasons for power companies raising the
A B costs of electricity. _
A. 1,3,5 B.1,3,5 (€51,2,6 D. 13,4
207 .
c D 1. TFuels are becomming more expensive.
2. Controlling pollution r=zauirze la.~e amounts of roney.
3. juclear fuel costs nuch more than fossil fuel.
/., Borrowing money is costin~ uwuch otz noney.
5. Clectrical companies are cutting production to force the
price up.
10. Select the true gentence. N
A B .
(Ad) Fissioning atoms split into two new atoms and release
202 particles and energy.
C D B) Only radioactive atoms split to produce energy and particles.
C) Radioactive atoms produce only heat; fission produces light
and particles.
D) Pission occurs naturally in most atoms; very few kinds of
atoms are radioactive.
—_— 11. The graph below shows the amount of electricity used in Topeka
A B during the last 35 years. Select the best sentence.
20% A) Topeka has used 150( B
C D about the same ¢, :
amount of 9 »100C
electricity = Y gg
every year. g2
3) Topeka's use § o 60
of electricityl &
is increasing g g 40 ; ;
. slowly. o
@‘)j‘ Topeka's use "= ;l :
™" of electricity®n ‘s 20 -
has more than § é ////E
doubled every ™ & ? ;
10 years. s / i
D) From 1965 to 3 10 '
1970, Topeka &~ 1540 1950 1960 1970 1980
increased its S 4
use of elec-
tricity by the .
same amount as ) '
from 1950 to 1955,
X - 12, Electric currents are formed by:
A) moving copper wires.
207 neutrons moving in one direction.

B
C L (QA} electrons moving in one direction.
D) nuclear reactions in coiled wires.
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13. An electric blender requires a 110 volt current and uses 3 amps.
A B How many watts does it use, and how many kilowatt hours of energy
would be used in four hours of operation?

35%
c D A) watts = 36.7; kilowatt hours = 146.8
B) watts = 9.90; kilowatt hours = 39.6
C) watts = 3.0; kilowatt hours = 132
(ﬁ watts = 330; kilowatt hours = 1,32
14, Select the main reason that all the energy in steam cannot be
A B turned into mechanical energy in the turbines.
0% A) Only the weight of falling steam turns turbine blades, so
c. D , nost heat energy is not used.
ggf) Low pressure steam has very little 'pushing' ability, but
contains much energy.
C) Friction from steam heats the turbine blades to high
temperatures. )
D) ‘lluch steam energy is lost pushing against turbine walls
. and stean pipes.
15. Energy moves through several steps as electricity is made.
A B Vhich answer below has the steps arranged correctly?
202 A) 1,3,4,5,2 B) 1,3,5,2,4  (€)1,5,2,4,3 D) 1,5,2,3,4
C D
1. fire 4. moving magnet
2. spinning turbine blades 5. steam
3. coils of wire
16. Which kind of electrical power plant will lose its source of
A B energy within 400 years?
202
c D (ﬁl\ hydroelectric
8)) seothermal

C) fossil fuel
D) fast breeder
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17. thich graph belov best shows how the cost of controlling pollution

A D changes as larger and larger amounts of pollution are controlled?
207% high high
c D

o &

0 X) 3 B)

Q (3]

(3]

Lot low]

' LB ' [ ] [ [J [

257 50% 752  100% 25% S0% 5% 1907
Percent of Pollution Controlled Percent of Pollution Controlled

high high
g g
1 —— low__

U $ ' [ ' ' [ [}

25% 50% 75%  100% 257 507 7542 100%
Percent of Pollution Controlled Percent of Pollution Controlled

18. Uhich 1line below best shows how XPL spends its income?

A B

A) Fuel and Raw lMaterials 40% - Labor 202 - Taxes - 30%.
252 B) Fuel and PRaw llaterials 50% - Labor 30% - Taxes 10%.
C D C) Fuel and Raw Materials 50% - Labor 10% - Taxes 5%.

D)) Fuel and lRaw Materials 40% - Labor 10% - Taxes 20%.

19. From the list below, select the three ways that Kansas directly
A B controls KPL policies.
TN
_ 207, A) 1,2,5 (B)/1,3,5 c) 2,4,5 D) 1,5,6

c D o '

l. KPL electrical rates are controlled.

2. KPL vages are controlled,

3. KPL nust accept all paying customers in its service area.

4. KPL rate of growth is controlled.

5. KPL can only release certain amounts of pollution.

6. The kinds of fuels used by KPL are controlled.

20. Select the true statement about thermal and breeder reactors.

A 3

A) Thermal reactors make raiioactive atoms, breeder reactors do not
207 B) Thermal reactors use fission, breeder reactors do not.
c D C)) DBreeder reactors make more fuel than they use, thermal reactors

. .

do not.
D) Breeder reactors make electricity directly, thermal reactors

Q
: use steam.
ERIC
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21. Select the true sentence.

A B )
¢A)) Half life is the time needed for half of a group of radio-

207 ~ active atoms to change to new atoms.

C D B) Half life is the time needed for a radioactive atom to shrink

to half its size.
C) Half life is used to measure the speed of a company's growth.
D) Half life is the time needed for electrical generating equip-
ment to lose half of its value.

PART B

Your answers on the last part of this test will be used to determine what you think ‘
about some of the ideas discussed in the "Electrical Production and Pollution Control"
module.

Please use this code for questions 22-31.
A. Yes (or 1 apree)
B. I'm not sure

C. No (or I disagree)

22. All schools should teach more about the ways the environment A 3 C

+A- +B- affects people and people affect the environment.

23. The average U. S. citizen uses much more energy than do ABC
+A- +B- most of the people in the world.

L 24, I think I can understand most kinds of charts and graphs. ABC

+A- +B-

25. Companies cannot solve pollution problems without spending A B C
+A- +B- large amounts of time, money, and research effort.

26. Laws should require adequate pollution controls, but ABC
+A- +B~ should give companies several years to meet the requirements.

27. 1 avoid buying new clothing when old clothing still fits ABC
+A- <+B- _ and can be repaired.

28, I try to buy things in containers which can be returned. ABC
+A- +B-

29, 1 encourape my parents to make sure that our home is ARC
+A- +B- well insulated.

30. I do not enjoy riding with someone who wastes gasoline. ABC
+A- +B- .

31. 1 ask others who waste energy to use it more wisely. ABC
+A- +B-

32. thich of the jobs below do you think would provide some-
+A- +B- one the most money over the next 30 years?

A) Automobile mechanic
B) Traveling salesperson
C) Dental Assistant

D) ELlectrical lineperson
E) Leng~haul trucker
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Mark the direction society sihould tale on each of the statements below.
code to answer questions 33-40.

A. Soclety
B. Society
C. Society
D. Soclety
E. Society
33.

+A- +B-
34.

+A- +B-
35.

+A- +B-
36.

+A- +B-
37.

+A- +B-
38.

+A- 4B-
3.

+A- +B-
40.

+A- +B-

should rake strong steps toward the goal.
should move toward this goal, but slowuly.
should remain as it is.

should move slovly to oppose this aoal,
should take rapid steps to oppose this goal.

The United States should work very hard to make sure
that large supplies of enerry will be available at all

Pagz 16

Use this

AB

times, no matter how much envirommental damage is caused.

The United States should work very hard to make sure
that large supplies of energy are available at all
times if the environment is not damaged in a major way.

Private companies should be'able to produce things as
they wish without government interference.

Polluiion control devices should be required for all
industries and the things they produce whenever the
environment is damaged significantly.

Industries should be allowed to add pollution control
costs to the costs of their products.

fle must encourage safe but rapid growth in the use of
nuclear energy.

le must encourage safe but rapid growth in the use of
solar energy.

le must encourage safe but rapid growth in the use of
oil and natural gas.

AB

ADB

AB

AB

AD

AB

AB

CD

cCD

cCD

cD

cCD

cCD
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PART C

Your answers to questions 41-61 will help us determine what you think of the module
in general. Please use this key:

A = Yes (or I apree) B =1I'm not sure C = No (or I disagree)

41. I wnight enjoy engineering as a career. ABC
+B-

42. 1 think we had to go through this module too fast. ABC
+B- A

43. 1 think our class discussions were interesting and informative. ABC
+B-

44. 1 think our substitute teacher was adequately prepared to present A B C
+B~ the material. (ifark D if you had no- substitute.)

45, 1lly teacher helped answer most of my questions about ideas A3C
+B- presented in this module.

46. I think we used the self-test questions in a way that helped ne ABC
+B- learn and think.

47. 'e discussed the films in a way that helped each of us learn ABC
+B- and think.

43. 1 think my teacher enjoyed teaching this module. ABC
+B-

49. I think mcst other students enjoyed st.dying this module, ABC
+B- |

50. ilost f .be necessary papers and supplies were ready when we ABC
+B- needed tner,

51. I think that most of the questions asked by this test were fair. ABC
+B-

52. I think the papers in this module contain useful and interesting ABC
+B- information. :
____ 53. 1 think the papers in the module could be easily read. ABC
+B-

54. 1 think the ideas covered in this module fit together pretty well. A B C
+B-

55. The films used in the module were interesting and useful. ABC

© ¥B-

56. I enjoyed taking the trip, and I learned a lot. ABC
+B- _

57. The trip leaders did a good job helping me learn on the trip. ABC
+B-

56. I discussed some of the things in this module with my family ABC
+B-~ or friends.
59, I think the activities and exercises in this module were ABC
+B- interesting and useful.
—___ 60. Overall, I think this mndule was well worth the time we spent ABC
+B- studying it in class.

61. I would like to study other modules developed by the Envirommental A B C
+B- Education Project.
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BEST COPY AVAILABLE
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The Topeka Public and Parochial Schools
Unified School District MNo. 501
Environmental Lducation Demonstration Project

INTROD'ICTION

The Environmental Education Project was created by the Topeka School Systems to

help you learn about your enviromment. The project develops and tests materials
for classroom and field trip activities. This module is about electricity. You
vill study how electricity is made, and how its use affects your life.

The module is built around five main 1ideas:

1) What is electricity? How is it made? How is it used?
2) Pollution control: problems and solutions.

3) Economics and the electrical industry.

4) Electrical facts that everyone should know.

5) Energy shortages--causes and predictions.

Following your study of this module, your class will study the Kansas Power and

Light plant in Lawrence and the engineering laboratories and nuclear reactor in
the University of Kansas.

The Environmental Education Project will use test results to determine what you
learned from the module and what you think about different parts of it. You will
be given tests over the module before and after you study it. The tests will be
used to determine what changes should be made in the material. Whether or not the
teacher grades you using these test results is a decision to be made by your

teacher. Test questions will be drawn from student self-test questions with each
paper and the field trip.

All of your answers to the factual test questions will be reported to your teacher
for use in grading. The test will also contain a set of questions about your
opinions. Your answers to these questions will be used by the Environmental
Education staff to improve the material you are studying.
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A“‘."

Creen pages in the teacher's material usually will ccentain three sections:

1) “Topics and Concepts' - 1lists the ideas from the student papers and exercises
that vill be on the finai test. The numbers of the topics correspond with the
behavioral objectives listed in the front portion of this module.

2) ‘"Teacher Sugpestions” - provides backeround material and suggestions for pre~
sentirg the paper or exercise.

3) “Answers to Student Self-Test Questions' - provides answers and follow-up
material to help in a discussion and review of the self-test.

This introductory paper is concerned with the following three attitudes. They will
be nurtured t®roughout the next two weel:s as the students work with this module.

TOPICS A'™M COUJCEPTS TESTLD

1) Students should read each opinion question on the final test and try to respond
truthfully,

2) Upon corpletion of this module, students should indicate a desire to study
other modules developed by the Environmental Ec:cation Projernt.

3) Upon completion of this module, students should indicate a desire to study more
nateridal about man's relationship to his en~. onnment.

TEAC 22 SUGGESTIONS
Please brin? out three points during the introduction:

1) This module is about the electrical industry that plays a very large role in
everyone's 1ife. The module focuses on kansas Power & Lizht as one electricity
producing company. The module teaches the produaction processes used at the
plant, solid waste and air pollution control nmethods, and financing of the
company. The module also examines nation-wide energy usage patterns and
projections,

2) ‘The project is very interested in stucdent and teacher opinicr:, criticisms, and
complinents. /e get these corments during the field trip, fr«- teachers;
verbal and written corments, and from opinion questions on the student test.
Please encourage students to react to the naterial being presented. Pass their
reactions an¢ yours on to us.

3) You should wake it clear if scudents will be craded using the factual part of
the posttest. The tests are fair, and are strictly based on the behavioral
objectives included in this module. If the students understand each paper's
student gelf-test questions and the field trip material, they should do very
well on the posttest.
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ENERGY AND TODAY'S SOCIETY

Enerry is the ability to do work. Enerpy has been used whenever movement, change,
heat, light, force, or work has occurred.

Pover is the rate at vhich energy is used. Two men welshing the same, use the same
enercy to run 100 yards, but the man running €aster 1s using more power since
be uses energy at a faster rate.

tnergy is ueasured in Calories, '’att hours, BTU:s, and other units of measure. Each

of these enercy ueasures can be changed into rany other forms, but this module will
use only these three terms.

The averare. human needs to eat food containing 2,500,000 calories, or 10,000 BTU's,
or 3,000 Watt hours of enerpy each day. In other words, 1,000 calories contain the
sane enezgy as 4 BTU's or 1.2 Watt hours. e should note that 1,000 “small" calories
for the electrician equal 1 “largse™ Calorie for the dieter.

Two prefixes - "kilo’ and "mega" will alsc be used in this module. "Kilo" means
thousand and "mega™ means million. Thereforc, i kilowatt equals 1,700 watts, and one
negavatt equals 1,000,700 watts.

Human Use of Luergy %
One hiuman cannot do very much work by himsel€. Early nan , ﬁ
learned to use animal energy to pull plows, harvest crops, /E;"\5(a=47
and supply transpcrtation. Industrial man began to use AN 2

the energy of water, wood, and coal to & \Jié {\
heat homes and run machines which made R e
clothine, housing materials, and new E’ \
bugeies. Technological man harnessed the

power of electricity, petroleum, and

natural gas to carry messages, make

cars, raise food, and irake new types of

clothing. Less than ome percen’ of the work now done in America's
—  factories is done by human effort. CUngines, computers, electrodes,
and furnaces supply enerqy that man alone cuuld never produce.

Primitive man had to use all of his enercy jusc finding food, keeping varm, and
surviving.

The averare /werican nos has the energy of over Y00 human slaves worling to produce
food, warnmth, transportation, and equipment for hin. These “energy slaves' lave
given us better health and an easier life than our ancestors--even 52 years ago--
could have dreamed possible.

The chart .u the next page shows how man's use of energy has growvm as our life-style
Chansed .
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Life-Style Food leating Industry & Agriculture Transportation
Technological |- - :
lian (ilow) il (10) P J(63)
Industrial

ttan (1875 Ap) [l (7)

Acricultural
itan (0 RC)

H ©) g Q2) N )
’-ndv

Hunting iifan |-
(100,000 tc) |4 (3

Figure 1. Life-style and energy usage. MNunbers in parentheses
equal the mepacalories used each day to support the
averane citizen's life-style. (This chart was adapted
from a September, 1671, Scientific American article.)

ELECTRICAL EERGY

Of all the forms of energy used in America today, the use of electricity is growing
the most rapidly. Since the first electrical generating station was built in 1332,
electricity has grown to supply 25 percent of our energy needs, and is expected to
supply over 40 percent of our energy requirements within the next 20 years.

Clectricity offers several advantages over other energy sources used today:
A) iluch electricity is produced from coal, which is a more cormon fuel than

oil or gas.

Fipure 2. Available United
States Fossil Fuels.

B) If industries used coal for emersy, they would require much storaga room
and would need to unload coal cars continuously to replace the electrical
energy they now use.

C) . lanufacturing plants would need to be much bigzer and employ more people
if coal and oil powered their engines. Electrical engines are safer,
smaller, and easier to run.

n) ‘lore pollution from burning fuels in the city would occur, since it is much
harder to stop pollutian irom many small enginec than it is from one big

f o\ ] eal)
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Many chenicals, such as chlorine and sodimm hydroxide, are manufactured
using electricity. Industry uses enormous amounts of electrically manu-
factured chemicals, so electrical use has increased rapidly for this purpose.

E) Pollution control equipnent uses ruch electricity, and the need for pollution
control 1s increasing as our population and economy grows.

Thus electricity offers advantages over other enersy uses, and its use has increased
rapidly.

590
450
800 | . o s
350
300
250 :

200 [ o “

, " '
150 ‘fffggi//” gnere ’; Growth, . oo
19) et . _}__,19 "_'—_.—_1 ic I

1955 1960 1265 1970 1975 1980

Percent of Growthk Since 1355

Fioure 3. Percentage growth in population, energy, and electrical
usage. (Adapted from the lational LCnerey Policy: Directions
and Develupment, a manuscript published in July, 1973, by
John 1. llassilkas.)

One way of summarizing all of these uces of electricity into one picture, is to look
at the relationship between a country’s Gross 'lational Product (GNP) and its use of
electricity. The '"Gross National Product' (Gi'P) of a country is a measure of the
goods and services produced by its citizens. In general, a high GilP ueans that
many things are available for purchase at a price that pcople can afford. A low

GNP means that most of each family’s income ¢oes for survival, and little 1is left

to spend on the thinzs that make living confortable.

then a country's GP is divided by its population size, a measure of the average
person's wealth, or tuying nower, is obtained. If the average GlIP per person is
compared with the average use of electricity per person in a country, an interesting
cihart can be made.
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The chart uses a special log scale
that allows suall and large nuabers

to be shovn on the same piece of g 100 \ | i ; !
paper. n 60 Sweden usf_

o S 1tzﬂtland .
The chart's straight line indicates 40 - ’
that the amount of electricity used & USSS“ a/ﬁest Ger#any
in a country is very closely linked « 4 Jagan® 44 ael i
to the wealth of the country. Al- @ 3 29 T ‘
though only a few countries are :'i Irel nd/‘/
shown on the chart, nany have 80 & «iHunpnany
been examined, and all are close o g 10r‘-xgﬁf81aV1L" g
to the line. 8~ . /| °Gyeece

o 5l

o fexi
Similar straicht lines could be 08 4 ¢ e
drawn comparing the electrical o8
usace rates and disease or liter=- o a e Ir
acy rates of countries. Thus, o< ., \UAF ¥
countries with high electrical o= |
usafe rates usually have citizens 3 1
that are better educated, a

healthier, and more comfortable
than in countries with low
electrical usage rates.

1 2 4 6 10 20 40 60 100

1563 G.JP per person in 100's of 196

In short, electricity is a very United States Dollars.

convenient fornm of energy, it is
being used at a faster and faster
rate, and its availability is
closely associated with the health
and wealth of the people in coun~ °
tries throughout the world. Later
papers in this module will examine
how electricity is made, how it is
wvasted, and what the future of
energy production holds for
Americans.

Figure 4. Comparison of GIIP and electrical
usage per person for various
countries. (Adapted from The U. S.
Energy Problen, Inter Technology
Corp. PB-207518 (1972).

Student Self-Test Quest;ons

1) ilame one nonliving thing in your home that was not produced, preparad, or
transported using electricity.

2) llow would you chanse yovr life-style 1f you had to reduce your energy usage
by 50 percent? Remember that anything you buy uses energy to produce and
to transport to you.

3) t“hich two areas of Technological fian's life-style consume much more energy
than the Industrial Man's life-style? 'Vhy do we require so much more encrgy?

4) Why will the use of electricity continue to grow rapidly in the United States?

5) Do all countries with high average G.1P's also have high rates of electrical
usage? 'hy?
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6) Do any. countries with low average GNP's have high rates of electrical usage?
Why?
7) Uhat are the main advantages and disadvantages of using log scales instead
of linear scales for graphing?
Look at the chart below, and indicate whether the statements in questions
8, 9, and 10 are true or false.
Figure 5. U. 8. and World Pauw Energy consumption in 1970, (Adapted
from two charts in Fnergy and Power, a Scientific American
Book.)
Energy Contained
in Fuels Still Fuel Mow Used For Making
Fuels Used For Energy in the Ground Electricity
Ylorld USA World USA USA
Coal 537 227 YA 0% 55%
011 417 407, 77 10% 167
Cas 17 372 5% 107 %
8) ituch of the energy used in the United States comes from gas, but the rest of
the world pecs most of its energy from coal. True False
9) The most abundant fuels make up most of the fuel used for emergy in the
United States. True False
10) Most of the fue) for electrical production comes from coal, but most of the

y Consumption

fuel for other energy uses in the United States comes from oil or pas.

True Talse

249
[
[+)]

oy Canad

6o anada

4 O
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5 g o kpceania
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> Communist Asia
[V} /
Fu T v Africa
-

~ — 81:
t

T 2n

10

32

Percentages of the tlorld's Population in Each Country

Fipure 6. Per person daily enerzy use in megacalories comparcd
with the world’s population.
Technolopy, by ilottel and Howard, !IIT Press.)

(Adapted from ilew Energy
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Examine Figure 6 and decide whether the statements in questions 11 and 12 are true.

11) Half of che people in the world use less erergy in a year than Americans
do in a month. True False

12) The average person in the United States uses more than twice as nuch energy
as the average Nussian, three times as much energy as the average West
European, and four times as much energy as the average Japanese citizen.

True False

Examine Ficure 7 and decide if questions 13 and 14 are correct.

13) liost uses of energy are becoming more 50
efficient, but over 50 percent of the
energy released from fuels i3 still
being wasted by man.,

True False

K-
o

[¥3 )
Q

14) For each DIU of energy used, more is
wasted doing vork (running cars or
electric motors) than in heating
homes, True False

[ o ]
o

—
o

Fnerpgy Use Efficiency.

Examine transparency number 4, which 0

containa four charts. DNetermine whether 18306 1850 1950 1250 2000
or not the statements below are true.

Figure 7. Efficiency of Lnergy

15) In the last 109 years, America has Usage Since 1599,
started using over three times as - (Adapted fron Enerpy
nuch energy on machines which and Pover, a Scientific
do ten times as much work with the American Dook)

energy they use. Therefore, compared

with our ancestors, we are getting 30 times more worl done without
human effort. True False

16) According to enerpy usage rates, most of the people in the world are still
in the "Agricultural Man' life-style. True False

17) How can total energy growth (which i.:cludes electricity) increase slowly
while electrical growth increases rapidly?
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Rehavioral
Otjective
Humbers Topics and Concepts
4 Students shall indicate that it is extremely important to all
Americans that rich supplies of energy be available for our use
now and for many decades to come. '
5 Students shall indicate that electrical usage rates correlate
strongly with the Gross i'ational Products of modern societies.
6 Students shall be able to select a correct interpretation of
a semi-log graph dealing with energy usage rate increases.
7 Students shall indicate that the average United States citizen
uses nuch more energy than do rost of the people in the world.
8 Gtudents shall indicate that they feel comfortable reading and

interpreting most graphs and charts.

Teacher Sugrestions

l'o single factor will determine the life-styles of your students more tham the
availability of energy. The quantities, kinds, and costs (both economic and
environnental) of obtaining energy will change dramatically over the next 50

years. This is one statement with which all environmentalists, technolopists,
politicians, and businessmen will agree.

Throushout the previous 21" centuries of human life in Horth America, we existed
~on the renewable energy resources of wood, animal labor, plant, and animal food.
Suddenly, in the last century, our numbers have nushroomed and our per capita use
of enerry has grown by three-fold. Ve are now tapping the non-renewable resources
of the fossil and atomic fuels at an ever~increaging rate. Later papers will look

toward our future, but for now, keep the students' attention focused on the past
and present,

You are probably the last teecher that will try to teach the majority of your
students to interpret granhs and charts. l'ost energy data, whether in the ‘‘Vall
Street Journal,” “Tine ilagazine,” or the evening TV news, is presented in graph
form. Host long-term and predictive work is displayed in lop-log or semi-lop form.
Yet, students do not understand logarithms until after they have completed formal
instruction in grap! interpretation. Therefore, this module contains a wealch of
charts in a variety of forms, including logarithmic form. Please use the transparen-
cies, papers suggested for duplication, and suggestions included with the students
self-test ansvers to increase student graph interpretation skills. Few sli:ills are
more necegsary for understanding the trends which concern environmentalists,
econonists, energy produccrs, and businessmen.
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‘lote: Some students nay wonder how the calculation indicating that 'the average

American now has the energy of over 209 hman slaves working to produce for hin"
vas derived. The calculation was based on tais data:

1970 U.S. Energy Consumption was the equivalent of 1.9 x 1012 1110vatt hours,
1970 U.S. Population was about 20) million.

One human can produce atout 40 watts of power on a sustained basis. The slave
worled 10 hours a day, 5 days a weel.

1.2 x 1012 ky-hrs x 1000 watts/iilcvatt
2,0 x 10V Anericans x 260 days/year x 10 hours/day x 40 watts/slave =

" 15
17.9 x 1277 slave years
200 x 1015'Anericzn = 910 slave years/American

If you chose to work the slave 355 days per year and 24 hours per day, each American
only uses the energy of 280 slave years every year.

Student Self-Test Questions

The student self-test questions are desisned to prorote discussion, emphasize the
objectives of the paper, and prepare for material covered in later papers. thether
or not students write their responses to the question is not as important as a
healthy class discussion of the questions.

Q 1) :lame one nonliving thing in your home that was not produced, prepared, or
transported using electricity.

A liost things use electricity if they have been cut, polished, refrigerated,
painted, dried, produced from man-developed chemicals, or made with nass
production methods. Few students will, therefore, be able to name one
nonliving thing which does not owe at least part of its existance to
electricity.

You siould follow this discussion by poirting out that the first cormercial
electrical generating station was built less than 100 years a%o in 1332, and
electrical usage rates have been growine at ever faster rates since that date.

0 2) l'low would you chanfe your life-style if you had to reduce your energy usage
by 5J percent? Renember that anything you buy uses energy to produce and to
transport to you.

A Transparency 1 in Appendix 1 may be used as a transparency, or duplicated for
individual student use. Point out to the students that a reduction in our
energy usage by 50 percent wvould still have the U. S. using more energy per
person than 93 percent of the world's people.

The circle sraphs should make it clear that a 59 percent energy usape reduction
rwwould affect all segments of our lives. Students should realize that cutting
industrial usane will result in fewer job opportunities for themselves, as

well as fewer options for their purchase. IDnergy cuts would strike particu-
larly hard at such high-energy consuners as the plastics and aluminunm
industries, which play a key role in many of the things we now purchase.




aodule: 7 . Teacher
Paper b
Pape 9

Use 31 washable marking pencil to cehade in the areas students would cut on the
transparency. eep forcing cuts until 9 percent of the center circle has

been shaded. As you shade try to make it clear how the cut would affect the
student.

Q 3) vhich two areas of Technological ifan's life-style consume much more energy
than Industrial 'fan's life~style? Vhy do we require so much more energy? .

A Transportetion, with a 450 percent increase and induscry and acriculture, with
a 300 percent increase are the sectors with the nost rapid increase in energy
usage. This energy has been used in twvo major ways: (1) it has allowed
tremencdous freedom of movement--we can now drive 10 miles a day and have no
second thoughts. 1In 1375, a ten-mile trip was something to plan carefully
and do infrequently. (2) Ye can buy cars, refrigerators, televisions,
aluminum windows, ranch-style homes, 10-speed bicycles, aluminum cans, and
electric can openers vhich all require larce amounts of cnerzy to make. A
nev car, for instance, requires more energy to produce than it will burn for
the first 15,000 miles of its life. Producing a six-pack of aluminun Leer
cans consumes enouh energy to heat the water in a bath tub to a comfortable
temperature for bathing.

In short, we require rore energy (1) because our increasing populations are
usinm much more energy to move naterials and people, and (2) because we
anjoy the convenience and comforts the energy usace provides.

Q 4) Vhy will the use of electricity coantinue to grow rapidly in the United Ctates?

A (1) Coal and nuclear energy (which will become our primary fuels) can be used
to create a clean energy for use in cities.

(2) Pollution from coal and nuclear reactors can be contained in large units
better than in many snall units.

(3) TClectricity is extremely important in pollution control, recycling
materials, and producing synthetic materials. A growing population has
been using ever-larger amounts of energy for these ends.

(4) Electricity is extremely important in running compact, efficient, quiet,
and responsive factory machines.

Q 5) Do all countries with high average Gi'P's also have high rates of electrical
usage? lhy?

A Ulse Transparency 2 and/or duplicate class sets of the transparency for this
discussion.

The answer is yes--all countries with high averane GilP's have high electrical
usace r-..es. In the United States, we are allowed an income tax deduction of
£750 per person. Ask students to find any country using laess than 607 kilo-
vatt hours of electrical energy and havin~ an average GP above $750 per person.

For the why part of the question--refer bacl: to question 4--why is the
electrical usage growing so quickly in the USA?
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Q 6) Yo any countries with low GUP's have highk rates of electrical usage? Uhy?

A lo. If they had the tecknology to produce and use high levels of electricity,
they would Lave high GiP's.

Q 7) What are the main advantages and disadvantages of using log scales instead of
linear scales for graphing?

A Use transparency 2 to explain the difference between log~log and standard

rraphs. Asl students to compare the two graphs on transparency 2 and nctu
the differences. These should be noted.

(1) Log graphs have unequal distances between lines.

(2) Log graphs go from 1 to 10, then add a zero and go from 10 to 109 in the
same distance. Asl: students what the next line would be above this
graph (200).

(3) Log scales allow you to accurately plot small and large nurbers on the
same graph,

(4) Linear graphs show the relationsiiip between numbers in rore realistic
ternms. For instance, USA, Sweden, and Switzerland all look pretty
similar on the log-log graph, but the linear graph makes it clear that

wide distances separate the G:'’'s and energy usage rates of these
countries. '

Use transparency 3 to further illustrate the use of semi-log graphs. Ask
students to note the differences betweer. these graphs.

(1) The semi-log graph takes a rapidly climbing line and "straightens”
it out. .

(2) The straight line can be used to predic: future growth needs, the rapidly
clinbing curve cannot.

(3) The same advantages and disadvantages noted with transparency 2 should
be re-noted.

Point out tiiat lopm scales are used to show things that are growing at steady
percantagces which double and re--double periodically. A linear ¢raph cannot

accurately show both small numbers and very large numbers on the same piece
of paper.

If you wish to try to explain how logarithmic scales are created, the chart.
on the following page may help.
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:lumber Logarithma
0 1 0.0
1=10° = 9.00
20107 o.m
3=1004%  0.43 i e
t=10"%% 060 Lo
5 =10%7%  0.70 H 0. 70
7+ 0.85
6=10"% 0.8 10 L 3700
7=100%. .85
8=109% .00 20 1 1.31
9210%%. 0.6 1148
10 = 1010 - 1.00
an = 10t3a 1y
30 = 1040 1.4 100 1 2.00

100 = 102:09%. 2.00
1000 = 103-00, 3.00

Hote that the graphing distances on the scale represent the logarithms of the
numbers shown on the graph.

Look at Figure 5, and answer questions 8, ¢, and 1%.

Q 8) Much of the energy used in the United States comes from gas, but the rest of
the world gets most of its energy from coal. True False

A True--much of our enersy (37 percent) does come from gas, while coal supplies
56 percent of the enerry to the rest of the vorld.

(Per person, U.S. citizens use 104,000 cubic feet of gas each year. The rest
of the world averages less than 3.5 cf of gas yearly.)

Q0 9) The most abundant fusls make up most of the fuel used for enerpy in the
United States. True False

A False--coal is by far our most abundant fossil fuel.
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0 10) ilost of the fuel for electrical production comes from coal, but most of the
fuel for other energy uses in the United States comes from oil or gas.
True Falce

A frue--electrical generaticn fuel patterns do fit the available fuel supplies
better than does the total United States fuel use.

Yse Figure 6 to answer questions 1l.and 12.

Q 11) Falf of the people in the world use less energy in a year than Americans do
in a month. ‘ True Talse

A True. Communist Asia, Africa, and other Asia account for 52 percent of the
world's population, but use less than 1/12 the energy per person that
Americans use.

Q 12) The average person in the United States uses more than twice as much energy
as the average lussian, three times as much energy as the average lest
Curopean, and four times as nuch ererfy as the average Japanese citizen.

True False

A True

Lxamine Figure 7 and decide if questions 13 and 14 are correct.

Q 13) ‘lost users of energy are becoming more efficient, but over 50 percent of the
energy released from fuels is still being wasted by man.
True False

A Teue--~students should perceive that man has become much more efficient with
energy usage but that scientists feel that ve are reaching the limits of
improving our efficiency. g

Q0 14) For each BTU of energy used, rore is wasted doing work (running cars or
electric motors) than in heating homes. True False

A True--but ask studants how most of the energy is wasted in doing vorl:, They
should realize that most of tle energy is lost as heat. Therefore, recovery
of waste heat from work increases over-all efficiency. Thus, nany factories
use the waste heat of engines to heat the plant during the winter.

Use transparency 4, which contains four charts, to help students ansver questions
15, 16, and 17.

Q 15) 1In the last 100 years, America has started using over three times as much
enerpy on machines which do 10 tines as much work with the enzrgy they use.
Therefore, compared with our ancestors, ve are getting 30 times rore work
done without human effort. True False

A Figure 1 on transparency 4 indicates that, over-all, Americar.s have trebled
their use of enerpy (and increase! the transportation and industry gections
by fourfold).

Figure 4 indicates that work efficiency has grown from 2 percent to over 20
percent. Thus, the ansver (true) indicates that we are cettings about 30
times as much don. for us as our ancestors did just 100 years aro.
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Q 16) According to energy usage rates, most of the people of the world are still
in the ‘Amricultural Man'’ life-style. True TFalse
A True and false. Figure 3 indicates that the majority of the world's people

use around 20 megacalories of energy daily. Figure 1 indicates that
Agricultural lian used energy at about the same level. These two araphs
would place most of the world's p=ople in the Agricultural iian life-style.

However, the technology of America and other countries has shared efficient
nachines, electrical generators, and so on with all countries, so that they
too are getting 10 times more work out of many of their machines. This has
changed their life-style without increasing the total emerpy input. There-
fore, the majority of the world's population would need to be classified
somewhere between Agricultural and Industrial llan, with some parts of all
life-styles throwm in.

Q 17) TIow can total energy srowth (which includes electricity) increase slowly
while electrical growth increases rapidly?

A In 1955, electricity supplied only a small part of the total energy used in
the United States. Therefore, its growth could double and redouble without
driving the total energy usage up at a rapid rate. !foreover, much of the
use of electricity is in replzscing other energy forms, and this usage will
increase as oil and natural gas become harder to supply and more expensive.

The important thing to emphasize is tiat graphs such as this based on
percentage growth can distort relative size of growth. An analogy could
help here: if a town had 100 families, and 99 families produced one child,
vhile nne family produced 7 children, the town's porulation would srow by

52 percent. However, the ore fanily's population would grov by 359 percent.
This is pretty much the picture shown by electricity, which grew 352 percent
vhile total energy usage, grew about 57 percent between 1955 and 1974. Thus
one family's (electricity's) rapid growth did not significantly change the
over-all picture in the short tern. Of course, in the long haul, if each

of those seven children had seven more, they would quickly affect the town's
grovth rate. In the same manner, if electrical demand continues to grow
exponentially, its growth rate will dramatically affect the over-all energy
picture.
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WHAT IS5 ELECTRICITY?

All things are made of very small particles, called atoms. Atoms are so small that
just one gram of copper contains 10,000,000,000,009,000,000,000 (ten billion,
trillion) atoms. RFach atom has a nucleus surrounded < \-

e

by rapidly moving electrons. Each electron has a é

negative charre, and the aton's nucleus carries 1'106193’3
positive charges. The number of negative charres T4k
around each atom usually equal the positive charges

in its nucleus. N > &

Electrons are in continuous motion. Sore materials (iron, copper, aluminum, etc.)

aliow their electrons to move easily from atom to atom. then more eclectrons in

a vire are moving one direction than are coing the opposite way, an electric current

is creatéed. Other materials, such as rubler, plass, plastics, and oxypen do not
allow easy electron movement. ‘e

P P P R - - - use tiuese materials to resist or
e “e” o7 Je” Te” Yo FeT e - insulate against the easy movement

@ ) @ @ @ of electrons.

To move anything, whether it is a truck or an electron, requires energy. Once
things are movinz, they carry energy, as can be seen in a truck collision. Thus,

it takes enerfy to start a stream of electrons noviag one direction, and the moving
electrons carry enerpy.

Electrons cannot all move in one direction for long. When an electron leaves the
atom, tihe attraction between the nucleus and the remaining electrons becores greater.
This electrostatic attraction vwill stop furtler electrons from leaving the atom,

and vill attract other electrons back to the atom. \{‘ ﬂ
vt/

!
g3 Hall-

+HOHT M N M 4 4+ M /'/
. —rl-'/

Therefore, electric currents must always move in circles if they are to rove at all.

—_ In this marner., the electrons are in iotion, but each
=& G atom receives new electrons as fast as they lose old
/@ @\ ones.
d e

Egch eleztron nmckes a nagnaetic field around it a3z it soves.

This can be seen by placing a wire over a compass ncedle and connecting the wire
to a flashlipght battery. The meving electrons in the wire cause a magnetic field
which forces the compass needle to change directions.
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In the same way, a moving magnet can cause electrons to move. If a magnet turns

inside a coil of wire, electrons will move through the wire under the force of the
magnet.

Wire Coil
This relationship between magnetic ~ilacnet
force and moving electrons is used Yy
to crea.2 electricity, run motors, . - -
make magnets, and 80 on. Vs

Hoving electrons may carry so much energy that they can release part of their energy
into new forms of energy such as light, heat, or radio waves.

The energy carried by electrons may also be used to change materials chemically.
Chlorine, aluminun, hydrofen, and many other materials are prepared by energy
carried by electricity.

Five terms describe the energy carried in electricity. To understand these terms,
it 1s hest to view electricity as water in a pipe. The faster the water moves, the
greater the energy contained in each drop. The more drops that are carried, the
pgreater the tctal energy of the vater.

Volts are like the pre.sure pushing the water. If the vcltage is great, then the
pressure pushing each drop is great. Thus, each electron in a 220 volt line 1is
under more pressure than electrons in a 110 volt line.

Amps indicate the amount »f electrons (water) moving down the pipe. If the volrage
is constant, rany amps (a large pipe) would produce more energy than a few amps.

Watts are produced vhen anps are pushed by volts. One amp pushed by one volt =
1 watt. The formila vhich connects these three terms is this:

Amps X Volts = ‘latts

A watt-hou> is produced when one amp is pushed by one volt for one hour. A watt-hour
is the unit of eneroy used with electricity.

Resistance indicates the pressure needed to push electrons from atom to atom.
Something with high resistance will allow only a few amps to bte pushed by many volts
of pressure. An important fact to remenber is that the earth can accept large
numbers of electrons and offers little resistance tc their flow. Touchin~ a 110
volt line when You are standing in a bath tub will send electricity through you,

the tub, the pipes hooked to the tub, and into the ground very rapidly. ilany anps

 will rapgidly move throupgh you to the ground under the pressure of 110 volts. If
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you were wearing resistant gloves and shoes and were standing on a wood floor, only
a fraction of an amp could move through you to the fround. You would be shocked,
but alive because the materials between you and the eround resisted the flow of
electrons.

In surmary, electricity is the kind of energy carried by moving electrons. Some
naterials allow electricity to flow easily, some resist it. “oving electrons create
a magnetic field, vhich can influence othe: nmagnets, produce light, or change
chemicals. Finally, the rate of flou (arps) of electric current multiplied by the
pressure of the line (volts) equals the power of the electricity (watts).

Student Self-Test (uestions
1) Uhat is an electrical current, and how is it created?
2) Why nust electricity flow in a circle if man is to make continuors use of it?
3) Cnerpy is the ability to ma:e changes. It can be demonstrated by movement,
light, etc. ilame four forms of energy which can help make, or be made by

electricity.

4) 1If a GO watt bulb is used for five hours, how many watt-hours of energy are
consumed?

5) 1If an electric motor operates on 110 volts of electricity and requires 10
amperes to operate it, what is its wattage requirement?

If the motor is used eight hours per week, how much enerpy (kilowatt~hours)
does it use in a YEAR?

6) Instant-on model televisions arc constantly using electricity to keep the
set warm. ilany models rise about 25 watts of power to do this. How many
watt<hourg will the set use in a year? If one man (an
'energy slave'') can only produce 40 watts of power per hour, how many

man-hours of work a day would be needed just to leep this television
wvarned up?

7) An electric clothes dryer uses about 5,07 watts of power vhen its heating
coils are on, and 1,000 watts when just the motor is running. Tow many
ilowatt~hours of energy is required to dry six loads during the week if
it takes one-half hour to dry each load and the heating coils work 10 minutes
of each half hour? What is the weelly cost to oparate
the dryer if it costs three cents for each kvh of enerpgy?

C) A frost-free refrigerator uses atout 1,217 kwh of electricity in a year, but
a standard model uses only 723 kwh. Iow much extra enersy does the frost-
free refrigerator use each year?

At a cost of three cents per lwh, vhat does each type of refrirerator cost
to operate for a year?

Mow many extra hours of the enargy slave’s tine would be required to keep

the refrigerator frost-free, if each slave can only worl at a 40 watts per
hour pace?




Module: 7 | Teacher

Paper C
Page 4
Behavioral
Nbiective
Tumber Topics and Concepts
9 Students shall indicate that an electric current is caused by
moving electrons.

10 Students shall indicate that electrical currents must flow in a
circle, and that this flow may cause, or be caused by, magnetic
forces.

11 Students shall be able to determine the wattage and kilowatt-hours
of energy used by an appliance.

12 Students gshall indicate that energy is changed from one form to

another vhen electricity is made and used.

Teacher Supggestions

The main thrust of this module is to teach about energy, its conversions, and use
in society. ilo experiments involving electricity have been prepared for student
participation since few classrooms have the required equipment. The material below

nay sugpest some nossibilities if you wish to pursue them as demonstrations or class
experiments.

To show the magnetic properties of moving electrons, use the current in a wire
running between the (+) and (-) poles of a flachlight battery to deflect a compass
needle, If the current is run through the wire in the same direction above and then
below the needle, deflection will occur in opposite directions. This occurs because
the magnetic field around the wire is circular, and the force above the wire pushes
in an opposite direction to the force below. N

&;2] Magnetic lines of force

around a wire.

An electro marnet may be made by wrapping coils of insulated wire around an iron
nail and running a direct current through the wire.

To demonstrate the use of electrical energy to affect chemicals, plate copper onto
a niclel by suspending two nicliels in a copper sulfate solution, and hooking each
pole of a weli charged 6 volt battery to each nickel. ilote which niclkel is being
plated with copper. Reverse the poles and run the current again.

The series of problems in the studenc self-test section are designed to introduce

students to the sl:ills needed to determine electrical usage in the home, and to

re-enphasize the amount of .energy used. to pi: vide the conveniences of modern life.
- Answers -~ Student Self-Test Questions

Q 1) Vhat is an electrical current and how is it created?

A An electrical current is a stream of moving electrons. It may be created by
noving a magnet by a wire connected in a circle. (Students may also indicate
that it may be created by moving electrons from one chemical, through a wire,
and to another chemical, as occurs in batteries.)
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(They may also indicate that an elect»ical current may be created by removing
electrons from one substance to a more attractive substance, then allowing
the electrons to flow back. This is the basic method used to power static
electricity, lightning and Van de Graaf gcnerators.)

Thy must electricity flow in a circle 1if man is to make continuous use of ft?

Atoms will not continue to release their electrons unless another electron can
be returned within a split second. Thus, the electric current will not move
for long unless the electron flow is circular.

Energy is the ability to make changes. Its presence can be demonstrated by
movement, light, etc. Name four forms of energy which can help make, or be
made by electricity.

Heat energy, Lipght energy, liovement (mechanical) energy, Magnetic energy, and
Chemical energy are all related to electrical enecrgy.

If a 60 watt bulb is used for five hours, how many watt-hours of energy are
consumed? 300 watt-hours.

Fowr many kilowatt~hours is this equal to? 0.3 kilowatt-hours.

If an electric motor operates on 11C volts of electricity and requires 10
amperes to operate it, vhat is its wattafe requirement? 1100 watts.

If the motor is used eight hours per week, how much energy (kilowatt-hours)
does it use in a YEAR? 457.6 l"ilowatt-hours.

Instant-on model televisions are constantly using electricity to keep the set
warm. llany models use about 25 watts of power to do this. How many watt-hcurs
will the set use in a year? 219,(0) watt-hours: If one man (an "energy

slave’) can only produce 40 watts of pover per hour, how many man-hours of

work a day would be needed just to keep this television warmed up?

15 hours a day.

An electric clothes dryer uses about 5,000 watts of power when its heating
coils are on, and 1,000 watts when just the motor is running. low many
kilowatt-hours of energy are required to dry six loads during the weel: if it
takes one-half hour to dry each locd and the heating coils worl 10 minutes of
each half hour? 7 _kilowatts. 'hat is the weekly cost to operate the dryer
if it costs three cents for each !'uli of enerpy? 21 cents.

A frost-free refrigerator uses about 1,217 kwh of electricity in a year, but
a standard model uses only 723 kwh. I'ov much extra energy cdoes the frost-free
refrigerator use each year? 429 kilowatt-liours.

At a cost of three cents per kwh, vhat does each type of refrigerator cost to
operate for a year? Standard -~ %21.84 Frost-free - $36.51

How many extra hours of energy slave's time would be required to kee: the
refriperator frost-free, if each slave can only work at a 40 watts per hour
pace? 12,225 extra hours per vear (nearly 34 hours per day).
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BEST CCrY AVAILABLE laking Electricity®

Power plants change enerpgy from many forms into electrical energy. In their simplest
form, power plants consist of a turbine which turns a magnet inside a coil of wires.
Nuclear and fossil fuel power plants use heat to create steam which turns the
turbines. Hydroelectric plants use falling water to turn the turbines.

Smoke-, | > § asng
\
¥

nn

Boiler

r
Turbine
Generator

The sketch above shows all of the parts needed to create electricity, but a power
plant with this design would not be profitable. Nearly all of its heat and magnetic
energy would be wasted before electricity could be made. Enpineers have designed

improvements to make the plant more efficient, and this paper will explain some of
those improvements.

The electrical generating system can be divided into three basic parts - the boiler,

turbine, and generator. The boiler is the first place where efficiency can be
improved.

Boiler Design

One pound of coal requires about 13 pounds of air to burn completely, so efficient
burning requires large amounts of air to blow over the coal. As the coal burns, it
produces ashes and gases which must be removed. Finally, each pound of air absorbs
heat and takes it away from the boiling water, so the air should be preheated and
carefully measured. .To solve all of these problems, the boiler could be redesigned
to include these improvements.

This design may
still look very Stack-\,
simple, but it

is used to shov

how an engineer Cold Air In-\a
improves the

efficiency of 2 ! { \

any system - ) E'P (\ (

step.by step. ®

Fach of these Co;{ -

improvements, Conveyer

simple as tliey 42?QZWarm Adr
appear, can cause

problems. For
instance, what %»
pipe design in =
the stack would
heat the air to the
best tenperature?

Ash Collector —i

I:R\(7te“ from "A Power Plant Primer' by Andrew i/. Kramer, Technical Publishing
ammm iy, Barrington, Illinois,




Module: 7 BEST COPY AVAILABLE Paper D

Page 2

What is the best temperature for the air? How tall should the stack be? Each
question requires a lot of engineering work, and each change usually causes a new
problem to arise.

How, back to improving the boiler design. The tea kettle is not a very efficient
boiler, since it lets most of the heat escape around its edges, so why not enclose
the fire and water in an insulated container? Then, if the water is run inside .
pipes which are surrounded by fire the maximum heat should be absorbed.

) ¢/Stack

~Stean to Turbine

ST 0SESATACATAS

H M
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Brick S
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Wall s
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= ' - Water Source
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S 75 Ash lopper
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Two other improvements have been added to the design above. First, two steel drums
are hooked to the pipes. As steam bubbles form, they rise to the upper drum where
they collect before going to the turbine. Second, since a large boiler like KPL's
can boil away 24 tons of water in less than a minute, a water pump must force in
new water all the time. Since the water does not always boil at the same rate, a
man or machine must alwvays watch the water gauge to make sure that the top water
drum is about half full of steam and half full of water.

The next step is to improve the burning of the fuel. Coal lumps do not burn
quickly, and the burning rate is hard to control. By grinding the coal to dust,
mixing it with heated air, and blowing the mixture into the furnace, the coal will
burn almost instantly.

fuch more useful energy can be removed from steam 1f it ig under high pressure. This
can be achievad by using very strong pipes and by super~heating the steam before it
travels to the turbine. KPL uses steam at 540 Celsius degrees under tremendous
pressure. However, cold water cannct be pumped into the hot steam drum without
causing the drum to contrict and eventually split, and much heat is still lost in

the exhaust gas. To solve the problems, a 1ittle of the hot steam is used to heat
the feed water before it goes into the boiler. A special bank of tubes runs

through the exhaust gases to heat the weter to about 290 degrees before it goes to
the boiler drum. These tubes are the economizers, since they help save every bit

of heat possible inside the boiler.
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Thus, the water is heated to 250° Celsius in the feced water heater, to 290° Celsius
in the economizer, and to 360° in the boiler tubes. Steam leaving the top drum is
heated to 540° in the super-heater coils. This boiler design collects between 83
and 89 percent of the BTU's of heat from the coal.

Turbine Design

The simple fan shown for a turbine when this paper started, will not be very efficient
in using all of the energy in super-heated steam. The first design change is to .
enclose the turbine and force the steam to go over and over turbine blades to get

the maximum energy. iiost turbines run steam through up to 30 stages before the
maximum energy has been removed.

Nozzles

/ \
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This arrangement is better than the simple fan blade, but even better blades could
be designed. liodern turbines have thousands of blades with thousands of nnzzles
directin~ steam against the blades. As the steam works, its pressure drops and it
fills more and more room. Therefore, turbines start with small blades and expand
to large blades as the steam pressure drops. ‘ '

Fixed Jloving

% itoving "ﬁ\//

&.’ v
.

~———

One big trouble remains - £O percent of the energy added to the steam is still being

wasted. The waste comes from two causes. First, the steam must push its way out of
the turbine against the pressure of the atmosphere. At 15 pounds of pressure for

each square inch, the atmospheric pressure causes a lot of wasted energy which
could have been used to push the blade.

To avoid this problem, the stcam leaving the turhine is cooled. Since one pound of
steam at atmospheric pressure f£ills 26 cubic feet of space, and one pound of water
fills 1/60th of a cubic foot, a very large vacuum can be created by cooling the
steam until it becomes water. The vacuun at the

steam turbine’s exhaust vent allows the steam to o
use as much energy as possible pushing the turbine VACUUII
blades. Cold water from a lake, or cooling tower,

is used to cool the exhaust gases to about 40°
Celsius, as shown on the next page.
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Just the addition of the condenser at the exhaust vent of the turbine allowed an

increase in efficiency of nearly 10 percent, but the steam cycle is still very
inefficient.

Better efficiency can be obtained by takimn, the steam out of the high pressure
turbine and reheating it. This reheating adds energy to the steam but not pressure.
This additional enerpy is then available to spin the intermediate and low pressure
turbine vheels. The steam soon loses so much pressure that it no longer can help
push the spinning wheels. When this stage is reached, the steam is sent to the
condenser tshere it 1s turned to water and the high vacuum is created.

Engineers have also used low pressure steam from the turbine to heat the feed water
instead of using high pressure steam. This improves efficiency a little.

Still, the problem of using all of the energy in steam before it turns to water

hos not been solved. As the pressure drcps and the steam expands, its energy becomes
less and less available for work. The most efficient steam cycle used today loses

60 percent of the steam's energy. This energy is transferred to the cooling water

as the steam cools. Engineers know that most of this 60 percent loss will always
occur in running steam cycles.

Electric Generator

Electricity is generated (made) by forcing a ragnet to turn past a coil of wires.
As the magnet moves by the wires, it forces many of the electrons in the wire to
move, 1f the wire is connected to form a complete circle.

' However, electrons all moving in one direction do not travel far before losing

energy. They create a long magnet down the wire, and this causes some energy loss.
Electrons also use energy from interference by slower mcving electrons. The further

the electron moves, the more erergy it loses.

\\\ //
-

i
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To solve this problem, engineers developed generators which make alternating
current. Alternating current allows each electron to move back and forth rapidly.

s
CAE -
N\ E
LI

This current change occurs because the two poles of the magnet affect electrons in
the opposite way. The north pole pulls electrons one direction, and the south pole
moves them the other way. Two problems remained to be solved. The first one was

that the magret was pulling unevenly in this setup. The turbine would wear out
quickly, and energy was being wasted.

This problem was solved by creating three different coils of wire, carefully spaced
around the magnet so that it was always working at an even rate.

The second problem was that no permanent magnet can be made strong enough to run the
generators of today's power plants. This was solved by using a direct current to
run an electromagnet. This direct current creates a magnet, and the force of the

turning turbine forces the magnet by the coiled wires. The moving magnet forces
the electrons to move down the wire.

[ ——

Hagnet
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tlhen all of these changes are made, the generator becomes a very efficient engine
and can convert 97 percent of the energy of the turbine into electricity.

The Transformer

The final step in sending electricity to the house is the transformer. If a wire
with an alternating current is wrapped around a piece of iron, the electrons moving
first one way, then the other, will make a magnet which has the north pole up, then
down, then up_quickly. '

—£€ 2>,

€ e &— é’
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1f another wire is wrapped around the same piece of metal, then the rapidly moving
current will create a rapidly changing magnet which will make the electrons in the
second wire move. If the second wire has three times as many coils, then its voltage
will be three times higher and its amperage will be one-third as great.

Vol vi)
olts b’ olts
: f{, /4r‘ﬁa
AR %
= A
AmPs .' - 0
- Amps

Because linesdzérrying high voltage and iow ampers can push electricity much further
than low voltage lines, KPL nay boost the voltare up av the plant, and

then drop it bacl for troe use like this: Volts=
220 or 110
=
Volts= Volts= ‘ D\
Volts= votcas | —fpotts
24,000 230,000 9,000 12, 500 2,400 ﬂﬂ
Generator Power Plant City Neighborhood Pole Home
Transforaer Transformer Transformer prangformer

Transformers are very efficient (99%+), but transmission lines lose power the
further they must run. Therefore; no company builds a generating station and plans
to send its electricity more than 200 miles unless very high voltage lines are used.
If too much energy is lost by the lines, profits would soon disappear.
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Swrmary

An electric power plant operates on a siriple idea involving only a boiler, a
turbine, a generator, and a transformer. It becomes more complicated as engineers
work to pet every possible kilowatt hour of ener~y out of the fuel they burn.

It is intercstinc to see how energy channes forms, and the efficiency of each
change in the larpge cenerator.

Fuel leat enters Teat turns {echanical Inerty

(Chemical BPurns TFnergy —— Enercy —— 35%

Enercy) —_— 09.5% water n37% turbine

109% and air

runs Yoving_ . moves Electrical causes Magnetic roves Electri-
_— Magnetic electrons Energy - nagnetic Energy electrons cal
generator Energy _— 34.6% —_— 34.3% —-——) Lnergy

34.82 in wire energy in : in wire 34%

coils’ transformer coiis

Student Self Test Questions
1. Uhat are the most basic steps in making electricity from coal?

2. 'hich step in the electrical prodiction process loses the most enerpy? Why?

3. Uhy is coal crushed before it is burned?

4. 'y is water heated before it goes into the boiler?

5. Why is stean super heated, and under high pressure?

6. Why is exhaust steam in the low pressure turbine turned to v-rater?

7. lou are generators and transformers t'e same? liow are they different?
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Eehavioral
Objective
Number Topics and Conceots
9 Students shall indicate that a stream of moving electrons is called
electricity,
10 Students shall indicate that electrical currents must flow in a
circle, and that this flow may cause, or be caused by, magnetic force.
12 Students shall indicate that energy is changzed from one form to
another when electricity is made and used.
13 Students shall be able to indicate why wuch of the energy in steam
cannot be converted to mechanical ererpy.
14 Students shall be able to select from a list of seven, five ideas
used in the XPL Generating Plant to obtain maximum efficiency.
15 Glven these words -~ fire, spinning magnet, coils of wire, steam, and

turbine biades -~ students shall be able to indicate the sequence
followed by energy in formine electricity.

Teacher Suggestions

This paper introduces the major design characteristics which will be discussed on
the XPL tour. It focuses ou the designs which most improve the efficiency of the
generating system.

The material below provides some background to questions wvhich students might ask.

l. Steam is produced wvhen molecules receive enough energy (heat) to leave the water
and become a gas. As the steam pressure increases, the temperature of the water
must increase to create more steam. Thus, the comparutive level of stear and
water in the top boiler drum ic dependent on the steam pressure (wliich depends
on how hard the turbine is working) and on the water temperature (uhich varies
as the flow rates of water and fuel chaace).

2, Coal burns more efficiently than natural pas, because the hydrogen in ~as turns
to water, which renoves energy from the boiler as it vaporizes to forum steam.

3. The maxinum mechzaical enerpgy that can b obtained from heat is explained by
the Carnot cycle (the second law of Theruodynanics), vhich holds that the
maxinum efficiency of an engine is determined by this equation:

Pfficiency -[?1gh temperature (C°) -- Lov Temperature (C)|¥ 107
I'igh temperature (C) + 2730

.}n verbal terms, this means that as the 2as does useful work, it expands and its
temperature drops. Eventually, the pas pressure is so low that it will no
longer 'push' effectively, but the gas still contains large amounts of heat

' energy.
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Thus, if all the steam in the generator moved from 540° to 40° C,a maximum
of 61% of its total heat energy would transfer to the moving turbine blades.

Since only 83% of the DBTUs in the fuel were transferred tuv the steam originally,
this leaves a maximum theoretical efficiency of only €1% X 83% = 547, In
practice, of course, this efficiency is not approached since steam is far

from an ideal gas and turbines are real, not ideal machines. To reach even

the achieved efficiency of 34%, requires removing the steam from the hich
pressure turbine, reheatins it, and using the reheated, low pressure steam in
medium and low pressure turbines., TFollowing one re-heat, the pressure is so
low, that the only alternative reraining is to condense the steam and create

a strong vacuum at the turbine's exhaust port.

Finally, at least a third of the steam is removed as low temperature steam and

is used to heat the boiler feed water, thus using the remaining heat in the
steam to lieat the condensed water.

The schematic presented in Transparency 5 provides information for a class
discussion of this topic.

Transformers worlk for alternatine currents because each time the electrons
change direction, the magnetic field switches, and moves the electrons in

the adjoining coils of wire. Direct curreunts will not cause the magnetic field
chanpes, and can move electrons in adjacent wire coils only vhen the D.C.

coils are, themselves, moving. You should make it clear that transformers do
not nmake electricity, but simply transform incoming currents to new voltages.

Two demonstrations will dramatically show (A) the.creation of a vacuun by
cooling steam in a closed container and (B) the fact that steam will continue
to exist at a lov temperature under a vacuum.

Use a clean metal can (Coleman fuel containers are great, but thoroughly clean
the container hefore using) with a screw cap. Place a two cm or less layer
of water in the can's base, heat the can until it is boiling vigorously, cap
at, and cool it under running water. The 15 pounds per square inch of
atmospheric pressure will crush it quickly.

N
15 ib. per sq.
in. atmospheric

?
‘ -%
pressure balance ,:; stallon ’

can 4 i
3&23&’3‘2 :ggidgL' &, /N 15 1b. per sq. in,
can e outside. DPractically

no pressure inside.
< Pesult: can collapses.
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lise a pyrex Florence or Irlenmeyer flask equipped with one hrle stopper.
Insert a thermometer into the stopper such that :ts bulb can reach near the
base of the flask and the temperature csn be read down to 50° C.

With the stoppar removed, hoil vigorcusly a layer of water about two o deep.
Insert the stopper and cool in runn’ng water. *ote that the water continues
to boil until the temperature is well hLelow 192° C.

ANSWERS - STUDENT SELF-TEST QUESTIONS

Q 1. that are the most basic steps in maling electricity from coal?
A. Burniny coal, making steam, turning turbines, turning magnets in fenerators.
Q 2. Yhich step in the electrical production process loses the most enercy? thy?
A. Converting enerny in steam into mechauical energy in turbines. CLCnercy ‘s
lost because nuch of the energy in steam is not released until it returns
to vater, and turbines cannot use that heat eneryy.
Q 3. thy 1is coal crushed before it is burned?

A. So it will burn quickly, and the amount of fuel can be contreolled.

Q 4. Uthy 1is water heated before it noes into the boiler?

A, So cold water will not damage pipes, 8o energy from low pressure steam can
be used efficiently, and to pull all possible energy from the boiler exhaust
cascs.,

- Q5. Uhy is steam superheated, and under high pressure?

A, So that the maximum heat energy can be transferred to the turbine blades.
If it were not superheated, the efficiency would be lower.
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Why is exhaust steam from the low pressure turbine turned to water?

So that a vacumm will allov steam to remain as gas at a lower temperature
and allow the maximum energy to transfer to the turbine.

How are generators and transformers the same? How are they different?

Generators start electrons moving bacl. and forth with a noving magnetic force.
Hechanical energy from the turbines moves the marnet. In the transformer,
the moving electrons in one wirc coil wmake the rioving magnetic force which
causes the electrons in the second coil of wire in the transformer to move.

Both transformers and generators are the same because moving magnetic fields
cause electrons to move. They are different because generators use mechanical
energy to make electricity. Transformers only change the voltage and

amperage of electricity.
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Making Electricity - Seven Vays

Electricity from large generating stations tthich burn fossil fuels (oil, gas, and
coal) provide almost all of our electricity today. However, seven other methods
are also producing some electricity today.

Batteries

'All batteries use two different chemicals. One solid chemical gives electrons and
the other takes electrons. When a wire connects the two chemicals, the electrons
move from one material to the other.

‘\\V Mating and recharging batteries uses much

mo. 2 energy than the battery can release.
Therefore, hatteries are used to provide
electricity only when portable electrical
energy is needed. :

f
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Huclear Reactors

Three basic types of nuclear reactors are being used to make electricity. Each uses

nuclear reactions to heat materials which turn turbines. £ later paper will explain
how the nuclear reactions release heat.

Boiling Water Reactors use the
uclear core to boil water and

can change about 34 percent of REACTOR STEA! LIVE
the heat energy into electricity. ”OILEQ+[‘ ST T e e
o -1

The cooling water carries away _ , TURRIL:D

the rest of the energy released T . A ILRATOR
by the reactor. This reactor 4 WCLLAR
has very tight containers around §rCORE

the nuclear core and around the
turbine, steam line, water line,
and cooling water. The containers
keep radivactive materials from
escaping into the environment.
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Pressurized Water Reactorg
separate the heating water from
the water which turns the tur-
bine blades. This allows the
temperature and pressure of the
steam line to be raised without
fear of losing radioactive
materials into the environment.
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High Temperature Gas and !lolton Yetal Reactors use heat carried by helium gas, or
molton sodium, to make steam which turns the turbine. Since the helium or molton
metals can be heated to a very high temperature (740° C or higher), it can heat the
steam to a higher temperatuie than in the pressurized water reactors, and 32 to 40
percent of the heat energy can be chanred into electricity.

10T FELIW: OR SODIU T STEANY LIVE

Vi |4 - \/‘
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Solar Cells COOLING WATER

Today, solar energy is being used to make electricity in one basic way - solar cells,
Hovever, the cells are much more expensive than other means of electrical production
nov being used. They work because sunlight striking an electron can give it a great
deal of energy. If a weak electron current is flowing past the energetic electron,
it will join the other electrons and increase the power of the current. If enough
electrons are energized by rays of sunlight, a good electric current can be created.
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This same principle applies to photu cells, which use light energy to make weak
electric currents. These cells make use of between 5 and 15 percent of the sun's

energy, depending on the materials used to malke the electron holding and carrying
layers of the solar cell.
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Geothermal Power Plants

Geothermal means "heat of the earth.” Geothermal power plants use the heat from
deep within the earth to boil water to turn turbines. In a sense, a geothermal
power plant just creates a geyser, like 0ld Faithful, and runs the boiling water
past a turbine to create electricity. Several of these geothermal power plants are
now running in California, Iceland, New Zealand, and Italy.

Hydroelectric Power Plants

Hydroelectric power plants use the energy of falling water to turn turbines. Some
hydroelectric power plants are set below dams blocking rivers. Others use the power
of rising and falling tides to turn the turbine blades. These turbines are very
efficient (90 percent) since they depend only on the force of falling water to spin
the blades.

Student Self-T2st Questions

1) Uhat is the basic difference between the three designs used for nuclear power
plants?

2) Which of the seven methods for producing electricity uses energy which continues
to arrive on the earth's surface every year? '

3) Every common method of producing large amounts of electricity uses the same
things to make electrons move. Ilhat are they?

4) VWhich method of producing electricity is the most efficient user of available
energy?
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Behavioral
Objective . :
lumber Tonics and Concepts
9 Students shall indicate that an electric current is caused by
moving electromns.

12 Students shall indicate that energy 1is changed from one form to
another when electricity is made and used.

13 Students shall be able to se'ect the best explanation for the inability
to convert all heat energy to mechanical energy in turtines.

15 Given these words - fire, spinning macnet, coils of wire, stecam, and
turbine blades ~ students shall be able to indicate the sequence
followed by energy in forming electricity.

16 Students shall indicate that all nuclear powered generating stations
use steam to turn turbine bhlades.

17 ftudents shall indicate that geothermal and hydroeclectric plants use

ener2y which will be available to man for eons.
Teacher Suggestions

As can Le seen from the objectives above, the basic goal of this paper is to increase
student awareness of the uptions and energy conversion efficiencies now available for
producing electricity. We do not expect students to know all of the design charac-
teristics of the many different options.

Students may ask why batteries are so inefficient. This arises from two physical
principles. (1) The chemicals (zinc, copper, cadmium, sulfuric acid, lead, and so

on) used to make batteries require a high energy input to refine and (2) electricity
produced by other means is used to recharce batteries. The battery can never return
all the energy used to charge it, since some enerpgy is diverted to heat, nonproductive
chemical reactions, and so on.

In regard to the nuclear reactor discussion - the efficiencies reportad could not be
obtained from the simple deaigns shown. Just as in the case of the fossil fuel
plants, the Carnot cycle would limit the desipns shown to efficiencies of less than
20 percent. In the nuclear plants, as in the fossil fueled plants, steam is both
re-heated and is used to pre-heat the feed water. These steps improve the efficien-
cies to the levels shown.

Ansvers - Student Self-Test Questions

Q 1) What # : the basic differences between the three designs used for nuclear
power plants?

A) Steam produced by water around the nuclear core powers the turbine in the
boilinr water reactor.

Water heated by the nuclear core never touches the turbine, but is used only
to create steam in a separate systen of pipes in the high pressure water
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reactor. Gas or molton matal is heated by the nuclear core and is used to

create steam in a separate systen of pipes in the high temperature gas and
molton metal reactors.

Which of the seven methods for producing electricity uses energy which continues
to arrive on the earth's surface every year?

Solar cells use sunlight.

Hydroelectric plants using energy con:ained in rain as it flows toward the
ocean.

Geothermal plants use heat energy from the earth's core. Boiling water from
this energy reaches the earth's surface.

Every common method of producing large amounts of electricity uses the same
things to make electrons move. What are they?

High-pressure steam or falling water turns turbine blades which force magnets
by coils of wire.

thich method of producing electricity is the most efficient user of
available energy?

Hydroelectric plants use about 90 percent of the energy available from the
falling water used to turn the turbine blades.
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Environmental Costs of Producing Flectricity

Earlier papers in this module have shovm that enerpy from electricity is very
important to most Americans and that making electricity is a complex operation.
This paper looks at the environmental costs of producing electricity. In studying
envirommental costs, you should realize that every time you use energy, you change
your environment. Vhen you killed a cow or potato to obtain food energy, or burned
a dead log to cook food, you changed the environment. Even your use of the sun's
enerpgy for a sun tan changed the environment, because the sand you covered did not
receive its normal warmth.

When energy is used to produce electricity, the environment is also changed.

Whether the environment changes in large or in small ways depends on the fuels
burned and the pollution control equipment in the plant. Air, land, and water
quality may be affected as electricity is made. '

Air Quality and Electricity

Burninpg fuels release gases, pieces of unburned fuel, and heat. Some of these
products of birning fuel, such as heat and water vapor, may have very little

effect on the air's quality. Other products, such as dusts and sulfur dioxide, are
definite air pollutants which may damage human, animal, and plant health around a
plant with no pollution controls. Still other pollutants, such as carbon monoxide,
nitrogen oxides, lead, and mercury, may or may not cause noticeable changes in the
environment. Good research proof has not shown that these materials have caused
environmental damage near power plants, but when many other cars and industries are
also adding pollutants in a small area, the damape may occur.

tlhen natural gas is burned, very little air pollution occurs. This can be seen by

observing the dust and fumes that are not released when natural gas burns in your

home stove. When oil is burned, more pollution is released, and the environment

around a large oil burning power plant with no pollution controls may be damaged.

YThen coal is burned, a serious air pollution problem can be created if no pollution

control measures are taken. - e e
y e S J}_Aﬂﬂ 2

/
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The Lawrence KPL plant has one of the best air pollution control systems in the

country, and it is continually changing and improving its system. It now consists

of four basic parts: ,

A) In the boiler, limestone is burned with ! |
coal to produce a very active chemical
called calcium oxide.

B) The air from the boiler is blown through
a layer of water in the scrubber. 1In
the water, the air bubbles are broken
up and mixed with water by millions of 4*
vibrating glass marbles. HHinety-nine i \452 |
percent of the ashes in the air are "\ . —Fan
trapped by the water. The calcium
oxide hooks to water and then removes ! i

60 percent of the sulfur dioxide gases
from the air. This forms a compound
containing calcium and sulfur which

slovly turns into calcium sulfate, . ,ﬁsz:Ezzi___Ai Reheater
or plaster of paris. e e r

——J“T:;ﬂ--Demister

C) The scrubber water, now carrying a r'r"5‘3
heavy load of ashes and dissolved Y bggjzﬂ.? ?g {—.l1arble Bath
calcium-sulfur compound, is piped r"Tﬂ% 3?* j=——llater Spray
to a holding tank where calcium sulfate -
1s formed. In the tank, the calcium
sulfate forms crystals. Large mixers i’

& e

—~ " Exhaust

keep the ashes and calcium sulfate Cas .
stirred up and in the water until it Calcium Oxide
reaches the ash ponds. The method l ’TSulfur Dioxide
used keeps calcium sulfate from forming \» Scrubber Ashes
layers on the pipe walls and plugging Uater Other liaterial
the system with plaster of paris. l Collectors

D) The cleaned gases rising from the water \ T Holding Tank

have most of the water droplets removed \
in a demister. The air from the de-
mister is reheated to remove water
droplets and blown out the top of a
very tall stack. Dy the time the gases
from the tall stack return to earth,
the Kansas winds will have scattered
them over hundreds of square miles of
land and no measurable damage will be
caused.

Air pollution is also a minor problem from nuclear power plants. Ac uranium atoms
break up to make the heat needed to create steam, some new atoms are formed, Some

of these atoms are gases vhich must be removed from water to keep the reactor working
well. These gases are removed and stored for enough time to let most of the radio-
active atoms disintegrate. Vhen most of the radioactivity is gone, the air is
filtered to remove most of the remaining radioactive atoms and released high in the
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air. The regulations controlling radiation air pollution from nuclear plants are so
strict that you would receive more radiation each year by moving to the mountains than
you would by living next to a nuclear plant in Kansas. As you move higher, radiation

from the sun and from granite rocks occurs at a slightly higher level than found in
Kansas and lower states.

Land Pollution and Electricity

vlaking electricity by burning oil or natural gas does not change the land much.
Some land must be used for pipe lines, power lines, and to supply the materials for
the oil wells, power lines, generating stations, etc. lone of these changes affect
large areas of land in major ways.

However, when coal or uranium is used to make electricity, land must be mined to
obtain the fuel. The mining may be strip mining, which removes many feet of rock
and soil to expose the fuel, or it may be shaft mining. {/hen mine shafts are dug,
large piles of rock (tailings) are usually stored above ground. Unless strip mines

o A

'
B T A

\ 1’\ 1‘ l %, \\Q\\}*}A ‘.&\“w N Y

Strip !Mine Shaft iiine

are leveled and covered with tonsoil, large ditches and very poor soll may replace
what wvas once productive land. Shaft mines may cave in and the large piles of
waste may dam creeks and destroy land.

Coal and oil-burning plants also chanre the land's environment when ashes and (with
air pollution control) calcium sulfate must be stored. As the air is purified, ponds
must be dup to hold the solid wastes. Someone may discover a use for these materials,
but for now, KPL has a hupe pond filling up with ashes and plaster of paris that costs
more to ship than it 1is worth.

{luclear power plants also have a larpe pollution problem when their wastes are
considered. As the uranium atoms break down, new radioactive atoms are produced.
‘fany of the atoms will remain radioactive for centuries, and a good storage method
has yet to be found. The problem does not involve large storage areas, but it does
involve very long times and materials which could really damage water if they escaped
from storage.

tlater Pollution and Electricity

ilaking electricity also helps create three kinds of water pollution; 1) heat, 2) mine
drainage, and 3) oil spills.

At the pover plant, much of the heat in the steam is transferred to the condenser

water. If this condenser water is returned to the river or lake from which it came,
the hot vater may change the environment of the natural vater. KPL has tackled this
problem by using cooling towers to cool the river water so that it can be used over
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and over again in the condenser. As it cools, some of the water evaporates and must
be replaced by new river water. The Lawrence plant is so big that if its cooling
towers were not used, the plant would require more water than the Kansas River carries
on some summer days. With the cooling towers, the plant only needs to have a stream

that is two feet deep, two feet wide, and moving at one mile per hour to take care of
its needs.

WATER FLOY AT KPL
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Hine drainage 1s the second major water pollution problem connected with making
electricity., Coal often is mixed with materials containing sulfur. When water seeps
through the coal mine, sulfuric acid may enter the water and ruin it for human and
animal use. Streams and ponds in several areas have been ruined by acid seeping from
the coal mines. In addition, rain water may wash tons of silt out of strip-mined
areas and into rivers and lakes.

The final major cause of water pollution connected with electricity comes from oil
spills as large tankers unload imported oil and off-shore drilling rigs bring up oil
from underground layers. IMan is working to learn how to control these spills, but
much work remains to be done.

Pollution Controls and You
Five very important ideas should be understood about pollution caused by electricity.

1) Today, if we are to get the energy we want, we must mine coal, pump oil, and
burn fossil fuels somewhere. BLurning the fuels in small plants in the same area
vhere nany cars, factories, and homes are also burning fuels may turn air and
water pollution fr:- a mild to a serious problem. Burning the fuels far from
cities in electrical plants with good pollution control equipment can turn many
problems from serious to almost nothing.
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Pollution control costs money--lots of it. The cost of leveling the land and
replacing the topsoil will push the mining company in Southeastern Kansas out of
business. They move thousands of tons of soil to reach an 18 inch layer of coal.
They cannot afford to restore the land and still sell coal at a price others can
afford. In Yyoming, on the other hand, the same amount of land must be moved to
reach a layer of coal over 50 feet thick. Their mining companies can afford to
replace the soil and to return it to productive use. In both cases, the cost of
po%lution control is passed on to KPL who pays as they buy their coal.

W
The *cost of building cooling towers and scrubbers and fans to blow air out of

tall stacks adds 15-20 percent to the cost of building generating stations. The
pay for the men and electricity needed to run the pollution control equipnent in
the Lawrence plant adds 3-6 percent to the cost of producing electricity. Finally,
more fuel must be burned just to run the machinery needed to control the pollution
caused when fuel is burned. KPL passes these costs on to you in your electric
bills. If they did not, they could not afford to make electricity and to control
pollution at the same time.

It 1s much harder to control all pollution than it is to control most of it.

This applies to ashes, sulfur dioxide, carbon monoxide, heat pollution, or any
other type of pollution. The Brown's Ferry lluclear Plant shows this well, since

it added better radiation control of its air pollution in several steps, and the
cost can be easily compared. To control 8) percent of the radiation from the
plant cost 6 million dollars. To increase pollution control by 15 percent, to a
95 percent level, cost another 9 million dollars. To control just 2 percent more
of the radiation cost another 11 million dollars. Thus, to control the firs:

2 percent of pollution cost $150,000. Improving control from 95-97 percent cost
$11,000,000. Engineers do not even see how the last 3 percent could be contrulled.
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Radiation control costs of the Brown's Ferry luclear Plant

All pollution control faces similar cost increases as better and better controls
are used.

You can easily see why this works when doing experiments in class. To avoid
spilling most of the material isn't too hard~-to avoid more than one mistake a
year is quite difficult--and to avoid making any mistakes is aluost impossible.

Ule must learn what level of pollution will not damage the environment, and control
it to that level. Greater control than needed will just cost much more money

-Rjkjith°“t helping the environment.

A ruiToxt provided by ER
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4) Learning how to control pollution takes time and dollars. The scrubbers used
at KPL are a many million dollar experiment, and money continues to nour into
the scrubbers as engineers work to correct problem after problem. llo one can
sit in a laboratory and predict all of the problems that will occur when scale
models turn into glant fans and stacks. Someone must build a working mod=l
and sperd years working out the bugs. (/hen KPL .gets the problems worked out
of their scrubber, then other companies will install their system and save
most of the money and time spent figuring out how to make the original scrubber
vork.

5) Pollution controls are essential. lMan must protect the air, land, and water
quality of this planet if we and the animals and plants avound us are to live
decent lives. If the demand for energy continues to grow as fast as it has,
and when the supplies of natural gas begin to decline, the need for good
pollution controls will become even more important.

Student Self-Test

1) List the two kinds of pollution KPL could cause in Kansas and two kinds which
could be caused outside of the state because KPL is making electricity.

2) 1If no electricity was made, would we have a soclety with less prollution?

3) How 1s air pollution from ashes and sulfur dioxide controlled at KPL?

4) KPL now controls 99 percent of their ashes and 60 percent of their sulfur
dioxide. Should a law be passed requiring 1CO )ercent control of these
materials? Uhy?

5) Why are water cooling towers very important to electrical producing plants in
dry states?

6) 'ho should pay for controlling pollution in strip mines?
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Behavioral
Objective
Number - Topics and Concepts
18 Students shall be able to select the basic sequence of actions

taken to reduce ash and sulfur dioxide levels in the air surrounding
the KPL plant.

19 Students shall be able to select a graph showing the relationship
between costs of pollution control and percentage of pollutants
controlled.

20 Students shall indicate that a) creating and installing effective

pollution control equipment requires much time, money, and research,

b) this effort should be made if pollution is significantly damaging

the enviromment, and c) the costs of controlling the pollution should
be part of all products' costs.

Teacher Su;zestions

All too often, public discussion of poll . a control is based on four very weak
assumptions:

1) Pollution control can be accomplished overnight if science says it can be done.
2) Total control is possible and desirable.

3) Someone other than the user of the product will bear the cost of controlling
pollution.

4) Environmental costs of producing a product should not be part of the product's
cost.

The film, Enviromment, can help bring out these studant assumptions and could be
well used at this point. About five minutes of the film deals directly with
pollution control problems in the electrical industry.

A pood discussion of the student self-test questions should help students begin to
question the four basic assumptions, and paper G should further their understanding
of why pollution control costs will--and nust--be passed along to the consumer.

Ansvers - Student Self-Test Questions

Q 1) List two kinds of pollution KPL could cause in Kansas and two kinds which
could be caused outside of the state becaugse KPL is making electricity.

A Air poliution (particularly sulfur dioxide and fly ash); water pollution
(particularly heat); and land disruption (acres of land are used for coal
mining and ash storage). llote that most of these are controlled now.

Outside Kansas--land pollution near strip mines; water pollution from strip
mine run~off and oil spills; and air pollution from oil refineries are all
possible because of KPL's fuel requirements. Note that most of these would
probably occur vhether or not KPL made electricity, unless each Kansan cut
down his energy demands.
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Q 2) If no electricity was made, would we have a society with less pollution?

A The answer depends on how much energy is used. Theoretically, we could
eliminate all machines now using elcctricity, use natural gas to heat homes,
etc., and have less pollution. We would also have a much lower standard of
living. On the other hand, if we maintained our material siandard of living
without electricity, we would have much more air pollution as oil and coal
burning replaced electricity in heating homes, running engines, and providing
light. The point of this question is that enerpy usage, not electrical
production, is at the root of most pollution control problems.

Q 3) How is air pollution from ashes and sulfur dioxide controlled at KPL?

A First, pas is burned most of the time, so ash and sulfur dioxide is controlled
by choosing the cleaner fuel. Second, when coal is burned, limestone is

burned with it. The fur.ace heat turns this calcium carbonate into calcium
oxide.

The exhaust gases are blown through a bed of water and the calcium oxide
combines with water and sulfur dioxide to make calcium sulfate (plaster of
paris). The water also picks up most of the ash and rumoves ash and calcium
sulfate to the holding tank. In this tank, the solids sink down and are
pumped to the ash ponds.

Q@ 4) KPL now controls 99 percent of t.eir ashes and 60 percent of their sulfur
dioxide. Should a law be passed requiring 100 percent control of these
materials? Vhy?

A No! 1) The only way one week's worth of air pollutants could be 100 percent
controlled is to pump the exhaust gas into a box larger than Topeka and 50
feet deep. The box would, of course, need to be a complete vacuum initially,
In this manner, the exhaust zas could not mix with the air. This is, of
course, ridiculous, but so is 100 percent control of anything all the time.
Even humans pass a few grams of sulfur dioxide (and much smellier hydrogen
sulfide) weekly as their intestines break up compounds containing sulfur.

Students should realize that 1) total control is not necessary, since most
pollutants exist at a low level from natural production, and we need not

strive for a level of pollutants lower than that found in the natural environ-
ment near the plant; 2) tall stacks normally allow a tremendous dilution of
materials befcre they reach the level occupied by plants and animals; and

3) the costs (in money and eneryy) of pollution control accelerate dramatically
as the last 20 percent of the pollutant is sought. It would probably take
most of the electricity produced at KPL to control 99.9 percent of the SO2

and ash--even 1f engineers could figure out a method.

On the other side of the coin--companies shouid control their pollution to a
level causing no significant environmental damage. If this cannot be done at
a cost which allows the product to be sold, then other products produced with
less pollution should be purchased. We should not expect future and present
generations of humans, animals, snd plants to suffer because we want to
purchase products produced at a major cost in environmental damage.
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0 S5) Vhy are vater cooling towers very important to electrical producing plants
in dry states?

A A large volume =% cooling water is essential for efficient operation of the
turbines via condenser cooling. If a large body of water is not able to
supply the cocling water and receive the heated water without damage, then

cooling tower:s must be supplied. These allow most of the cooling water to
be recvcled,

0 6) tho should pay for controlling pollution in strip mines:

A The mining company, which bills the coal users, which bill the conaumers.
Ultimately, the environmental costs must be borne by the person who decides,
"I will, or will not rurchase this product at this price."




Module: 7 ' Paper G
Page 1

ECONOMICS OF THE KANSAS POWER AND LIGHT COMPANY

The Kansas Power and Light Company is a unique business. It is a privately owned,
state-regulated industry. This means that: 1) the company is owned by stockholders;
2) people in the KPL service area can purchase electrical service only from KPL; and
3) the state of Kansas regulates KPL's prices, profits, and many of its policies.

Reasons for Allowing Only One Electrical Company

Our basic economic system is based on free competition between businesses and between
individuals. You have the choice of many kinds of grocery or clothing stores

vhen you shor, but you are lirited to only one possible company to supply electricity
to your home. Why.are you allowed only one choice of electrical power supplier?

Producing electricity requires a tremendous investment in poies, wire, transformers,
generating stations, repair equipment, and repair men. If two or three companies

had to compete for your money, each company would need to have its own poles, wires,
etc., running side by side so that you could have a choice. This duplication would

raise the price of electricity for everyone and increase the chances of accidents
and damage from storms.

Producing electricity requires energy, and big plants can produce electricity more
efficiently than smail plants. In addition, power is lost for every mile of
electrical line, and small lines lose more energy than large lines. Three small
companies running lines side by side would waste tremendous amounts of energy
compared to one large company with one network of lines.

In short, Kansas allows just one company to sell electricity in each area in order
to save money, energy, and material for other uses in the state.

How is KPL Regulated?

In the grocery store, you can refuse to buy one product and purchasz another. Your
decisions help control a company's prices and products. KPL does not need to worry
about competition from electrical companies, so what keeps its services good and
its prices low? Four things make sure that KPL meets your needs:

1) KPL is required by law to supply energy to meet the needs of all customers
seeking electricity and paying their bills. This energy supply must be
reliable, and all KPL costs must be shared fairly by all customers. Any
customer not receiving satisfactory service may appeal to the Kansas Corpora-
tion Commission. If the Kansas Corporation Commission finds that service is
unsctisfactory, it can require KPL to stop serving the area and allow a
competing electrical company to take over the customers.

2) The Xansas Corporation Commission controls KPL rates., Before any rate can be
changed, t. -~ Tommission must be convincad that the rate change will provide
only a reasonable profit for the company and a reasonable cost to the consumers.
Open hearings are set and opponents and supporters of the rate change are allowed
to present evidenre for the Commission's consideration.

3) People must purchase stocks or loan KPL money if it is to build new facilities.
Companies with poor reputations may lose these sources of money as people invest
in nther companies with better reputations for good environmental controls,
profits, or service. This keeps KPL working to keep its customers happy.
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4) People, and particularly industry, can purchase energy in other forms, such
as coal or gas, if the price of electricity is too high.

In short, a combination of state regulation and competition from other energy

suppliers substitutes for .the direct competition usuall' found in other businesses
in this country.

Our economy works because people trade freely. For instance, someone with 50

cents could spend it on many things. If he buys a hamlurger, he decides that it
will help him more than anything else which could be purchased for 50 cents. The
person selling the hamburger chooses to use his time and knowledge selling hamburgers
for 50 cents, even though other jobs and p.ices are possible. If the huyer receives
a good-tasting and nourishing hamburger, and if the seller made a reasonable profit
from the hamburger, a good trade was made. If the trade leaves either side dis-
satisfied, a poor trade was made.

In a similar manner, KPL traded its freedom to set its ovn rates and to select its
customers to the people of Kansas. Kansas, in return, allowed KPL to be the only
electrical company in the area it serves. This allows rates to be lower and less
energy and material to be wasted. Over the years, both sides have traded well.

During 1973, which was a typical year, KPL traded its electricity for about 88
million dollars, and they reduced their cost to the residential user to 2.3 cents
per kilowatt hour. A man working at top speed can penerate about a one-tenth of 2
kilowatt of enerpgy in an hour, so this rate allows you to purchase four "enerey
slaves" for only one penny per hour. Just ten years earlier, in 1963, KPL sold
only 48 million dollars worth of electricity at a higher rate of 2.& cents to the
residential “ser. In fact, KPL rates now are much lower than they were in 1924
when electricity cost 15 cents per kilowatt hour.

KPL's Profits

To really understand the trades made by Kansans and KPL, it is best to look at how
the company spends its total sales receipts of 121 million dollars. Since this
much money is hard to think about, we will simplify the example and talk about
just one of those sales dollars, with the understanding that every dollar was
spent the same way.

Fuels and 'laterials: KPL traded 41 cents from each sales dollar to companies who
supply the corporation with fuel and materials used to produce and distribute
electricity and natural gas. Fuels, wvhich are the largest expense in electrical
production, include gas, oil, and coal. Other materials include wires, poles,
and production machinery.

Employees: KPL traded 11 cents from each sales dollar to employees in exchange for
their knowledge, ability, and effort. Employees ran the generating stations,
designed nev equipment, repaired equipment, and billed energy users.

Government: KPL paid 20 cents from each sales dollar in taxes to governuental

units. KPL taxes help suppor. judicial and educational services, as well as the
protection of property by police and fire departments. KPL serves as a tax col-
lector, with the taxes collected on electric bills going to all levels of government.
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Interest: KPL paid 4 cents from each sales
dnllar as interest on money borrowed from
banks and other companies. The borrowed
money was used to build new generating plants
and equipment.

Depreciation® KPL traded 10 cents from
each sales dollar to manufacturers for
new machinery and equipment to replace
that which wore out during the year.

Profits: After other companies were paid

41 cents for fuels and material, employees
wvere paid 11 cents, governments were paid

20 cents, lenders were paid 4 cents, and
replacement equipment manufacturers were paid
10 cents (a total of 86 cents), 14 cents was
left for the stockholders. This 14 cents
from each 100 cents worth of sales was the
corporation's profit. In 1973, KPL stock-
holders reinvested 5 of their 14 cents for
building new plants and for buying new equip-
ment. The remaining 9 cents vere paid as Figure 1. Distribution of KPL's
dividends (profit) to the stockholders. In 1973 Income

addition, because of reinvestment of 1972

profits during 1973, the value of each share

of stock grew.

If you owned one of the 6,400,000 shares of KPL stock in 1973, your real dollar
‘economics' would have looked like this:
January, 1973, one share of stock had a book value of $18.52;
December, 1973, one share of stock had a book value of $19.41,
and you would have received 1.48 dollars in dividends (profits).
Your investment would have grown by ahout 13 percent.

Profits for Kansas

Kansas also profited from its trade with KPL. ilost of the company's payroll, taxes,
and profits went to Kansas citizens. In addition, KPL can produce 19 percent more
power than it has ever had to make on the hottest day in summer. This means that

we do not need to worry about turning off air conditioners or industry when equipment
must be repaired. Other states, with less available energy suffer '"brown-outs" or
""black-outs' when their power fails. TFinally, KPL's rate of 2.3 cents for each
kilowatt hour allows you to plug in an air conditioner, electric motor, or light and u
much more energy than a man could produce for less than one cent an hour. In short,
KPL has provided plenty of inexpensive energy to everyone who wanted to purchase it
in Kansas.

Economics In ifore Depth

Capital: Surplus money that can be used to purchase new buildings and equipment is
called capital. !Money used to pay labor and purchase supplies is not capital. Ifen,
material;, and energy could not produce electricity unless capital was available to
build generating plants, transformers, and distribution lines.
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Companies ohtain capital to build new plants in three basic ways: selling stocks,
obtaining loans, and producing profits. Stocks are sold by the company when it
vishes to grow. They are purchased by investors who trust the company's ability to
grow and produce a profit. If the corpany grows well, the stocks grow in value and
can be sold at much more than the original cost. If the company does not prosper,
the stocks may decrease in value. Uhen KPL needs large amounts of capital, it may
sell new stocks to investors. Thus, investors may bid for new stocks, or may
purchase stocl: from other traders who own shares. Investors share the company's
profits and have a vote in selectinz the company's board of directors.

Loans may be obtained by mortgazing equipment and buildings which are already
owned., Thus, the value of past investments may be used to obtain capital for
new investments.

Profits provide the third major source of capital to a company. Profits not only
are used to pay dividends to stockholders but are also used as capital to finance

new enterprises. Without profits, no company can continue to exist in a capitalistic
system.

KPL requires large amounts of capital to make a little electricity. In order to

sell the 88 million dollars worth of electricity in 1973, they had to own 361 million
dollars worth of equipment. When the profits from electricity are compared with the
capital invested in equipment, the company's profit drops to about 5 cents for each

dollar invested. This return on investment is about what a bank would pay for a
regular savings account.

Electrical Rates: lany people ask why KPL charges industry and big electrical users
lower rates per kilowatt hour of enerzy. KPL must do this because they are told to
share their costs fairly with each customer. One industry with one mile of line,
one transformer, and one bill per month may purchase one million kilowatts of
electricity. To sell the same amount of energy to homes may require 70 miles of
line, 1,400 meters, at least 300 transformers, 1,400 bills, and many more repairmen,
meter readers, and so on. Both industry and the residential user pay the same rate
for the cost of the fuels to make electricity, but the residential user will have a
higher total rate because all of the other expenses are higher.

Supplyinz the Required Energy: KPL is required to provide all the energy you wish

to purchase if you are in their service area. This requirement has meant that KPL
had to double their size every 10 years since 1924 just to keep up with demand. As
the United States begins to face a shortage of oil and natural pas, the demand for
electricity may more than double in the next 10 years. This means that during the
last 50 years KPL has built 360 million dollars worth of electrical generating and
delivering facilities. In just the next eight years, they must double that invest-
ment and build another 360 million dollars worth of generating stations, lines, etc.
I1f they build too slowly, we will suffer brown-outs and poor service. If they build
too quickly, equipment will not be used and profits will shrink. '

SUIMLIARY

Businesses dre like people. They must continue to improve or they stagnate and die.
Capital is needed if KPL is to build new plants with better equipment to meet the
expected energy demand.

If KPL still used the small coal-burning power plants of the 1940's, the air would be
much dirtier and electricity would be more expensive and harder to buy.
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llew technology, competent men, and capital produced from profits, loans, and stock
sales allowed the development of large boilers, generators, and better pollution
control equipment.

Science and technology have produced abundant and inexpensive energy, but our
economic system influences the quantity and price of the energy actually available
for our use. As energy and raw material supnlies change, science, technology,
industry, and our total economic system will face a new and large challenge 1f our

standard of living is to remain high.
Student Self-Test Questions

1) %hy must businesses make piofits in order to provide the service we want?

2) List at least two reasons that KPL must follow different rules than required
of owners of restaurants or grocery stores.

3) If you were asked to loan KPL money, would you compare its profits with its
total sales or its total investment? lhy?

4) Why has KPL always required large anounts of capital, and why will it continue
to need large amounts of capital?

5) Vhat proportion of KPL's income is spent on wages, taxes, and fuels and material?
Can you think of an industry with a very different division of expenses?
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Behavioral
Objective
Humbers Topics and Concepts
21 Students shall be able to select a sentence summarizing the past and

projected growth rate of KPL.

22 Students shall be able to select the most realistic distribution
of KPL's income for raw material purchases, labor costs, and taxes.

23 Students shall be able to apply the definition of "capital" to
select the best use for it in business.

24 Students shall be able to identify several restrictions placed
on KPL by Kansas.

Teacher Suggestions

This paper was prepared to provide a brief introduction to the economic system which
governs our electrical industry. Objectives 21-24 can be met through a discussion

of the Student Self-Test Questions and will be further developed during the field
trip.

The material below provides background for potential discussions of some aspects of
economics brought up in the student paper.

State Regulated Industries: Students should realize that Bell Telephone, the Gas
Service Company, railroads, and bus lines are all privately owned, state regulated

industries. All have been granted privileges and placed under restrictions by
government for similar reasons. '

Distribution of KPL's Income: The data used in the students' paper was obtained
from KPL's annual report of 1973. Past years' reports have had very similar patterns.

Taxes: KPL pays much higher taxes in proportion to its sales dollar than do most
other companies. The table below shows the tax breakdown for 1973.

Millions Percent of
of Do}lars Sales Receipts
Federal Income 13.09 10.82
State Income 2.00 1.72
Property Tax 7.97 6.62
Company's Share of Social Security Tax 0.67 0.6%
23.73 19.7%

State and local sales taxes of 2.2 million and city franchise taxes of 2.1 million
were also collected. However, thece taxes were passed right on to the appropriate
governments without being figured into either KPL's income or taxes.

In addition, taxes on the fuels and material purchased are included within that
portion of the company's expenses. ’
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It is inter.~ting to note that about onz-fourth of your total electric bill poes
toward taxes. It can easily be seen that KPL serves as a tax collector for govern-
nent at all levels.

KPL's Profits: One key distinction which should be made is the difference in

figuring profits based on the sales dollar and based on the invested dollar. Goodyear,
which produces things which require much effort, but not so much capital, has about

a 5 percent profit based on the sales dollar but about a 20 percent profit based on
the invested dollar. KPL, in contrast, is a capital intensive industry and has a

14 percent profit based on the sales dollar, but only a 5 percent profit based on

the invested dollar. Grocery stores with a very high turnover of goods may run a

2 percent profit on the sales dollar, but 20 percent on the invested dollar.

The key point to make is that people who purchase stocks are investing those “"invested
dollars.” Therefore, Goodyear stock is an attractive stock because of its high return
on the invested dollar, and KPL is less attractive because of its low return. How-
ever, if the energy crisis worsens, KPL will become more attractive because people
will still need electricity but will cut down on the use of tires.

"Book Value' of a stock is the value of a company's holdings, minus its liabilities
and divided by the number of stocks owned. In KPL's case, a common stock's book
value of $19.41 is determined by dividing the company's net value (124 million
dollars) by the number of common stock shares (6,413,000). In theory, if the company
disbanded, the book value is what each share of stock would be worth. The market
value of the stock is, of course, determined by what other people think of the
company's potentlal,

Capital: 'hen government regulates profits (as they do with utilities), limits
prices, or taxes profits heavily, business has trouble obtaining capital to expand
or to meet demand for energy. When fovernmental regulations affect energy costs
end availability, troubles are multiplied.

As the availability of capital or energy decreases, the options available to con-
sumers also decrease. Businesses will not be as able to try new products, build new
plants, or replace faltering equipment as readily. In addition, some businesses
will fail. Presently, their products are replaced by new products from other
companies. If energy or capital becomes too tight, the range of consumer choices
will just decrease with each business failure.

In addition, as the U. S. population growth rate slows, it will nuke the traditional
growth rate of successful businesses dependent on non-population factors, such as
new technology, changing material and fuel markets, and so on. [Lconomists are not
sure of how this problem will affect our future economy. One thing is certain,
however: our economy's ability to make the transition from cheap energy, plentiful
resources., and groving markets to the future as indicated by present trends will
depend largzely on the availability of capital and the freedom to use it. Government
and business policies determined by the students we are teaching will play a large
role in this transition--whatever its outcome.

Electrical Rates: The basic electrical rate is determined by three factors: A) the
cost of the equipment divided over the approximate 1ife of the equipment (usually

30 years); B) the cost of the fuels used to produce electricity; and .C) the cost of
providing service. All customers share the fuel costs about equally on a per kilowatt
hour basis, but since the cost of the equipment and service per kilowatt hour is
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higher for small users, their rates are higher. Their overall rate is, of course,
lower than it would be if no large electrical users were on the line, since

savings are made in the construction of larger generating stations and mass purchases
of fuels.

Supplying the Required Enerpgy: One point which the field trip will bring home
forcefully is the fantastic growth rate of electrical usage. The fact that the
Lawrence KPL plant has doubled its productive capacity every 8 to 10 years can
be followed easily by observing the doubled capacity and building dates of the
generators from the smallest to the larpest.

Answers ~ Student Self-Test Questions
Q 1) Uhy nust businesses make profits in order to provide the services we want?

A Companies which pay their bills, but make no profit, will not create capital.
Therefore, they will be unable to modernize and take advantage of new tech-
nological discoveries. Only profits can attract stockholders and produce
the capital needed to expand or to discover and produce new products. KPL, of
course, would have remained at its 1924 size if profits had not been made
and reinvested. This original size would hardly supply the electrical needs
of Topeka's schools, let alone the needs of half of Kansas.

Q 2) List at least two reasons that KPL must follow different rules than required
of owners of restaurants or grocery stores.
A 1) KPL doesn't need to advertise to attract customers from other electrical

companies. (However, they do advertise to attract customers from other
energy suppliers. They are particularly anxious to increase power used
during evening and winter when much of their equipment is not used to
full capacity.)

2) KPL has extensive governmental controls. The Kansas Corporation
Commission regulates everything from rates and service to the required
filing of detailed records on the company's overall operation.

3) KPL must provide service to all vho are willing to pav for 1t. 1In
theory, at least, a billioraire could ask to purchase a billion kilo-
watts an hour to electrocu:e earthworms, and KPL would be expected to
furnish 1it.

In a more serious vein, Santa Fe is seeking to run an electrical train
line through Kansas and has asked KPL for service. This will cause a
tremendous, periodic, moving drain on one phase of the three-phase
electrical current. KPL is expected to supply this electricity and to
maintain their quality of service to other customers along the line.

Q 3) If you were asked to loan KPL money, would you compare its profits with its
total sales or its total investment? Vhy?

A Its total investment, for your dividends would be determined by dividing the
profits among all of the other stockholders, Mortgage holders would be paid
lefore dividends would even be declared. An extreme example will make this
clear.
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Would you buy a stock for $1,000 from a man who planned to build a machine
which would make false teeth for cats? The owner expected to make two
pairs per year, sell them for 20 dollars, and make a profit of $10 per pair
after paying the costs of the material, wages, taxes, and so on. The

_ answer 1s no--although the profit is 50 percent of the sales dollar, the

maximum return you could expect would be $20 on your $1,000 investment.
This 2 percent profit on the invested dollar could not compete with rates
of fered by other companies or banks.

Vhy has KPL always required large amounts of capital, and why will it continue

0 4)
to need large amounts of capital?

A Capital is required to purchase new equipment. KPL has doubled in size every
8-19 years and must obtain enough capital to grow at that rate. Since most
of the cost of production is equipment, this means that tremendous amounts of
capital are required, and the need is accelerating as shown on the graph below,
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Figure 2. Capital Requirements of KPL
lhat proportion- of KPL's income is spent on wages, taxes, and fuels and
materials? Can vou think of an industrv with a very different division of
expenses?
ages - 11%; tares - 27%; fuel and materials - 41%.
itogt industries pay much lower taxes., Danks would have much lower fuel and

material costs and higher wage costs. A shirt or transistor radio manufac-
turing firm would have high labor costs and low fuel and materials cost.
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Fnergy in the Future

1lankind has used more energy in the last 3) years than was consumed in the previous
2,000 years of human existeunce. 'e expect to use rore energy in the next ten years
than was used in the last 30. Almost all the cnergy now being used comes from
plants vhich died millions of years ago and became the fossil fuels--coal, oil, or
natural gas. WYe have already taken the fossil fuels which are easy to obtain in
the United States and nmust now dig deeper mines, larger strip mines, oil wells in‘
Alaska and in the oceans, and less productive, deeper wells throughout the United
States. As the effort needed to obtain fuel rises, the coet must also rise. In
addition, the fossil fuels are disappearing and will never be replaced. If we are
to continue using large amounts of enerpy, other sources of energy must be tapped.

Government, power companies, and each of us have ideas we believe about the energy
crisis now, and for the future. In many cases, these ideas cannot be proven and
are quite different. For instance, we don't lnov how much oil is in an area until
wells are drilled, and ve don't know how much energy the United States will buy in
1780, Yet, graphs are made of our energy needs in 1969, and charts are made showing .
oil that experts expect to find after exploration. Some of these predictions are
very different, and many will be wrong.

General Trencs
Four basic ideas are agreed to by most people studying enerpgy.

1) The price of energy is going to rise. !le a~e using up the fuels that are easy
to obtain, ship, and burn, and the harder to obtain fuels will cost more money.

2) Ve will run out of fossil fuels. As we run out, the last supplies of fuel will
be harder and harder to obtain. When we run out can be debated--natural gas may
disappear in 15 years--or 40 years. Coal may last 100 to 300 years, and oil
will last from 30 to 60 years, depending on the facts and assumptions used by
the people making predictions. 0il shale may supply more oil, and coal may
be turned into gas, but the important thing is that we will run out of the fuels
which novw supply nearly all of our energy, and we will continue to have more and
more trouble obtaining fossil fuels in your lifetime.

3) ilew ways of obtaining most of our energy must be found or our life-style will
collapse and many people will die. Ue may have 10 years, or 39 years to
develop major netr energy supplies, but we must start now. Our society is very
dependent on larse amounts of fuel for raising food, transporting, and making
the things we buy. If new enercy sources are not developed to replace the
fossil fuels, our food supplies will ehrinl., factories will stop, and cars,
trucks and trains will no longer roll.

4) !ost nev energy sources will be turned iuto slectricity. Energy in wind,
garbace, waterfalls, sunlight, and splitting atoms cannot be poured into a gas
tan. Their energy can be used to malie electricity which can bhe carried to
homes, factories, and battery powered vehicles. Llectricity may also be used
to break up water, and release hydrosen to be burn2d in cars.
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that Will Supply Energy?

Many things will replace the fossil fuels. the 1ist below is based on the maximun
anount of energy vhich can be ottained f-om vacious energy sources, according to
the work of several scientists writing for the Scientific Anerican.

1) Garbage and farm wastes could be Lurned or turned into methane and burned.
These cculd supply as much as three percent of our energy needs by the year
2000, but will never supply much more than that level. As the cost of energy
rises and the price of food rises, the availability of trash and farm wastes
may even go dowm.

2) Water power is now supplying about four percent of our energy. llore dams will
be built, but hydroelectric plants will not Zrow as fast as our need for energy.
We cannot expand our use of water power much more, since most of the areas with
deep canyons and large changes in tide level are already dammed and used for
powver. However, rain will continue to fall, and hydroelectric power could
continue to supply energy long after our fossil fuels are gone.

3) Wind power may begin to supply as much as one percent of our energy. lowvever,
windy places for windmills large enough to produce enough energy to pay for
their cost are not too easily found.

4) Geothermal power can supply up to two percent of our national energy needs. Ve
are already tapping much of this power, and unless very different hole drilling
methods are used, most areas will be unable to obtain more of this power.

5) Burning wood and other plants may be able to supply as much as five percent of
our energy needs, but their production would subtract from housing material and
food production. In twenty years, we may need land to produce food more than
we need it to produce energy.

In short, when all of these fuel supplies cre added up, ve get a lot of energy

(maybe as much as 15 percent of our needs in 25 years), We use much more power than
that today, and our population is still growing. The fossil fuels will still be able
to supply 50 percent of our energy in 25 years, but other sources must be found.

The sun supplies the United Statos with 1,600 billion watts of power every

day. If this energy could be easily tapped, our energy worries would be over
forever. Solar power can be used effectively in "orie heatins today. Large black
barrels of water or flat layers of flass with hleck backs and 1iquid flowing through
them can help heat homes. This use of solar energy will grow rapidly over the next
twenty-five years as fuel costs' rise, but this supply of energy will not run cars
or power engines. '

S0l Energyl
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To pet sunlight energy turned into usable electrical power, scientists are developing
solar cells and large heat collectors able to boil water to turn turbines. llowever,
using the best methods available today, to supply just 35% of the total cenergy needs
of the United States would require 35,000 square miles of power stations in Arizona,
Florida, and every other sunny area in the United States. At today's prices, it
would cost 35 trillion dollars for just the crystals used in the power cells for
these stations. Since this would cost every person in the United States $175,000

for just 35% of our energy needs, we could not afford to build the plant or buy the
electricity.

Thus, today we can not afford to plan to ohtain the energy we need by using solar
power. As scientists and engineers worl. on this problem, new solutions may appear
and solar energy may sorieday power our homes and industries. If scientists never
harness solar power cheaply, we have but one option left to obtain the energy needed
for survival.

.luclear Incrgy

lluclear power ig the final remaining source of large anounts of energy. At this
time, it is the only energy source (other than fossil fuels) able to supply large
amounts of energy at costs vve can afford. iluclear reactors, which supply power to
make electricity can be divided into three groups:

A) Thermal reactors use up uranium as elactricity is made. If only thermal reactors

are used, we do not have enough uranium to last more than 50 years with today's
techniques.

P) Breeder reactors make more fuel than they use. In these reactors, part of the
nuclear energy is used to turn non-reactive atoms into atoms which can supply
more nuclear energy than the original fuels. These reactors are harder to
build, harder to control, and theoretically able to supply all the energy we need
for thousands of years. Mo large breeder reactor is being used in the United
States today, but a large one is bteing built.

C) Fusion heat is the last known source of large amounts of power. To obtain fusion,
small atoms must be placed in an environment much like that found inside the
sun. So far, after years of work, man is tar from duplicating the sun's
environment inside anything other than a hydrosen bomb. If we ever do harness
fusion to supply energy, it will supply an endless amount of very clean energy..

In summary, we must becin to develop sources for energy other than fossil fuels.
thether we have five years, or 57 years before the supply of fossil fuels begins to
grovw tight, we nust nlan on using our time wisely. If American society is to switch
from limited to endless sources of energy, we must plan far ahead. If the prepa-
ration is not begun now, you and your children trill face the results.
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Page 4
Student Self-Test Questions

What sources of energy will be available to man for years to come using present
technology?

What sources of energy may be available if scientists and engineers can learn
how to use the energy?

Why do nev supplies of energy appear vhen the cost of energy rises?
In 50 years, vhy will wost things using energy be powered by electricity?

If you controlled Saudi Arabia's oil, would you sell all the oil the United
States wanted to buy? ‘'Thy?

Yhy is it important that large energy producing companies make cood profits
and invest those profits in new enerzy sources in years ahead?
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Behavioral
Ohjective : .
Jumbers Topics and Concepts
4 Students shall ‘ndicate that, for the good of our country, we
must plan to lieep large amounts of energy available.
17 Students shall indicate that feothermal and hydroelectric plants
use enerty which will continue to be available to man for eons.
21 Students shall be able to select a4 sentence summarizing the past
and projected future nrowth rate of KPL.
23 Students shall be able to select the best use for capital in a
husiness.
25 Students sh~l.. ;e able to select a sentence best summarizing the

reasons ior expecting enerpy costs to rise for many years.

2¢ Ctudents shall te able to select a sentence best summarizing the
differences between thermal and breeder reactors.

Teacher Suggestions
Let three broad goals cuide student discussion of this paper:

A. lodern society needs large amounts of energy. As more land is covered by
cities. and more countries seel’ our food, energy is essential for producing
fertilizer: planting, cultivating, harvesting, transporting, and preparing
fool' preparine substitutes fo: but rare natural materials; mininz hard to
obtain metals: and so on.

Ye ran lower our standard of living, as the price of energy roes up. Ve
can curtail travel, stop buying precooke! meals, stop using dryer:, curtail
heating, larce homes, nAnd so on., lotrever, as our standard of living roes
dowm, fewver people will have jobs, the wares we do have will not buy as much,
and the spiral dowrward tould continue.

Thus, the United States is faced with the prospect of either finding large
nev energy sources o~ slowly cuttinc dovm on enerfy usage and its accompany-
ine tenefits as the fossil fuel supply drys up over the comins decade. £
path betr2en these two extremes will probably be followed.

3. e ernmot preiict technolopical break throvghs. Furthermore, producing a
new type of enzine or electrical reneratine plant involves years of work,
even after the initial discovery is made. Thus, we cannot predict when, 1if
ever, larte scale usare of solar enerry or fusion will occur. PMany non-
scientists confidently predict the tapping of both these enersy sources as

'~ woon as enourh roney is poured into research. However, ten years aso, we
wvere a factor of 100 sway from achievins the high temperatures anc pressures
reduired to obtain fusion. Today, we are still a factor of 17D awvay, and
only the discarding? of many good ideas has occurred.
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C. Given the two ideas above, energy producing companies have lad to choose
energy sources which are feasible now and able to supply large amounts of
energy. iluclear energy is the only source of large amounts of non-fossil
fuel energy technologically feasible today. Since all trends point toward
a very large demand for non-fossil fuel energy by 1790, and it now takes 10
years just to license and build nuclear plants, plans for their construction
are beinc made throughout the United States.

If a break through in solar energy does occur soon, then 12-20 years later
we can expect the first larse cormercial plant to bepgin operation. In the
racantime, the electrical industry, whose demand 1s doubling every 3 years,
rust place their bets on the only new horse around.

The next paper will explain how nuclear reactors work, anc how their pollution is
controlled.

The filmstrip-record combination, ‘The Energy Crisis,' provides an audio-visual
summary of this paper. 1Its content is somewhat different than this paper's, and
could be well utilized. Ve would recommend filmstrip #3, ''Futuristic Solutions,”
if your time is limited.

Answers - Student Self-Test Questions

0 1. Unat sources of energy will be available to man for years to come using
present technology? '

A Enerpy from coal, breeder reactors, hydroelectric plants, and geothermal plants
should all be able to supply enersy throughout the next 100 years. Energy from
0il shale and coal gasification may also be available for much of this time,
depending on economics and environmental controls.

Q 2. that sources of energy may be available if scientists and engineers can learn
how to use the ene-ny?

A Eneroy from the sun, wind, garbace, deep feothermal wells, and fusion may
become available.

Q 3. Ly do new supplies of energy appear when the cost of energy rises?

A Enerry vhich cost more to produce than it was worth becomes profitable again
when the price rises. Thus, if the price of oil gets high enouvgh, oil from hizh
grade oil shale can be extracted. If the price of oil foes even hisher, oil
fronm lover crades of oil shale can be tapped. The eame concept applies to any
energy source which is technologically and eavironmentally able to be tapped.

s do not suggest fetting into the fiet of "‘who is to hlame' for the current
oil shortage. Governmental regulation of natural gas prices, national and
international politics, taxing pnlicies, environmental policies, corporate
decisions, and concumer demand all play a role in our current problers, and
no one party is ‘‘the” 2fuilty one. '™ether or not we learn from our present
plight is the important thing. '




Teacher

todule: 7 ' Paper I
Page 7

Q 4. 1In 50 years, why will most things usiny encrpy be powered by .lectricity?

A I'ieht now, electricity is the only portable anc clean method for transferring
the cnergy of coal or nuclear power to the energy user. Since these two
sources are expected to supply most of our enerpgy in 59 years, most things
will he powered directly or indirectly by clectricity.

Q 5. If you controlled Saudi Arabia's oil, would you sell all the oil the United
States wanted to buy? Uhy?

A Probably not. Once Saudi Arshia's oil is none, the country has few resourcec
left to feed its people. Therefore, the wise thing to do would te to sell
less oii at higher prices and to invest the money in industries and projects
designed to sustain the country vhen the oil runs out in 50 years or so.

Q 6. thy is it important that large energey producing companies mal:ie good profits
and invest those profits in new cnercy sources in the years ahead.

A The only way to obtain the capital nceded to build new plants, drill new wells,

and develop new energy sources is throuch profits. If companies do not make
enourh profit to invest in new sources of energy, then the energy will not be
available vhen nceded in a few years. The graph on pace G-9 shows why KPL
must obtain high enough profits to invest in the future. Many students do not
understand this concept, and will indicate that the povernment provides most
of the noney to obtain new energy sources. This ic not true in the United
States, ¢.d one of the major reasons for our large supplies of inexpensive
energy (compared with all other countries) has been the fact that our energy
supplies are competing and financing their own operations.
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Nuclear Reactors
People often confuse two ideas when they discues nuclear reactors: Radiocactivity

and nuclear fission. This paper will explain these concepts and show how a nuclear
reactor works,

Radiocactivity is the natural, uncontrolled relrase of small particles or high energy
%~rays (called garma rays) from the nucleus of an atom. As a result of this release
(radiocactive decay) the aton changes sliphtly aud becomes a new atom. This new aton
may or may not be radioactive,

There are many radioactive atoms in the world, and your body probably contains a few
atoms of radicactive carbon, phosphorus, iodine, and strontium.

gamma ray tiny particle

Figure 1, Radioactive DNecay.

If one of these radioactive atoms breaks up, it will send a particle or gamma ray
through your cells. The particle or gzamma ray nay pass right out of you, or it may
damage a cell, If the cell is damaged, the body will usually repair the damage. If
the body does not repair the damage, the cell may die, produce a new kind of cell,
or become a cancer cell. Low levels of radiation have always existed in the natural
world, and our bodies are well equipped to handle most radiation damage.

Carbon 14 is a particular type or radicactive atom. If 1000 C 14 atoms were left in
a box, only 59C would remain after 5,700 years. If you waited another 5,700 years,
only 257 atoms would remain.

On the other hand, 1090 radium 221 atous would be down to 500 atums in 39 eeconds,
250 atoms after 67 seconds, 125 atoms after 90 seconde, and 62 atoms after two
minutes. After five minutes, only one atom would remain of the orieinal 1071,

M
1000  — 500 —_— 250 —_ 125 | .—3 {62 c.m_e_) 1 o__)ne
Atoms one Atons on . At one one
half Iha;f ___3224 half half half half
life L —— 14fe life life 1ife  life

Figure 2, Tadioactive decay of any group of identical radioactive atoms.

The lenrth of time needed for half of any nroup of radioactive atoms to decay is
called the half life of the atom. Carbon 14 lLas a long half life. Radium 221 has
a medium half life, and some atoms formed durine nuclear reactions hreal up so
quickly that scientists cannot measure their half lives.
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'mclear fission occurs when the nucleus of an aton collides with a particle and
breaks up, releasing enersy. This energy may occur as heat, gamma rays, speeding
neutrons, and a host of other linds of rapidly moving particles. ' At least two new

and smaller atoms are formed following fission, and these new atoms amy be radio-
active.

The fissioning atom acts much like a stock car which hits a wall. It explodes and
spews heat and flyine materials all over the tracl. The radioactive atom acts like
a car which loses its wheel or muffler, and becomes a slightly different car.

Gamma _ lieat S
Rays . ,-,r-f""/~J7
/ Jeutron T

Teutron

X \W—Utron -

Meutron

Fioure 3. Uranium 235 Fission.

Only a few \inds of atoms fission when hit hy neutrons. 'lost atoms just become
radioactive. Uranium 235, is one of the few atoms which will fission, or break up,
vhen a neutron of the right energy hits it. These atoms power nuclear reactors.
Wthen the uranium breaks up, it usually produces three neutrons which are able to
cause other atoms to fission, Thus. to mal'z an atonic bomb from U 235, you must
just pile a few trillion, trillion, trillion atoms together, then tait until a
neutron from the sun or other source strikes one atom and causes it to fission, The
three neutrons from this atom hit three other atcms which explode and send out 9
neutrons which strike @ atoms which breal: up »nd send >ut 27 neutrons and so on.

In the space of less than a second, trillions of neutrons will be creiting trillioms
of fissions if enougch atoms were stac”eﬂ tocether.,

Since elect.ical producers do not want to male a bomb, they simply spread the uraminm |
atoms apart and control the number of neutrons which can hit the uranium atoms. When
a reactor is runnins correctly (at a critical state) ounly one neutron from each
fissioning atori will hit a U 235 atom and cause a new fission. The other tvo
neutrons are absorbed by other materials (such as boron or concrete).

TXcess Ixcess Fxcess
Ieutrons Hputrons Neutrons
‘Yeutron% . “eutron-) ‘—-) "eutron-—) .——) x?eutron-——) & \
“eat ’, eat Pear
Other Other Other
Radioactivity Radioactivity nadio: otivity

Figure 4, A nautron chain reaction at the critical level.
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Nuclear Neactors

Two basic types of nuclear reactors ara Leing developed. Thermal reactors slow down
the neutrons vhich leave a fissioning atom until the neutron carries only the energy
of an infrared light. Thus, the reactor is called a thermal (heat) reactor. The
neutrons lose their enersy as they bounce off water or carbon atoms which surround
the uranium atoms. 'hen the slow moving neutron collides with a uranium aton, a
nuclear fission occurs, and more neutrons and heat are released.

Breeder reactors do not usc water or carhon to remove energy from the neutrons.
Instead, the U 235 atoms are mixed with atoms of Thorium 232 and U 238. leither

Th 232 or U 230 will fission when hit by a neutron. I'igh energy neutrons from U 235
fissions strike these large atoms and other atoms in the reactor. Two things can
bappen: A) Th 232 and U 2335 will capture some of the high energy neutrons and turn
into new kinds of atoms. R) Other -eutrons will lose enersy by bouncinz off other
atoms until a U 235 atom captures the neutron and fissions.

If Th 232 or U 233 atoms capture the neutron, they both become more radioactive and
soon change into new atoms. Thorium tecomes U 233 and U 238 becomes Plutonium 239.
These new atoms (U 233 and Pu 239) are able to capture slow moving neutrons and
fission just 1ile U 235. Thus, in a breeder reactor, U 235 fissions, releases cnergy,
and turns two kinds of atoms into new atoms which can fission. Therefore, nuclear
fuel 1s created faster than it is destroyed, and the reactors must have fuel removed
to remain running over the years. This extra fuel will be shipped to thermal
reactors to be used like U 235, Tha name breeder reactor cimes from this reactor's

ability to 'hreed” or create new fuel from atoams which would not fission in a
thermal reactor.

5 grams U 235 < 5 grams Thorium 232 —)Heat + Radioactive ‘laterial + 5 grams U 233

Breeder Peactor

5 grams U 233—> Heat + Radioactive Material

Thermal Reactor

A very important idea to understand at this point is that atoms which fission are
usually not very radioactive before they fission. The half life of U 235 i3 719
nillion years, and you could probably czrry a chunl. of t“is material in your pocket
throughout your 1life without damage. After fission, many kinds of radioactive atoms
are formed, and until these atoms trealkup, man t7ill need to control these new atoms
carefully.

Once the nuclear reactor is built, water 1s heated by the hezt from fission, and
steam 18 produced to run turbines and generators. Thermal reactors usually heat
water directly from the reactor heat, and breeder reactors use gas or liquid metal
to carry the heat used to create steam. Thermal reactors have run for years without
hurting the lives of people livinc near or workine in them. Small hreeder reactors
have also run safely, but their design 1s still beins irproved and the first larae
breeder is just beginnine to be built ir the United States.

Q
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Both linds of reactors produce pases, liquids, and solids which can release radio-
activity. Almost all of the pases have short half lives. The reactor captures

these gases and holds them until wost of the radioactive atous have decayed and

little radioactivity remains. I'ovever, liquids and solids from the reactors frequent-
1y contain radioactive materials with very long half lives., These materials will
eventually be turned into ceramic pellets and stored, By storing the material as
pellets in carefully designed storage areas, mankind should be able to safely contain
the radioactivity for as long as we exist., lYowever, the design of the storage area
and the creation of the ceramic pellets is still being worked out, and nuch worl:
remains to be done before the storage of radioactive wastes will be solved.

The other major pollution probler: with nuclear reactors is that of cooling tte
condensor water. Since nuclear reactors release much heat per lilowatt hour of
energy produced, they nust have more coolin? water than cenerating plants using
fossil fuels. To avoid using too much water, engineers are working to design dry
cooling towers which use very little water from rivers and still recycle cool
condensor water.

Student Self-Test Questions
1) that is radioactive decay?
Z2) that is nuclear.fission?
3) List tuo differences betwcen thermal and breeder reactors.

4) ‘Yould you receive more radiation by standing near a pound of radioactive
material with a long half life or with a short half life?

5) Look bacl: to Paper E. Three desipns of nuclear reactors are shovm.,
" mich desiens would work for thermal reactors? thich would wor!l. for breeder
reactors? 'hy?

6) Why should very careful studies of radioactive waste storage be done before
many nuclear reactors are built?

7) Vhy do thermal nuclear reactors need more coolins water than fossil fuel
generating plants producing the same amount of electricity?
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Behavioral
Objective
Humber Topics and Concepts
13 Students siiall be able to select the best explanation for the

inability to convert all heat energy in steam to mechanical
energy in the turbines.

20 In a series of attitude questions, students shall indicate that
. a) creating and installing effective pollution control equipment
requires much time, money, and research; b) pollution controls
should be used if pollution significantly damages the environment;
and c) costs of controlling pollution should be part of all
products’' costs.

26 Students shall be able to select the best summary of the differences
between thermal and breeder reactors.

27 Students shall be able to select the best sentence differentiating
between radioactive decay and nuclear fission.

28 Students shall select the best definition of "half life."
Teacher Suggestions

This paper may be one of the hardest to teach; bLut as public furor grows uvver nuclear
energy, some public education must be done. Few students ever reach high school
physics and few of these students really study nuclear reactions.

One key concept not developed directly in the paper is thii: no industry will
intentionally develop a power plant vhich will cause eunough damage to the environ-
ment to warrant massive lawsuits. The nuclear industry is no different, and it has
one of the best safety records of any industry.

Several comments about nuclear reactors may be appropriate for discussion. The
reactors are made in several independent layers of heavily reinforced concrete.

They are designed to resist all outside forces short of atomic bombs and to contein
all conceivable internal problems. The possibility of one of these reactors turning
into a bomb is extremely remote, since the nuclear material is not packed tightly
together, and even if it m21tad and ran together, the reactor is designed to not

let a critical mass be [ -:noel,

The biggest problems wirli nur.lear reactors are threefold.

1) Human error nay unintentionally release radioactive gases or liquids to the
environment. This is controlled by stringent AEC guidelines, a general and deep
fear of public reaction, and ragulations which keep the allowed relecascs far
below radiation levels expected to cause damage.

.2) Large amounts of heat are wast ad, and adequate cooling towers m be installed.
This is discussed in question 6.

3) Radioactive wastes must be transported, processed, and stored. The containers used

during transportation are very carefully tested and designed to resist all feasible

accidents, but some localized srillage may still occur when many plants begin
speration,
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Storape of radioactive materials is a harder problem--but solvable. The AEC
has adequate storage areas for annther decade, and by then, sclientists expect
to perfect the production of ceramic pellets to contain radioactive materials
vith long half lives and to locate a good storage area. The release of radio-
activity during ore processing and waste re-processing has been the biggest
control problem, but it seems to be coming under better control.

The use of nuclear reactors is rot a subject to be lightly accepted, for many
potential problems exist. However, these problems do appear solvable and
should damage the health of this continent much less than man's reaction to
the lack of energy if nuclear reactors are not built in time.

Answers - Student Self-T¢st Questions
Q 1) What is radioactive decay?

A It is the natural, uncontrolled release of a. high energy particle or gamma
ray from the nucleus of an atom. It is analogous to the loss of a small
part of a car which creates a car vwith new characteristics.

Q 2) \that is nuclear fission?

A The splitting of an atom's nucleus to form at least two smaller atome and
a variety of energetic particles and light rays. This does not occur
spontaneously on earth but requires initiation by a neutxon (or alpha
particle) with appropriate energy levels.

Q 3) List two differences between thiermal and breeder reactors.

A Thermal reactors use water or carbon to absorb energy from neutrons in
order to cause fissioning of U 235 (or other fissile isotopes).

Breeder reactors use collisions with U 238 and Th 232 to capture part of the
neutrons and to absorb energy from the rest.

Breeder rea-tors create more nuclear fuel than they use, thermal reactors
use more than they create.

Q 4) Look back to Paper F. Three designs of nuclear reactors are shown. Uhich
designs would work for thermal reactors? Which would work for breeder
reactors? Vhy?

A Boiling vater reactors and pressurized water reactors would work only for
thermal reactors. The water in these reactors would slow the neutrons so
:auch that they would not cause U 238 or Th 232 to undergo radioactive decay.

The high temperature pas and molton metal reactors can work with either
process. In the thermal reactor, carbon (craphite) is used to control
neutron energy. In the breeder reactor, layers of U 238 and Th 232 serve
the same function.

Q 5) 'y should very careful studies of radicactive waste storage be done before
many nuclear reactors are built?

A Small amounts of waste can be stored safely in liquid form with careful
human attention for several decades. Large amounts of waste will need to
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find a larpe permanent storage facility which does not require large

amounts of human effort to insure against leakage. Designs and plans for
this storage need to be completed soon.

Vhv do thermal nuclear reactors neced more cooling water than fossil fuel

generating plants producing the same amount of electricity?

In order to control radioactive leakage, steam is maintained at a lower
temperature and pressure in the nuclear reactors compared with fossil fuel
plants. Since steam enters the turbine with less pressure, the Carnot

cycle (see page D-9) 1s less efficient, ard more energy is turned into
waste heat.
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Your Role ia the Future

Energy is an extremely complicated topic. Politics, economics, population growth,
food production, and life-style all play larse roles in determining the amount of

enercy you will have today, next year, aund 3) yecars from now. You should leave your
study of this unit with four basic understandings.

1) Uaving sufficient energy is vitally important to your health, your future
1ob, and your life-style. Ve can make cuts and grow more efficient in our
use of energy, but large amounts will still be required.

2) \le cannot continue our 93 percent dependence on fossil fuels for our energy.
e rust strongly support efforts to safely utilize nuclear pover, solar
power, and other forms of power if sufficient power is to remain available
for your use.

3) We must work to male sure that power is produced in such a way that the
environment is not damaged enoush to hurt human, plant, and animal hiealth
in a major way now or in the future.

4) We must understand that long rance planning 1s essential for achieving these
goals. Mo undertaking designed to provide billions of watts of clean,
economical energy can be accomplished in one year or in 1C years.

I'ov Can You llelp

Energy supplies are not something decided only by the “big-wigs.'” Consumer demand
determines KPL's orowth rate and no electricity is produced if none is used.
Politicians do respond to letters, public opinion, and votes. Laws they urite
influence the availability of enersy and the environmental controls followed by the
industry. You can help assure a good future by your actions and your words. You
should plan to work in four general areas.

Reduce enerry usare: The less energy used now, the more will be available next year,
and the longer we will have to plan for the future. To save energy, follow the
cuilelines below.

1) Do not buy poorly made guodss and really try to use the things you do buy as
long as possible! It takes nearly as much energy to make a cor vihich falls
apart in three years as it does for one which lasts 10 years. TPoorly made
chairs, homes, stereos, and clothes all waste much more enercy then well
made items vhich last a longer tine. Do not be style conscious--new styles
are just a way to force buyers to discard good old things and waste money
and energey buying new things.

2) Avoid buying things with excesaive paclaging that cannot be recycled. TV
dinner:, plastic wrapped cooky boxes, and throw avay cans and bottles cost
much more money and eneryy than items with less pacliaging. If Americans
just refused to buy soft drinl’'s and beer in non~returnable containers,
enough energy would be saved to incrcace the speced limit to €0 miles per
hour:
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3) Do not drive or fly unless you have to. Use car pocls, legs, bikes, buses,
or trains for transportation whenever possible.

4) Insulate homes, heaters, and coolers well, and use heat and cooline as little
as possible. luch enerpy and money is wasted on poorly insulated and over-
heated and over~cooled hones.

5) Use some of the excellent free guides to saving energy in the home. KPL has
a pood guide vhich can be received free and many other companies publish
suggestions.

6) Complain to store ovmers about overheated and over~cooled stores. Tremendous
amounts of energy are wasted in stores with high ceilings, large amounts of
glass, and poorly adjusted thermostats.

7) Remember that anytime anyone wastes energy from fossil fuels, that energy
will never again be available for anyone's use. The pallon of pas a friend
wasted today may be the gallon vhich was not ava’*able for a tractor or
ambulance next year. Saving energy is everyone's responsibility and is in
everyone'’'s best interest.

Be informed: As energy supplies prow short, your knowledge is the hest insurance
for survival, Scare tactics will be used to promote nuclear power and to stop
nuclear pover. Gadgets by the hundred will flood the market and guarantee better
pas mileapge, better heating and so.on. lany of these are, and will be, worthless.
Only the people vho are actively reading and learning will avoid wasting money or
cetting caught with homes without heat, cars without gus, and jobs without a future.

Communicate: Once you know what is happening, write letters and call. If you are

sold a worthless gadget, call the Xansas Consumer Protection Commission and help get
it off the market. Vrite your congressmen, fovernors, and city commission members
vhen you understand the best solution to controversies. lelp your friends adjust

to a changing world with rising fuel costs, and rising prices of all !:inds. These
changes are bound to happen as the availatility of enersy decreases, and humans who
cope, rather than mope, will come out ahead.

Select your career carefully: Inzineers desioning new energy sources and more
efficient machines will be very much in demand. If you enjoyed studying this module,
you should consider engineering as a carecr. Industries making cars, tires, air-.
planes, recreational vehi¢les, and other high enersmy users will probably lose
enployees throughout nost of your life. People producing, packaginp, and sclling
food will probably do well, ac will those that make and service buses and trains.
Make any career decision with two thines in mind: (1) for the coo. of yourself and
your country, try to deveiop and use your skills to the utmost: (2) for your ovm
nood, go into areas which will profit ac the cost of oll and ras rise and the
availability of food declines.

Student Self-Test Questions
1) Do you feel that this module was optinistic, pessimistic, or realistic? Why?

2) Can American society use only half of the energy it now uses and still be the
place you want to live 1in?

3) List tlree good reasons for savin~ as much encrgy as you can.

4) List two pood reasons for asling others to save cnergy.
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[ Students shall indicate that, for the rood of our country, larpe

amounts of enerpy must always be availalble.

M atudents shall indicate that non-returnatle and excessive nacl-aging,
nurclases based on style charzes, and the use of poorly irsulated
homes all wasts laree anounts of enerey.

31 Students shall indicate a committment to askine others to conserve
enerry vhen flasrant over usace is observed.

31 atudents shall indicate that society should encourage
production of energy from non-fossil fuel sources, S0 long as the by-
products of the enercy production do not damage the environment
sienificantly.

32 Given a list of five occupations, students shall indicate jobs which
will have the hichest potential for making a pood livine ten to
tventy years from nov. :

Teacher Sugeestions

This paper is desierned to heln develop student attitudes which till h2lp our nation,
and themselves. The behavioral objectives indicate the concepts to he stressed as
the paper 1s discussed.

This would he a very cood opportunity to enphasize the preat importance of workins
in school now, and in loolins tovard the future. ‘fany Lnowledeeahle nen are saying
three thines about the remainder of this decade: 1) g world uice food crisis may
make the energy crisis insignificant: 2) 1% the food crisis does not drastically
affect the Unite? “tates econory, the ener~y shortare will wors.. yearly throuch
1977, at least* 3) people who do not ohtain intellectual, social, or corplex judpe-~
mental and mechanical skills will be unermployed rost of their 1ife. These pre-~
Aictions are base! on the decreasing per capita food production which is now appear-
ins, the lact of enough refinery capacity in the world to satisfy American petroleum
needs, and the increasing white collar and decreasin~ blue collar employment trends.
In short, the hieh school rraduate with no alility or intention to become sl:11led

in some area ill have a rough road ahead,

One way all of us shonld, and can, help allaviate the nossibility of eliminating
many jobs ‘later, ‘is to save enercy nos. nur savine now mill heln discourace waste=
ful enerny uses arl encourage habits needed in the future.

1f you wish to use copies of 'PL’s tips for savin~ enercy in the hore, call VPL,
233-1351., and as’ 'ir. I'al l'udson for as mary copies of Peddy Teserves “entor's
Cuide as you need.




n1)

n 2)

n 4)

Teacher
Module: 7 Paper J

Page 4

Student %el £-Test Ouestions
"o you feel that this modulce was optimiastic, pessimistic, or rcalistic? Vhy?

Promote a mood discussion of this cuestion by ~sking several students to state
and explain their views. Students should realize that this module was written
at a time vhen the future of our life-style is hanpgine~ in the balance.

If long, ranece planninr~, and immediate conservation is used and encouraged,
then the over-all module is optimistic. If we refuse to consider the future
results of present trends touard wasted enerpsy, vacillatine covernmental
policies, rapidly prowine world wide populations, and so on, then the over-all
module is pessimistic. e feel that, in kalance, the module is realistic.

Can Arerican society use half the ener~ry it now uses and still he the place
you want to live in?

nenind students of their work on auestion 2, Paper B, pare 4. Their answer
ten, should be the same now.

List three pood reasons for saving as much enerfy as you can.

(1) The energy saved now will be availahle for use later (if you also help
others save energy).

(2) The money saved can be used for other things.

(3) Small savines now may help the society adjust gradually to rrowing fossil
fuel shortares so that a catastrophic adjustment need not he made later.

List two rood reasons for asking others to save enerpy.

(1) ’lany people will begin to save enar~y 1f their consciences are josped.

(?) any people are not avare of the need for, or ways to, save enersy.

(3) Some people waste energy to impress vou favorably (hot rodders, overheated
stores, larpe nar owners, etc.) and will chanme their habits when they
find out that most people are not impressed favorably.
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The Field Trip
. Topics and Cor:cepts
Behavioral objectives 4-32 will all be reviewed during the trip, as puidca follow
the directions centainad in this paper.
TEACHER SUGGESTIONS
Table of Contents

Topico and ConceptB: o o o ¢ o o o o ¢ o ¢ ¢ o o .Sae pages 7-9

SungBticns for use of the two fiﬁld :tip fOrmSe ¢« o ¢ ¢ ¢ o ¢ ¢ ¢ o 0 o 0 ¢ ¥-1
"Requeﬂt. tc Ptincipal for Field Tripu EOYMe ¢ o ¢ o o o o o6 ¢ o 0 o6 0 ¢ ¢ o o K-2
"Darental Permisaion' form ¢ o o o ¢ o o ¢ 0 6 o 6 0 s s 0 0 0 e s 0 0 00 e K~3
?lanning for the SuUbStitute, o« « o ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o ¢ ¢ ¢ ¢ 0 06 0 0 ¢ o 0 o o R=h
Pra-iield tfin lacture sugaes LIONB o ¢ ¢ ¢ o ¢ 6 6 6 06 6 8 ¢ ¢ ¢ 6 s 0 0 & o 0 K"l.
meld trip tine 140@ ¢ o ¢ ¢ ¢ ¢ ¢ ¢ o 6 o 0 6 06 6 6 6 0 6 o e s s 0 s s 0 0 0 K=l
Dizections for t:ip S'Jideo ¢ & 6 0 8 0 8 0 6 ¢ 6 & o & & s v & s 0 0.0 6 s 0 0 K5

Usicg Field Trip Torus

"Raquent to Principal for Tield Txio" fora

Three copics of shis form puast be submitied for each field trip. They sghould be
submitted &3 carly as possible and- at least cne week prior to the trip. You umay

use the form on page K~2 in either of two ways: duplicate it the proper number of
times, £i11 in the required infermaticn, and turn in to your principal; or oLtain
the proper number of request forms from your principal and transfer tiis information
tO tto '

Plcese invite your principels to attend this tvip with you. It will provide thenm
a much bettor picture of the value ~f field trips thun could be conveyed in &ny
aunber of words. :

"parantil Parnissiorn” forma

Duplicate paga K-3, and strongly urge your studancs to have thed» parents rzad and
eipgn these sheets, Thoy ore quite impertant to the enntinuad sucecess of this nrelect
and in estadblisvaing some communication from you to the porents. e noed the
voluntears that are occacsionally picked up with this form, and the :ormunity stould
be awara of what the project and 4ts tcachers are doing with thelr studeats. Ve
also nead the emergency pione numbers in case & student should be hurt.

Bave tho nlass £i2] out the firet three Llank linas before sending tie fomns home.
Please bring the forms with ysu when boardimg the bus.
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g TEE TOPEXA PUBLIC SCHOOLS
REQUEST TO PRIMCIPAL FOR FIELD TRIP
Secondary Schools

Community resources are valuable aids to the instructional program. Careful planning
and proper follow-up are necessary in order to make the trip most worthwhile. This
form should be properly completed in TRIPLICATE and signed by the teacher and
principal., The orisinal copy is filed in the principal's office. The principal
shall send duplicates to the office of instruction and departmental supervisor,

Subject
School Department Science and Class
Date of Trip Leave Return lumber of Pupils

Description of Trip The class will study the Lawrence Kansas Power and Lipht plant

arnd will make a half-hour gtop at the KU electrical ensineering laboratories and

nuclear reactor center. The trip will last three hours and 25 minutes. Students

will be divided into aroups of 10 or fewer students and will be led by trained guides.

Objectives of the Trip All students will study KPL's production nrocess, safety

pracautions, economics, and pollution control facilities. The field experience will

expand and reinforce concepts developed throuch class experiments, papers, and films

used during the pre-trip and post-trip study of the '‘Rlectrical Production and

Pollution Control" module, Behavioral obiectives, classroom material, pre ond post-

trip tests are included in the module developed by the Environmentnl T.luaaii-a

Project.

tleans of Transportation _Environmental Education bus

Required Student Cost none

Teacher Signature Date

et e s a4 W g o

I approve the above request and accept the responsibility for the field trip as

stated in the suidelines on the reverse side.

Principal's Signature Date
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The Topeka Public and Parochial Schools
Unified School District llo. 501
Environmental Cducation Demonstration Project
Phone: 232-9374

The school science students in class
will be participating in a three and a half-hour field trip through the Lawrence Ki'L
plant, the KU electrical engineerin labs, and the KU nuclear reactor center on

. TFor two veels, the class will study scientific, social, and
econonic concepts followed in producin~ electricity and controlling pollution. This
trip will 1llustrate the new concepts. Transportation and leaders for the trip will
be supplied by the federally funded Environmental Education Project.

MOTE: A 5-10 minute portion of the trip will involve walking on eratingz 23 stories
in the air. Students are protected from falling by fences, and the well constructed
gratine, but the height and open air below the grating may upset some students.

Do you grant permission for this portion of the trip? Yes D 1o D

If you give pernission to take this trip, plear
answer the followins questiuns, and give your signature below.

Signature of rarent
Emergency Information:

Hlome Phone

Alternate Phone

Doctor's ila.e

Doctor's Phone

- en M S M @ e E ) G G 4 S G S G AP P AP NP e S G AP b an AP AR M) n M EF D @ B S & W S o & -

The Environmental Iducation Project takes students from all over Topeka on many
different kinds of field trips. If you would be interested in being trained to
serve as a volunteer to lead students on any of our trips, please indicate your
interests below. You would bz trained for any trip before being put in charpe of
a small group of students. You are also welcome to visit any trip. Please call
the Environmental Education Office, 232-C374, during the day 1if you wish to visit
any of our trips.

with trainins, 1 could help lead a field trip. Yes[ ] o]
I would 1like to work with: Sixth Craders|_] Junior liigh( ] Senior I'iph[ |
I would 1like to help on theie types of trips:

{useuns D Nature Study D ' Yater Study [:l

Geology E:] Industry [:l waboratories D

ilame

Address
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Planning for the Substitute

The substitute provided by our project is able to present Papers I, G, I, I, and J
and the accompanying films. Provide the substitute with lesson plans for each class
which would allow her to present meaningful and interesting material.

ilotify both the substitute and the students of the various discipline tools at her
disposal, for many classes prefer to harass rather than learn from a substitute.

Pre-trip Lecture Suzgestions

1. Remind students where they will meet the bus and the time for departure and
return to the school.

2. Students will te walking indoors and outdoors for two hours and will walk over
two miles during the trip. They should wear slacks and comfortable walking
ghoes.

3. Eat a nutritious breakfast and (in case of aftecrnoon trips) lunch. Students
with inadequate meals tire out quiclkly, and grumbling stomachs provide strong
conpetition for constructive learning.

4. Behavior during the trip: a) Groups may he assigned or selected at random by
the Environmental Education staff. b) The trip is an intensive learning
experience, so come prepared to work and laarn. ¢) No horseplay is alloved.
The heights and machinery are too dangerous to allow inattentive behavior.
The guides are under strict orders to terminate the trip after issuing one
warning. Students will not be allowed to endanger themselves or others.

Field Trip Time Line

The trip requires a full three houre and 25 iinutes to reach every objective, If
less than that time is available, portions of the trip will be trirmed from the
agenda.

Travel to XPL and disembarkinz time. . . . 45-50 minutes
our of the plant. « « « ¢« ¢« ¢ ¢« o ¢ o« o o o » 1 hour, 15 ninutes
Travel to KU Frgineerins Labs. « « ¢« « « « » o 10 minutes
Tour of Tlectricual Engineering Lab
and .fuclear Reactor « « « « ¢ + o o » « o 30 minutes
Travel to the school and disembarking time . . 45-50 minutes
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LEADER RVALUATOR DATE

Directions for Trip Guides

Flectrical Production and Pollution Control

The field trip for each group will be unique. The class will be divided (arbitrarily)
into groups of ten students or less. Each group vill have a different leader and
a different route, but all will try to meet the same basic goals.

These suggestions should help male the field trip as profitable as posaible;

1. Learn the students' names as quickly as possible, and call then by name
throughout the trip.

2. Vary your topics and pace.
3. Do not talk to the proup until all can hear and see what is being discussed.

4. Frequently ask a question, let students think awhile, then pick a specific
student (on a semi-rotating basis) to answer the question. Keep questions
moving and random enough that students never krow who may be called upon next.

The 1ist which follows describes tha activities, allotted times, and suggested
topics to be discussed at each point on the trip circuit. A check sheet format is
moving to help focus attention on the specific trip objectives.

Ceneral Safety Precautions: before entering the working area of the plant, give
students this information.

1. Students must stay close to the guiae at all times.
it

2. Students must not touch machinery 6r switches unless requested by the guide.
3

3. llo horseplay is alloved. One warninz may be given, then the trip will stop
for the entire group unless a teacher is available to remove the offending

student.
131

4. Point out that ycu are employed Ly Topeka Public Schools, and have studied

the unit for nany hours.
v

STOP 1 - Transformers

5. Ask what a transformer does (raises or lowers voltage, lovers or raises
ampt , .
i
6. Ask how a transformer works (rapidly switching electrcn flov in a coil of
wire creestes a mwoving magnetic field. The moving magnetic field causes

electrons in a second coil of wire to movae. )

ERIC T
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Ask students why the larre fans are on the sides of transformers. (The
changing magnetic field releases some enerpy as heat in the transformer's
iron core. The moving eiectrons in the copper coils also release some

energy as heat. The fans remove the heat.)
L

Asl: students why the transformevs are arounded (so that any electrical
leakage across insulators will be sent to the ground).
L

Ask students uwhy the snake ¢nd large animal fence surrounds the trans-
form:rs (to keep enimals from crawling into the transformers and shorting
out the system).

L

STOP I1 - ove down the walk 30 yards, and turn to look at the three large air

10.

11.

12.

STOP III

13.

cooled leads going to the transformer, and the three transmission lines
leading up the hill.

Ask why three wires come from the fenerator. Vhy not two or four?
| H

If the generator produces 24,0C0 volts, and the transmission lines carry
230,900 volts, which line is hooked to more coi s of wire inside the

transforner?
'!

TThich line carries more amperes of current?
H

= Llevator

Point out that the class will go to the twelfth floor to view the boiler,
and make sure thet all students are ready to 0. If one is going to get
sicl, leave him with the teacher's sroup.

i

STIP IV - Top of the Boiler

14.

15.

16.

ilote - (14-20, and 23-3¢ may bz done at level 6)

Note'the substation below and the high power transmission lines. Ask why
the poles are painted gray.
L

‘lote the coal pile--point out that it is a 90-day supply and ic South-

castern Kansas coal. (Price has risen 20% in one yeur.)
1

Ask studente what is good and bad abtout Southeastern Kansas coal. (Sood--
hizh energy content, short shippinpg distance; bad-~high sulfur content,
stripined--but reclamation beins done now, higher cost than natural gas.)
Emphasize that overall, there is nuch rore coal than zas or oil in the

world.

i
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Note the limestone pile. Ask its purpose in making electricity.
I

Note the oil storage tanks, vhich '0ld a 15~day supply of oil. This oil
looks lilke asphalt. (Price has risen 372 in one year.)
L

As) yhat oil, coal, and natural cas all have in comon. (Fossil fuels
made millions of years apo--when they are cone, they may never be
replaced: all are going up in price.)

¢

Point out the stacks of the #2, #3, and #4 units. Th:se units produce

30, 60, and 125 megawatts of pover. You are standing beside the boiler of
the #5 unit, which produces 400 megawatts.

n

{lalk. to the north side of the boiler.

Point out the Kansas River, the sewage unit, and the cooling tovrer blow
down outlet.
L

Tave students locate their position on the #5 generating unit diagram.
t

Ask students to suggest normal chanres which vould change the water level
inside the boiler drum. Trace the chanres through the cycle; (i.e. when
Goodyear turng on its nachines :ionday uworning, strain is put on the
generator, vhich uses more steam, which causes fuel anud water flow rates
to increase, which causes the boiler feedwater pump to worlk harder, which

brings the water Llevel back up in the drum).
i

ST2P VI - 'tove into the boileétr drum room.

24,

Point out the water level géuge on the drum and the heat. The steam is
at only 360° C., and is protected by three inches of insulation in most
areas.

n

Demonstrate the temperature of 362° by touching an exposed pipe with a
piece of paper. :lote that the water will be superheated to 540° before
it travels to the turbine.

”
:

Point out the fact that 24 tons of water turn into stean and rnove through
the boiler every minute. The boiler could run dry in less than a minute if
the many automatic and manual saf'eruards did not exist.

1 '

Point out that, except for spring and fall overhauls, the bLoiler runs
continuously, Ask where KPL would obtain water to make steam?
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STOP VII - tiove around the boiler to the south side.

28. Point out the metal straps which support the boiler, and ask students the

reason for this suspension.
L

29, Point out the reheat and superheat pipes, and ask students why the reheat
pipe is larger, when the plant diagram irdicates that it carries less

steanm.
H

30. Point out the expansion curves in tha steam pipes and ask students to
explain the reason for these curves.

L
STOP VIII - Move down to level six. Move to the #3 feedwater heater.

31. Ask students to locate the source of heat for the #3 feedwater heater in

the plant diagran.
L

32. Point out the five coal storage bins, which each hold six railroad
carloads of coal. Show students a sample of the coal dust which is
injected into the furnace.

H

33. Explain the procedure used to start the boiler's furnace. (Matural gas is
1it with a lighter much like a spark plug. For three hours, the heat is
gradually increased until the boiler walls, steam, and water pipes expand.
Finally, coal mills begir to grind, heat, and dry the coal. When these
mills are working well, the coal dust is blown into furnace vhich is now
hot enough to light the dust and sustain burning.)

7

~d

34, ilote the small natural gas pipes and large coal pipes leadinC into the
boiler.
L

35. tilote the large pre-heated air intake “ent.
H

STOP IX - llove to the vest side of the boiler, and stand between the exhaust gas
and heated air intalle tutes.

36. Use the poucr plant diapran to show tke relationship betvween the economizer
pipes, the heated air intake pipes, and the main body of the boiler. Have
students feel the walls of the two air vents, and note that two inches of :
i{nsulation are between the wvall and the heated pases.
bl

37. Point out the scrubbers ind ask their purposes (scrubbers cemove GOZ of
the sulfur and 99% of the ash from the flue gas).
Il
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Ask how the scrubbers work (limestone is heated with coal to produce a
chemical (calcium oxide) which dissolves in water and grabs S0, molecules.
As flue pases are forced through a water tath, this reaction occurs.
Cvpsun (calcium sulfate) and ashes accumulate in the water, and are sent
to the ash pond.)

].'

STOP X - ilove up beside the exhaust fans and stack.

46,

STOF X

Use the plant diagram to point out that the air coming out of the scrubber
is heated to evaporate water droplets, and is then blown out of the stack.

Fans are needed to suck the exhaust gases out of the boiler.
H

Asl: vhy the scacl:is must be so tall. (So that any remaining gases will be
so diluted that the envi!ronment will not be hurt.)
1

Point out the cooling towers, and ask their purpose. (They cool condenser
water to tie wet bulb temperature of the air.)
H

Asl: why Fansas Pover and Light doesn’t just filter river water, run it
through the condenser and return it to the river. (ilot enoush water in the

river in summer and the waste heat would change the river's ervironsent.)
Il

Point out water treatrent basins and ask vhere the treated water is used.

(later soes to the condenser to rcrlicz evaporated water.)
U '

Ask where water used to mzle steam is obtained. (Very little boiler water
is needed compared with the condenser water. City water is used after

it is distilled to remove impurities.)

I

Point out the ash ponds, which contain material from the hase of the boiler
and from the scrutbers. This is solid waste, created by air pollution
controls end by the ashes which are always produced when coal ig burned.

H

Point out the feet that adding limestone to the furnace, usinz the
scrubbers, stac!: ras reheat coils, and the cooling towers all reduce
efficiency. The total enersy drain is about 62 for use at the genarating
station. This means that 67 of the electricity produced is used to control
pollution, and 947 is sold. In additicn, the costs of building the
pollution control equipment make up around 15-20% of the plant's cost

and the cost of the lost energy, additional fuel and maintenance expenses
run about 15-20% of the total production costs.

H

=Stop briefly at level IV and look into the boiler. 1If gas is Leing burned,
note the ashes, boiler pipes, and super herter pipes in the hoiler.
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STOP RXIT - Turbine Room—in the northwest cormer of this room, review the thinge

47.

48.

49.

50.

Sl.

52.

53.

54.

ycu will sce, using the power plant diagran.

Point out the feedwater heater and the rgheat steam lines and ask how

these are used to increase efficicncy. (Using heat from low pressure steam
in the feedwater heater saves the heat contained in the stecam by heating
the water to make new steam. Reheating medium pressure stear allows
greater energy transfer to the turbine blades.

o

Point out the wain turbine with its increasing dimensions from front to
back. Reemphasize the expansion of steam as its pressure drops.
H .

Touch the low pressure turbine exhaust case and contrast its temperature'zﬂ
40° C. with the temperature of the superheated steam (540° C.).
K

Point out the gemerator, and ask what is ingide the cover. (A spinning
magnet and three very large coils of wire.) ‘
i

Point out the D-C generator and as® vhat its use would be in &n A-C
generator (powers the electromagnet).
L

Point out the separate foundations for the turbine and generator and ask
why. (Vibration would destroy building and the mass of the generator and
turbine requires their own support.)

L

Point out the boiler feed pumps which place water under 2,400 1lbs/inch of
pressure and send it to the boilers.
L

Ask why the turbine and generator are so loud. (Turbine is ‘oud from
vibration and the rush of steam as 24 tons a minute entei under 2,400

pounds of pressure, move through the 30 whezls and 4,900 blades at 400

miles per hour. During this rush, the steam expands to 700 times its origi-
nal volume and makes noise. In the generator, hydrogen gas is used to

cool the coils and provide the spinning magnet with less resistonce, and less
noise potential.

L

As!. wvhy all of the heat energy in steam is not changed to mechanical energy
in the turbine. (After the stean loses most of its pressure, it still
contains ruch energy, but the ability to push iz nearly gone.)

b
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STOP XIII - ifove upstairs to the contrul:room.

'.
.

56.

57.

61.

62.

Point out the generator and boiler control panels. llote that red means
“ingervice" and gRreen means ''out of service.'’

H

Point out the TV receivers, and emphasiire their value in terms of the
instant feedback needed to control the boiler.

|

Point out the alarm panels, and ask the shift foreman to run a test of
the alarm system,
i

Introduce the requirements to work in this plant: high school educatica, -
color vision, mechanical interest and ability, and a atable psychological
profile.

i

Point cut that most KPL jobs require extensive training. In this plant,
a'most everyone starts as a shift foreman's helper. This pays about $3.50
per hour. Eventually after five promotions, a few men reach the level of
shift foreman, and make $6.50 pcr hour. Ifen on shift work two weeks during
the day, move to two weeks of evenings, and finally to two weeks of nights.
H : '

To get higher nay requires an engineering degree, or some very specialized
skills. Two engineers have over-all control of this plant. KPL hires

about 250 semiskilled laborers (janitors and apprent<:>::; 8CC very skilled
craftsmen (linemen, welders, etc.); 300 secretaries; and about 150 people
with college educations, such as lighting designers, professional engineers,
and office managers. ifost jobs require good math ability and the willingness
to start low and work up. About 200 new neople are hired each year.

k

Ask how much of -KPL's budget goes to labor, taxes, and fuels and materials.
H

Ask vhere KPL's profits gc. " (To siccuiiioliers &t dividende, =od as cipital
to purchase new equiprient.)

H

Ask the shift foreman to explain the hold cards.

L

Ask the shift foreman to explain the ~equence fol‘vﬂnd wvhen an alarm goes
off. Be sure to bring ~u% the poins hatr (he Yeowaen a2t gtay at the

panel at all times, and i.~t Ls ﬁtfﬂfva LR R T+ ﬁ, -er 3, and lower-
level operators to do the rcpair work ia the rlant.
L

STOP XIV - '{ove down to the condenser level

Point out the condencer and circulating water pipes. Review their function
in producing electricity. (Create a very strong vacuum at the exhaust port
of the turbine.)

i
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Point out the separate foundations for the generator and tufbinec, and
note the electrical lines leaving the generator.

Note the water control gauges.
H

STOP XV - Move near the 1937 generator.

69.

74.

STOP XVI
75.

76.

Ask students why the boiler water must be extremely pure. (As water boils,
it leaves behind any impurities. When 44 tons a minute boils, impure
vater would quickly leave behind deposits. KPL continually checks the
boiler wvater to make sure that the condeuser water is not leaking into it.)
I

Ask students to trace the flow of water through the plant using the diagram
and to indicate how KPL improves the plant efficiency at each point.
L

Point out that the 1937 generstor runs on the same low emperature and low
pressure steam which powers the low pressure turbine of the number 5
generator., .

L

llote that this is a 10 I'W generator, and in its day, it was a modern, up-
to-date power station able to supply most of the electricity to this area
until 1951.

L

Use the bar graph .hgwing‘the'hawrence KPL generating capacity, and point
out the generators added during each time period. Sliess the average
doubling period of 8-10 y=ars.

H

Ask students where KPL obtains the money to build the new generators.
Stress that capital is the money left over after taxes, wages, fuels, etc.,
are purchased. Capital comes from profits, stocks, and loans.

- Move to the bus, and ask these review questions.
Energy is transformed through many forms as the chemical energy of coal
turns into the electrical energy in vour home. Ask students to give the
sequence of energy changes and the places they occur. (Chemical energy in
fuel—> heat energy in the furnace——> heat energy in the steam——>
uechanical energy in the turbine——> moving magnetic energy in the
transformer——> electrical energy in the transmission line.)

H

List four things that help increase the plant's efficiency. (Using high
pressure, super-heated steam; using the condenser to create a vacuum;
using the ‘eed waver heaters to transfer steam heat to the boiler water;
using the cconomizers; and preheating the boiler air.)

i

List four things which lower the efficiency of the plant. (Scrubbers;
exhaus* gas re-heat coils; stack gas fans; water cooling towers; and hot
temperatures which raise the condenser temperature.)

H
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KU Tngineerins laboratories, split into your original s1 .- and quiclkly
move into the laboratories. One aroup should move to the electrical
laboratory, one to the control panel nf the nuclear reactor, and one to
its base.

STOP XVI1 - Base of the nuclear reactor.

73. Point out that some materials contain radioactive atoms, and that other
materials can be made much more radioactive. Review the diagram of the

neutron chain reaction. Pnint out that many atoms will change after

being hit by a neutron.

I

79. Explein how the nuclear reaction rate is measured (by allowing neutrons to
strilre atoms of 3oron. The Boron atoms produce alpha rays which create
a flow of electricity between two charged plates in a peiger counter.
The areater the flow of electricity, the more neutrons are present.)
L

80. lleasure' the radioactivity of a new style and old style dime. Then insert
them into the reactor, and remeasures their radioactivity. Point out

that the incrcased radioactivity was caused by neutrons hitting the silver
and changing the silver atoms. The dimes will soon return to normal.

R

81, ‘'fove to the to} of the reactor, and caution students atout dropping pencils
(etc.) into the water.
It '

92. Pcint out the control rods, fuel elements, water, ard concrete thickness.
Explain the furction of each part. (Fuel rods contain uranium, or
plutoniun; control rods contain boron which readily absorbs neutrons:
water slows down neutrons so they may be more readily captured by uranium
atoms to cause fission; and the concrete walls and water absorb most
nuclear radiation which could damage people.)

B

03. Asl» what would happen if the water was drained away from the core.
(‘lothing~-the water would not slow the neutrons, and no chain reaction
would occur).

|3

84. Uatch the Cerenkov Glow, and explain that gamma rays hit ~jectrons in
the water, and the energized electrons release 1light, which produces :he
glov, '

L

£5. Point out the log and indicate that extensive records are lLept. The
Atomic Cnergy Cormission demands a detailed explanation of every deviation
from the rules acreed to when the plant was licensed.

34

86. Point out that four neutron detectors continuously monitor the population
of neutrons in the reactor. Three automatically shut off the reactor if
too many neutrons are present.

H




Paper K

ilodule- 7 Page 14

STOP XVI1

Indicate that this reactor is used for biolopical and chemical research.

as well as for one of the few prooraus which trair health physists.

Pealth physists help plan reactor operation to eliminate danger to people,
and they help in nuclear emergencies. Some examples of current research
include using the reactor to analyze oil for sulfur content, and measuring
the sodium content in various parts of animals. In both cases, chenicals

. Which are quite 'hard to measure accurately are' bombarded' with neutrons,
become radioactive, and release particles which allow accurate determinatiorn
of the chemical's population. -

I

- The electrical engineering laboratory.

Explain how an oscilloscope worl:s (a beam of electrons shoots through the
machine. As they pass between two charged plates, the beam can be bent if
the charges are not balanced. 'his bending force (electrostatic force)
chances as the electrical characteristics of the input line vary.

4!

Shovr students that a magnet can deflect the electron beam,
I

Show that the electron heam can be set to sweep across the screen. This
allous changes in the electrical input to be shovm as a function of time.
K

tlove a bar magnet bacl. and forth through a coil of wire hoolied to the
oscilliscope. Show the alternating direction of the electror flow as the
electron beam is deflected first one way then the other. This occurs
because the electrostatic charges on either side of the electron bean
reverse vhen electron flow direction reverses in the generator.

F

iook up a gencrator and make the same demonstration. Point out that in
this case, wires are moved through the magnetic field instead of vice
versa, ags out at KPL.

L

llook up an AC current to show the wave characteristics of its clectron
flow.
|3

Point out that, if the students enjoyed worlking with all parts of this
unit, have above average math ability, and enjoy solving practical
problems, they might wish to become engineers. Engineers make up only
5% of the KU graduates, but have some of the highest salaries and a
very consistent job market. In addition, many of the top executives of
large corporations are engineers.

H .
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GLOSSARY

Alternating Current: An electron current which reverses its direction of flow
rapidly.

Ampere: The rate of electron flow. One ampere = a flow of 6.25 X 1013 electrons
per second.

Atoms: The tiny particles vhich make up all chenical elements. All atoms have one
nucleus and one or more elactrons.

Boiler: The portion of the power statior in which heat is released from fuel and
water is boiler!.

Boiler Feedpump: The water pump which controls the pressure and rate of water flow
in the boiler.

Breeder Neactor: A nuclear reactor vhich produces heat energy and new atoms which
are able to fission using neutrons released from uranium 235.

BTU: The quantity of energy needed to raise one pound of water one Fahrenheit
degree.

Calorie: The quantity of energy needed to raise one gram of water one degree Celsius.
Capital: lioney remaining after wapges, material costs, taxes, depreciation, and
interest is paid in a business. Capital is used to modernize and expand the

business.

Condenser: The portion of the peneratins station which cools low pressure steam to
' create a vacuun at the turbine's exhaust port.

Nirect Current: An electron current in which the electrons flow only one Airection.

Demister: The set of plates which remove o8t water in air comin? from the nmarble
bed in the scrubber.

Depreciation: The loss in value which occurs as equiprent wears out.

icononizer: The hanl of tubes nused to transfer boiler exhaust fas heat to the
wvater entering the rain part of the boiler.

Electricity: The flow of electrons from one point to another.

Electron: Tiny particles which act lilie magnets, carry a nesative charge, and move
around the nucleus of an atomn.

Electrcetatic Attraction: The force bhich nulls two objacts with opposite charges
(+ and =) together.

Enerpy: The ahility to do work. Whenever aaything happcns, energy has been used.
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Fission: The splitting of an atom into at least two smaller atoms. A large amount
of energy is released as this division occurs. o

Fossil Tuels: Tuels composed of partially decayed, hichly compressed, and very
old plants. : '

nenerator: A machine which consists of a macnet spinning by coils of wire to create
an electric current.

Geothermal: Tcat from the earthi. Geothermal energy reaches the earth's surface
in volcanoes and hot springs.

Cross ;'ational Product: The value of all ~oorls produced by a country.

Il'ydroelectric Plant: An electrical plant which uses enerzy from falling water to
turn turbine hlades which pover the ~enerator.

Linear Scale: A scale with equal space between each identical increase in ocuantity.
Log Scale: A scale with space assigned according to the number of times 10 must
be multiplied by itself to equal each increase in quantity. Two divisions of
the scale separate 190 and 1,000, or 130 and 10,000.
Magnetism: The ability of one uncharged maferial to affect another thing's electrons.

Mleutron: An uncharged particle found: inside the nucleus of an atom.

I'ucleus: The very dense core of an atom vhich contains positive charged protons,
and uncharred neustrons. :

Pollution: ‘laterials out of place and damaging life, insulting senses, or threaten-
ing to harm the environment. '

Power: ' The rate of energy usage. Powerful things use nuch energy in a short tine.
Profits: The money and goods remaining vhen all bills due are baid.

Radioactive Decay: The change in a nucleus when small particles or lisht rays are
emitted and one new ator is createc.

Resistance: The opposition to the flow of electricity.

Scruhber: The air pollution control unit which removes most ashes and sulfur dioxide
from exhaust mases by "gerubbine’’ the pases in a water filled marble bed.

Thermal Reactor: A nuclear reactor whicl reduces neutrons released from uranium
fission to an energy level equal to heat rays in order to cause new atoms of
uranium to fission.

Technoloey: Science applied to industry'to create new products and new wvays of - -
controlling production.
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Transformer: A machine which allows the moving magnetic field around one coil of
wire with an alternating current to create a new alternating electric current
in anuther wire.

Turbine: The machine with blades desifned to turn under the pressufe of steanm as it
expands and cools.

Volts: The pressure vhich pushes electrons through a wire.
Watt: The amount of power used to push one amp with one volt of pressure.

Yatthour: The amount of energy needed to push one amp with one volt for one hour.
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