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-ENVIRONMENTAL EARTH SCEENCE = Lo

Ty, ' .
X - - Epvironmental Earth Science" is &’ new courke developed at The Unf\grsity

of Texas at Austin by the Department of Geological Sciences and the Science

R Education Center. Jt is offered at The University of Texms at Austin as

' Geology 361K and has been tried out during the spring semesters of 1972, 1973,
197k, and 1975. Revisions have been made ag necessary after each tryout. The

- project within which the course has been developed has been supported by the

+ National Science Foundation. .

i

AR ‘ The course incjudes le¢tures, discussion sessions, and individualized
Learning Carrel Lessbns. tensive use has been made of multi-media technology -
" . . in the presentation- gf the couxse.’ Learning Carrels for indivigualized instruc-
tion have been especlally designed for this program. The Lectures introduce
, specific topics, suggest problems or questions, and provide background infor-
S mation. The discussion sessions provide the student an opportunity to ask
"questions and clarify ideas. The discussion segsions also pravide input -and
feedback to the instructor. -
The Learning Carrel Léssons have been ﬁritten by faculty \snd graduate stu-
. dents in the geological sciences and in-science education. Wridars and resource
‘ contributors include Dr. Robert Boyer, Dr. Rolland Bartholomew, Dr. Keith Young,
, . Dr. Samuel Ellison, Dr. James Underwood, Dr. David Butts, Dr. Addison E. [ee,
( David Keller, Melanie Lewis, Wayne Schade, Ann Lee, and William McLoda. Tech-
nicians{involved in production of scripts, sound, and photography were Stan
| ) Prescott, Lee West, Charles Geffen, and William McLoda. Artists were Jesus
*;__Rivas, Alice Canestaro, Aly Knox,. and Javier Flores.
[ 24 : ¢ . .
: ach Learning -Carrel Lesson consists of a get of 2 x 2 slides, an audio ~
- casgsette tape, a study guide, ‘a script, and other materials necessary to the
lesson) The study guide and script are in this booklet... Students may set their
own time schedule within an announced perisd whgn.slides and tapes are made
" available. X . - -
“ v . .
The student should note the list of Learnihg Carrel Lesson topics to p;ace
in proper toptent the: lesson in this booklet, and then read carefully the in-
. troduction, rationale, prerequisites, and ,lesson objectives in the study guide.
' Thé student should follow the inatructions in the study guide for the entire.
: leason. In some instancés, these instructions are also repeaﬂed on the audio
\ cassette tape. The slides and tapes have been synchronized to automatically .
- advance the slides appropriate to the audiotape. Hgpwever,' there is a tone
sfgnal g&lven before the change of each slide so that the lesson can be used
‘ outside of the carrel if Lutomatic facilities are not available. When the
0 student is ready to start the lesson, the "or" switch should be pushed. If
the slides and tape are operated manually, both will need to be turned "on."
The first slide is Always a title, slide or a blank solid colored slide. If
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}  the slides and tape are manuallf/;perated, this title or blamk slide should
: be on view befores the tape’ is atarted. For automatic operation, the slides
-and tapes will be set up by the Instructor or Proctor before the lesson and
. between each use. It is most important to start each lesson according to
these instructions in order to provide synchronization of the slides and tape.
Remember that slides pladed;invtho~txaymtoéhe~usedmwith~a~rear-viaVMpcrcen~r~~"”m—“wmf
are reversed from those to be used with a front view scrden.

The student will be instructed by the study guide and/or the tape to
stop at various places to carry out certain activities. Usually the audio- | -
tape will say, "Please stop the tape now and restart only when you have - -
finished this exercise." Therefore, the student. should wait a few seconds
to finish hearingsgghe instructton after the word "Stop." However, one should
not wait long enouh for the tone signal or automadtic change to the next slide.
This signal should be heard after you resgtart the tupe. If the lesson is
moving too rapidly, the student may stop the tape and slides at any time to,
consult the study gulde or script, but it is NOT POSSIBLE to back up and
re-examine a given slide without completing the entire cycle of the leason.

It is particularly important for the student to carry out the instructions
for gctivities given in the study guide. In order that & record may be main-
tained of these activities, each student should pick up a copy of the STUDENT

R RESPONSE .SHEET which include questions to be answered and the other activities
requiring responseo. These should be completed and turned in to the instructor
\\\ as required for grading, feedback for the instructor, and to provide-a basis
for student interaction in the discussion group.
. -
Each Learning Carrel Lesson is independent within the context of the course.
Some of them provide direct information on a given’ topicy but in an individualized
mode requiring some activities and thought ‘on the part o} the student. Qthers
Place the atudent in a role-playing situation where some pogition must be taken
on provocative questions or issues.' Others deal primarily with applications of
environmental information. In all the, lessons, the student is expected to receive
+ basic 1nformation that is coordinated with the lectures, the 8mall aroup dis-
cussions, and the readings.

<
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TO THE GTUDENT:

- This booklet contains two sections: (l) the Student Study Guide
for thias lesson, and (2) the Script or printed copy of the discussian rec-

1
.

You are expected to begin with theggrinted instructions in the
utudy Guide and follow them continuously as you studx,the;}esson. In many
instances the same or similar instructions may also be heard on the audio .
casgette tape. Refer to the script only if you need to refresh your fmemory
as to gomething that was gsaid. The gcript: is provided because you cannot

. back up the tape if you need to review something already said on the tépe. .

Specific instructions will be given in the' Study ‘Guide as to when
to stant and stop the tape. Do not restart Z?e tape ntil instructed to do
so in the ¢ tudy Guide, ’ : ' - *

! Questions requiring written answers should be completed on- the
STUDENT RESPONSE SHEETS provided by the Instructor.

. -
13 . . -
R . _ S

h' INSTRUCTIONS :

1. Read the IntroductionJ>Rationale and Objectives for this lesson »
that follows. If you have’ questions, check with the Instructor or Proctor.

/

INTRODUCTION :

Water is so plentiful for our personal needs we seldom think'of i€
as & natural resource. However, when man needs water and does not find it
readily availables wvater becomes a precious natural resource. Another aspect
of water that we often forget about ‘18 its costs. Monthly water bills are

_ higher than they used to bes but the amount peid for all the water we uge in

our homes is a small percentage of our total living expenses. ‘ 3

] /
- Is water conseryation e problem worth(considering? Is water quality
of importance:to us? Is there a water shortage? How is men using water and -
how does this use of misuse of water affect man? - In the future will man find ¥
other sources of water? 'This program will introduce you to some of the apsvers
to thease .questions. : ' ) .

L) . ’

RATTONALE:: - .. X
Because water is so basic to all of man 8 activities, it is worthy

of study as a natyral resource. In fact, geologists studying some petroléum ' .

.preducing areas have proposed thau‘the water resources in these a;eas may ‘be

worith more money to. the owner than the oil that is currently being removed. ' .

4

’

orded on the audiq casgette tape. ... .. U S
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_ The need and cost of water is increasing at a rapid rate. If man is
to make erCtdetidye use of this natural resource, he must learn to treat it as a°

‘precious resource -- something to care for and use- without wdgte.j) Thérefore,
the focus ©f this program is on man's,fse or misusé of water -- a natural resource.
VU SR _._,._*).,,,,_, e e e __ - e e i e e e e o - [ S

] , . s
OBJECTIVES OF THIS LESSON:
. After completing this lesson you should be able to::

1. Jidentify areas where water is precious or bountiful depend-
ing upon how it is .used '

o

descnibe where large cities get theft water ' N
' \, \&- -

3.1 five factors affectﬂng the water qualitx,where -
. You T , ' )~
/ v
’ bﬂ class%ty the maJor factors affecting water quality in one

v of three’ categories - physical, chemical, or biological
factors g

. define vater pollution
explain five’ basmc steps in mun}cipal water treatment

)
6
\J. describe a solution fgr wat&r shortage Jproblems in .
cities and agricultural areas

. 3. explain two sources of water that will be availabl& to mer
' ‘ - 1in the future -

.“"i: i . ' . . '
. AR L \ '

\" o -~ ‘

‘ b INSTRUCTIONb \

4 »
2. Start the audio oassette‘tape and slides. (For manually operated
sﬂide carousels, be sure the slide en the screen is the title slide or the
(blank colored slide in glot number one. Otherwise, the slides and tape will not
be synchronized &kmever, in this barticular lesson, the first slide is neither,

v gt has a message. ) Relax &nd listen to the music for the next 15 slides and

you are told to stop the tape! Then S?OP THE TAPE AND SLIDES, and follow the
instructions that follow. °® ' ‘ .

S ~ :
” INSTRUCTIQNS': o . o C .
: . . : A . . ’ ’ \ : ‘
- 3.'\Restart)the audio cassette tape. -Listen to the tape and view the .

next T slides. Ldcate the appropriate STUDENT RESPONSE SHEET abd check t .
appropriame spgce under Frame 1 on your STUDENT RESPONSE SHEET. Each slide will "
\v be on the screen fgr sevep seconds and the tape will net stop ﬁuring these "shgwings.

‘ - | e '.'- N ) >
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Frame 1
Identity the tollowing slides 83 precious or bquntiful, (USE STUDENT:
S - RESPONSE ‘SHERT) =~ T y
. . 5
v - Slide: Drawing water .from well

= : . Slide: Children playing in fountain
Y . y \ < . R :

‘ ' $lide: Baptism scene .

Slide: Cover of Lawn Care magazine

'Slide: Windmill - _ N
- ‘ Slide: Washing clothes .
¢ . ' , . :
- . Slide: Family in bathtud

Slide: Woman washing at sink

*+ N ' ) | & . ' . . K
N '} N ’ i R ‘
P srrocrions: . o K

_ b ‘Fol lowing the slide showing a wom&n washing at a sink, restart

the audio cassette tape. Listen to the tape and view the slides until reference
is made to Frame 2 and you are told to stop the tape. Then STOP THE TAPE AND
SLIDES. Study the factors that alter the composition of water identified on

the next page and’ complete the activity under Frame 2. List your sslection of
factord on your STUDENT RESPONSE SHEET. . '

AN

Frame 2 | : . . | .

| o NV ‘
You are probably surprised to learn that there are 80 many factors that alter .
the composition of water ag listed on the next page. From This list of 22 factors,
select five factors that are 'most likel to affect the water quality where you

- liv:«and rank the five factors by placi g the appropriate number in the space
s ided on your STUDENT RESPONSE SHEET.\ Also list the least important factor.
’ N . . . - Lol
\ * A ' ' ol
o . o = ‘ ‘
‘ ¢
A' . .' .
. L ~ _ '~
l‘ ™ . i ‘o
9 ’
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POLLUTION ENTETS THE WATLR CYCLE The thyee primary stages in the Tydvologic Corln are (A) Eramorn
; ) . - tion, (B) Condensation and (C) Precipitation. ' | :?
Here arc some of the factors that alter the compotition of water. E-
(1) Dmg"mr‘ﬁclva and gases are filtered out of the atmasphrre |po
by falling snow and are trapped in the snow banks.
(2) Radioactivity in the atmosphere is usually carried by minwte
. dust particles at high altitudes,
(3) Flowing water erodes rocks and soil, adding suspendcd solids
e e the vber e o o e : N
= . (4) Trees transpirc terpene gus as well as moisture.
(8) Mine acid wastes have a scverc effect on the pH and the chemi-
cal compositipn of the water into which they are discharged. |
* ‘ (6) Industrial gnses are washed from the atmosphere by falling '
! ] rain and snow.
' (7) Crop dusting, an economical farming practice, contributes to
' ' botk air and water pollution, .
. (8) Rainwater leaches chemicals from the soil and from decaying
vegetation and these soluble materials are carried along in
- . both surface and ground water,
(9) Natyral adration by rapids and waterfalls activates changes
. in thw di ges content of the swwater.
rial waste waldx can vary greatly in its composition
spending upon the indMgtrial use of the water and ‘the waste
tye ocesscs empldyed, ' '
(11) Dust particles canp by/winds condrift great dislunces be-
: fore being redeposited.
(1% Large quantities of soluble fertilizer salls, plus insecticides
¥ and herbicides are washed into, surrounding water supplics.
. (13) Barnyard wastes comtribute both organic and chemical pollu-
v . tants .
(14) Domestic septic systemz ultimately pass to ground wa’ » !
© supplies, b .
(15) As wells draw off usable ground water, wndesirable brinc .
can entcr the water table' from marine estuarics and the sec.
«  ~(16) Heat laden waters from power plants introduce - thermal i
! potlution, : :
(17). Marsh gas (methane) is manufactured naturally below the '
" surface of marshes and swqmp lands.
) ‘ (18) Mpynicipal water treatment plants must be carefully managed
io‘n‘cvcnt theiredischarge fron causing a discase outbreak.
. (19) Storm sewers carry away wat,c-r that has bathed an cntire city.
. } . - . (20) Particles- of salt from marine wave action are carried to
.o &g, 7 This unigue _velrsio(r; %[ thel H A rologtcN yc!e;l shows the v amazing Reights by coastal wind currents. .
major sources of chemical an yygical pollutijon. te the important ' . . .
t'ntnnrcnm‘onshn{)' between air pm lution and u?alcr pollzqn‘o:z.p Man- - (21) /Aufo,motgva exhatsts are conh.nually adding hydrocarbong th:t
. made polintants upsct the balance between natur pollution factors v -“are adsorbed by the moisture in the .atmosphere.
and xatural purification proccsses. . (22) OQil lcaks from vessels and offshure drilling operations ean
o : . . be¢ dizasterous. _ S
_: ' 17 ~ \

. ) o 16

o (Rcfefénce:, Dr. Charles E. Renn,
L ERIC » Chestertown, Maryland, 1969)

\ S 1 . L L. ‘

IToxt Provided by ERI

‘

,’LaMotte Chemic#l Products Company,

% s
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- INSTRUCTIONS: -, % | o \
( ! ) ’ - . b
5. Restart the audio cagssette tape. Listen to the tape and ST
. view the s : Y -3.of. your Study_Guide, .
thed STOP THE TAPF AND SLIDES Answer the question under Frame 3 .on your °
STUDENT RESPONSE SHEET. . * ' )

-
-

. \"' % , . P
N &

Y] :vsrmucrions:

6. Before starting the tape look at Table I in Frame 4. You will
be asked to complete this table by using the information shown on the rfext few

glides. BRestart the a@&zcw but stop the tape after each 3lide
(5 slides) and £ill in the inform n in.Table I on your STUDENT RESPONSE

SHEET:. Then continmue to the®™gext slide.

Start the tape when you are ready.

. /( ’ ) - < r)ﬁ{
, ) eg“_\i‘)’
Table I T

Factors Aff;ecting Water Quality

0 w
[ . i

¢ : :
Physical Chemical ‘Biological ¢
Factors ﬁFactors . ‘Factors
’ ) , -
etc. etc. etc,

You will Wmeasked to check your results with a completed Tabie I shown on the (
next slide. STOP THE TAPE AND SLIDES and check your results, ' '

- ! x

~mssrnbcmons:, e o

T. " Restart the audio cassette tape. Listen tJ- the tape-and view ‘the
slides until reference is made to Frame 5, then STOP THE TAPE AND SLIDES. List

~ the steps in treating water for drinking purposes under Frame 5 on your STUDENT%
RESPONSE BHEE;P

Y
. d
-
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' 8. Restart the audio cagsette ‘tape. Listen to the tape and view
the slides until reference is made to the Texas Water Plan and you are told
to stbp the tape.‘ Then:STOP THE TAPE AND SLIDES and study the Texas

Plan as described on the following pages under Frame 6.
~_ . “..
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_ INTRODUCTION A

" .
Water planning is a means to an end and not an

end in itself. Its objective is the development of water
resources as effectively and economically as possible to

meet man's nedds while at the same time protécting him.
“from flooding snd periodi€ drought. The high dams and

man-made rivers that stand as monuments to man‘s

- ingenuity and technical skills conserve and distribute the

water which is vital to his life and well-being, and shield
him from its detriments. These works are conceived and

TEXAS WATER PLAN -

planned to qvercoms the sometimes severe disparities -

between water resources as provided by nature and the ,

.timing and places of man's needs for water supply.

In the past, Texas citizens generaily have been able
to live wherever they: chose without concern for‘the
availability of water. Where other resources were avail-
able, a water supply was also generally available, either
in the immediate vicinity or at relatively short distances.
People settled, developing ‘these supplies where they

~ were, found; investments were made, economies

develgped, and social and cultural values pccumu{ated to
the benefit of all citizens of the State. .

. Texans now, however, are ablg to see the limits of
the State’s developable water resources. Seeing these
limits, fecognition has also come that wise use of the
available water resources 'is vital to the ¢ontinued
expansion of Texas population, economy, and culture.

By far the bulk of the water resources remaining
available for development in-qu;(as ocours in the East
Texas river basins. By contrast, large future water needs
wifl occur in areas to the west and southwest, several
hundred miles distant, and in some areas.over 3,000 feet

higher -in elevation, where wallabie'water supplies are

limited and diminishing. Cities and industries in many
areas throughout the -State will need “more water or

. water of better quality than can be made available from

local fresh water sources,

Furthermore, studies’ for the Texas Water Plan
show conclusively thaw presently _ available water
resources sre grossly inadequate to ‘meet Texas' futute
economicelly justified water nesds. Importation of water
from out-of-Stste sources will be essential. Without it,
retrogression_must inevitably q&ur‘m some sectors of

" the State’s economy, particularly ‘.qicultun and asso-

ciated agribusiness, with attendent severe socis) prob-
lems of unemploymestt and forced population reloce-
tion, and loss of findncls! Investments.

I4 : -

~

As » result of the Texas Water Plan studies, the
Congress has authorized the U.S. Army Corps of
Enginesrs and the U.S. Bureau of Reclamation to
investigate a possible import of water.

The Bureau of Reclamation is conducting studies
of importing surplus watsr from the Mississippi River
System into water-deficient areas in West Texas and
eastern New Mexico. The Corps of Engineers is partici-
pating in these studies to determine the svailability of
water from the Mississippi in coordination with affected

. States,” the locations and types of conveyance channels

fequired for movement of water to thess watar-daficient
areas, and the #ffects of such withdrawals and convey-

ance facilities. The Corps of Engineers was authorized in

May 1966.als0 to determine, in“cooperation with other
Fetleral agencies, whether any modifications or additions
should be matie in proposed Federal projects in relation

to the Texas Water Plan, and to détermine the effects of -

upstream developments on pollution or changes in
salinity in the bays and estuarigs and to recammend such
improvements as are necessary to maintain or improve
the quality of water‘the bays.

Concurrently, the U.S. Geological Survey i-s con-

“du'c,ting a study of the Ogallala Aquifer in the High

Plains of West Texas to determine. the hydraulic and"-
hydrologic conditions in the aquifer impdrtant to its
ef{ective utilization in conjunction with an imported
water supply. . "

By 1972 the above Federal agencies, the Water
Resources Council, and the Office of Water Resources -

" Ressarch will -have spent several million ~dollars for

studies and investigations including the potential import ’
of water to Texas and esstetn New Mexico, and the
conditions of the Ogaliala Aquifer of signilecance to
-continuing use, ) -

Texas must continie to bear its full share of-
responsibility for developing and implementing plans for
water import, snd providing for the equitable distri-
JDbution within Texas of  waters now. or. potentially

“available for- use. Singe August 19684, ths State has.

expended approximately $70 million in these planning

“activities. The time has now coms to decide whethet this

investment in-the future is to bear fruit or to be thrown

aw.v. - . ~ IS

. Statewide "blanntng on a cotnprihonsive 'long-
range basis provides'a guide for. problem solving in
advance of need; it is essential in a water-short area such

38 Texas, The Texas Water Plan has been prepared .as

*

-
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such a guide for water policies and devolopmcm and for
- intcrgovommenul relationships affected by or affecting
water rnourco development. The coordinated progres-
sive Statewide development proposed will enhance the
effectiveness of the large investments of capital, lsbor,
and materials and of water related land. resources
required to meet Texas' water needs: It will allow o
thorough and systematic wagatlon of those projects
which sre to receive State financial aid; and.will provide

" ¥ basis for niection of thon which are in the Statewide
. interest. . . ,

Water requirements hm been projected for a

. 80-year period and ineans of satisfying these requjre

: ments are proposed. It is recognized that if this Plan for

water development, completed in 1968, is to provide for

water to meet.psople’s needs to the yesr 2020, it must

be subpctod to continuing study, refinement, and
alteration) ss changing needs, priorities, and wishes of the .

people ofthe State.may dictate. Thus it is a Plan that is
flexible, retaining freedom of cholee as to future actions

‘» long possibla

. . FIGURE | . v
THE TEXA§ WATER PROBLEM
. ;202(? .

In developing the Texss Water Pian. the Board hu
used all historical date that could be accumulated: the
resources of a qualified and dedicated steff; snd the

. Sdvice of Federal and State sgencles, universities, in.

State end out-of-State consultants, river suthorities,
cities, water districts, and representatives of the various
economic segments of the State, as well ss the opinions
of the citizens of the State-expressed during the hemngs

held by the Board in the summer of 19686. ‘

Rocognlzlng that comlnulng :tudv and invmi-

_gation will be nesded of future- water needs snd
* problems in Texas, the Board nonetheless believes that -

sufficient information is now availsble on which to base .
this comprohomlvo Statewide Water Plan’




hms'muc'mows: . ‘ | . .

‘9. Restart the audlo Cdasette t poT' llsten to the tape and vigw the
slides uptil reference is made to Fr T. " Then STOP THE TAPE AND SLIDES. List

the atep$ under Frame 7 on your STUDENT RESPONBE SHEET . N
L4
o .

2

Splar Distillapion

Step I . (think of the sun's energy)

Step I1I (think of jpat's happening to the water)

Step III téink of what's happening to make the water in 1iquid form)
Freezing Process - X P

- Start withhthé sea water as it enters the system and follow thrdugh the
process :

The first step ié to f?) " the sea water.
The second step is to _(?)  the ice. :

The third step is to _(?) the ice to obtain fresh water.-) | v

I vsrrucTIONS ' : -’ A

. 10. Restart the audio cassette tape. Listen to the tape and view the
slides until reference is made to the review of the major ide€as in this program
. and the activity to be recorded in Frame 8, then STOF, THE TAPE AND SLIDES. Record
(\;: the result of your activity under Frame 8 on your STUDENT RESPONSE SHEET. :

Frame 8 . ) . o :
. 2 L’
The major pofAts developed.in this lesson are to be summarized on your STUDENT x:
RESPONSE SHEET. Look at each slide and try to recall the big ideas associated
with that "slide. ) . -
Storm Picture -
‘ Personal/Industry/Agriculture o
Distribution and Timing
Demand is High

.+ Recycle . ¢ ’ ‘
. ) . .Water Quality: L e -
~ o How you lodk at it T i
' ' Plans k .
Technology

i :vsorucrions- . o z | | -
¥ 11. Restart the audio cassette ﬁa¥e. Listen to the tape and view-the
slides until the end of this lesson. en P THE TAPE AND SLIDES. . .

&




e

"[FRAME 2] Ansvers - s

10

, . .
SN - ' ANSWERS TO QUESTIONS IN 6TUDY GUIDE

Ansvers -

Identify the following slides as precious or bountiful.
. - P&
¥ . \'
Precious Bountiful

-

Slide: Drawing water from well / X
. .
Slide: Children playing 1n‘ésintain . X -
Slide: Baptism scene = : | X
] §———.—_T

lide: Cover of Lawn Care magazine . - X
SNde: Windmill Xt
Slide:- Washin%;clothes ’ x X ) :
Slide:  Family in bath \ X

. ¥

Slide: Woman washing at shr . X

]

. You are -probably Iﬂ;prised to learn that there are so many factors that alter

'~ - the ¢composition of water. From this list of 22 factors, select five factors that

are most likely to affect the water quality where you live and rank the five factors
QK placing the appropriate. nutiber in the space provided.

KT

Most importantafactor A8

-
)

For Austin, Tegas, the ranking would | ) 14
be as shown. ther "localities would ' ™ ‘ — N
likely have a different ranking. = - ) 19 ¢

“ ' * o B . . ————- 8
v .

| Least important factor 3 h

“

(FRET] mmevers | , |

My definition of water pollﬁ?zpnisk‘ water becomes polluted when natural or manmade

materials are added to the water faster than natural‘processes can rembve them and

~

¥

the.water cannot be uged ror ifs intended purpose. .

e



A d

bRAMb*wj Angwers

-

¢ Table I N
- Factors Affecting Water Quality
Physical - , Chemiéal Biological
Factors L Factors Factors
Turbidity Nitrogen content Odor
ﬁrotal 80113! ‘Diaeolyedgmetallic ions Algal couht
Rudio;cﬁivityf+\h Oxygen COﬁ:ent ,Taste
¢

Coliform count

11

Tempgraturc “ Fluoride content

‘ o i . BOD .

- ?

-Ansvers ' ] [
.The staps in tréatiné:uater for public drinking purposeé afe:
) _ Step I Primary settling ‘ , oo
t | Step IT  Miding of basic chemical treatment materisls
Step II1 Secondary settling and'clarification[ |
J Spepl vV .Filtration o |
‘ ’ Step '.éhloriﬁation and Final chemical treatment
\ ' - R . J .
) FRAME 6 Answe}p . l .
. Study the Texas.WQter Plan. » ' \ .
. Answers - .. ' * B

Y Solar Distillation

L+

Step 1 (ﬁhink of the sun's energy) Warms the'water

v

' Step. 11 (think of what 8 happening to the water) Water evaporates in vapor form

v

LI Step IIT (think of what‘s happening to make the water in liquid form) Water

[

! T

pQr condenses on the glass.

-6 e * - ' s

' - L]
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FRAME Answers " (continued)

.
{ sFreezing Process

Start with the sea water as it enters the fystem and Follow through the

roceuy ., R .

The first .step is to freeze the gsen water.
The second step is to scrape the ice. .
s ) T '

The third step is to melt the ice to obtain fresh water,

IFRAME ﬁ I Ansvers - .

. . ¥ A : . .
The major points developed in this lesson are ‘to be summarigzed. Look at each.
slide and try to recall the big ideas associated with that slide.
~ i A N . '
Each student should formulate his own ideas as suggested by the information on
the sljgec The ideas will be similar to those shown on this answer sheet. '

Storm Pilcture: the atmosphere is the source for our ‘fresh water

A

Personal/Industry/Agriculture: major water users

S

Distribution and Timing: water problems dgyg;ggrbecguseﬁgfrthe uneven B ‘K

I

distributicn of water and the problem of obtaining the water at Just -

the right time - |

Demand is High: 157 gallons per day per persgon

Recycle: water caﬁtpe used over and'o;erAprqvided it 18 treasted properly to

: 8

4

meet the reri;emepts_ofrtho next user

" Water Qualiﬁy: water quality requirements varj depending upon the intended ,

\.
¥

uge of the water’

<

Ny

How you ;ook at it: water quality depends upon tgg'point of view of the

intended user : o - -

Plans: #gany plans-have been formulated to redistribute the water across the

\

western United States ' ' .

%

Technology: desalig;tion"planti will be used more extensively in the future

!

-

<
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J "WATER" Learning Carrel Messon 6.13

1 : ' '
Fl‘hia pro-

gram begins wi .

a musical inter-

lude. Relax and -

enjoy the music.| °

4
%

o
L)

.

" Title Slide

Thunderstrom * -| ¢ | St
approaching - - N ‘ '

[*nf\ . P

) "JT - | ?.

BC Cartooh.
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“BC Cartoon

A\

) . S \
B | ) . 5
. .
‘T \ Av" L
Storm
_picture v
_ 2
8
x_‘ \/ .
BC Cartoon y .
22 .

LW
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BC Cartoon
\ . a

N

3 L B

11
Storm
picture
{ L )

-

BC“&artopn

»
(€)

ERIC

Aruitoxt provided by Eic:

k }

\¢

‘.
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. .
- / *
13 ' o - ' S h
L4 (::J
BC Gartoon . ' - 4
A -
4
B 8
BC Cartoon ,
* * . ' N : ) \ L o t
N ”MT J‘-—- — ’ . /’
: | v‘
- 15 « . . - o 3 ) - .
. L~‘ What kind of mental picture did you create? If you recalled
= S - some earlier experienke in a rainstorm as I did, yoy probably
- asked yourself, "Where did all the-water come from? How can
Rainbow 8o much water fall from the sky?" I won't be‘able to answer
- : - these questions in, this program, but I do want to reinforce
. ‘ the idea that most water on the surfice of the earth came
1 . ' ) from the atmosphere, _ .
SN r"‘ 3 | o | ‘
. Y . N ’ ! N 7- + 4
- - . - . 1‘;'\
16 — . " ‘ g
. ) Thig program 18 about the use and misuse of water -~ g natural
: resource of man. A study of the vay vater 1s used at any
.Drawing one location will tell you whether water is precious or
water from a bountiful. Study the next eight slides carefully.’ If you
well . i feel that water is precious or bountiful at that location,
' , check th€ appropriate.space in Frame 1 of the Study Guide. .

>

aIStop the tape nov.




17

Baptism scene

19

‘' Cover of

magazine

Lawn Care

20

v

"Windmill

-
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]
v

Beaker of water

affected by our use

from a beaker.

e
~
. 3
. . .

"

&
\ ’ )
21
Washing ~'\-\ < '
, -3
(‘l()t,hpﬂ t
o - ) * - — ‘
LT : ’
. , .
.. ‘Q; . .
22 *“]
| Family in bath-
tub -
(Japan) .
-
. " . | . .
‘ .
T
23 " L.,
R Woman‘whshingx :;b
_at sink ; -
K
P

of the ways.oyr lives are
er. We drink it -- sometimes even

el

€,

.o
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& .
_ 5
“ 1 .
; * n
v
25
Recreation

" photo -

We enjoy it for recreation.

&
[ 3

>

ng®

-

.

We use it for transportation.

<

J

Fis
A %
LA N
26 Lo
Ry Rmm | ).
3 [ -’\ ) ] &
" Shot of a
" dam
:’\.‘\
( ' )
L %
.27 -~
Ocean ‘ i
vessel

28

=

. Catching
- crabs.

. fé-obtain food fr

»

\

om the water,
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channel

Houston ship |

&t

>

’ e

Map of U.S

precipitation

' showing average,

o~

This\map of the United States shows the average precipitation
within our country. Notice that most of the western hadf

of the United States receives the shallest amount of rainfall.
Thus, this area will have different kinds of water problems than
the eastern half of the United States.

31

3

Flood Potential
(the mean annual

-

¢

’
A

' In this slide the mean annual flood potential of the United

States is shown. The darker colored areas show where water

flood) . is ‘available ‘in large quantities. However, this water may .
' , . not alwaye be available for man's use. At flood times, too A
much water comes in a short time interval and the water
- gets beyond our control.
32,

~PFlood scene
&

-

_'As the old farmer used to say, "It's either feast or famine."
Putting this saying in the perspective of this program, "It's

either flood or drought." For only at a few locations on

" the earth do we obtain from the atmosphere all of the. water

ve need at: the exact time we need it.

———

' . - S o . wesex

) ! 128 .
.o ) (R
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157 U.8.
grllons/day

R

R »
.

- o .. : .
The demand for water is enormoua -- 157 U.S8. gallons per
person per day. This fiyure is determined by estimating
the total number of gallons of water used per day for all
purposés -— drinking water, agricultural usage, industrial
usage, and all other uses -- and 4ividing by the number of
people in the Un;téd States. :

~

1 l. ?
r 4 - _\L )
3 | 0 | .
_ — In some large citlies water plants must supply as much as ‘ ¢

T70-100 x.106 , 70 million gallons of drinking water per day and there are .
gallons/day 35 mffiicipal systems of this size or larger.. The demand

for water in New York City ¢is more than 100 milliqn gallons |

_ : per day. ”
“7L | & "

[

3%’
Map of Where do cities get the water they need? The five Targest
California take water from the Great Lakes. Ten other large cities take
water from major rivers. This slide shows that every major
’ river fiowing out of the Sierra Nevada mountains is dammed.
Notice the network of canals.-showing how the water is dis-
. — tributed throughout California. The canals along the weategﬁ-
8ide of California primarily carry vater for, serving cities;
Other canals carry for irrigation. | \ . /
L
36 ! 3

] -,

rWater can by
recycled

"or evaperation. -

Fortunately, water is not destroyed by man's use. It can

be used over and' over again provided th®® it is treated

vhen necessary and it does not escape by infiltration, run off,
| : . )

- ""?""'.."‘"m". -

.

29 ../



37

Plcture from
Renn's book

N

10

In the Study Guide you will find. this picture. Complete
the Study Guide activity in Frame 2 before continuing the
program. Stop the tape Nnow.

-

38 '1

Water dquality

S

4
“

Welcome back. In the next part of this program we will
look at some of the ways that pollution of Qur water
supplies reduces water quality.

| Sy
=,

39

Glass of iced

The water you see here has organf® compounds to produce
flavor and provide a mild stimylating action. Would you
say this water is polluted? Would an underground aquifer

tea containing tea be polluted? What is a good definition of
> polluted water? Write your definition. in Frame 3.
Stop the tape now.-
| )
¥y oA
Lo *éhe factors affecting water quality fall into‘three
Jr categories -- physical factors, chemical factors, and
[ a biological factors. In the Study Guide (Freame ) you will
Physical find a partially completed tahle -- Table I, As I read some
Chemical of the factors affecting water quality, write the name of the
Biological factor under the category heading that best characterizes it.

j“\
'30

BV
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\ - v
Odor - The first four factérs are:
Nitrogen content ) .
Turbidity . Odor” y -
Algal count _ Nitrogen content
4 Turbidity .
o JN‘ . ¢ Algal count -
:‘ e
e “
ﬁ;l~,. The next four factors are:
Total. sclids
Taste \s Total soliéh
Coliform count Taste /
Diassolved metal- Coliform count L.
» 1lic lons , - Dissolved metallic ions
. o N
<+ - \
43 -
Oxygen content - Classify these factors:
Fluoride con- o - :
tent Oxygen content
BOD © °  Fluoride ‘content '
' 1 ~ Biological-Oxygen-Demand
, | B aul
-~ \

!

bk = . u
ﬁj and (finally .
adloactivity ~
3 Radioactivity
.| Temperature Co,.and
Temperature




Y

5

Blide of

“completed

Table I

&k

-
hd l
s ———— e e

&

N \
’ \. ° * . . "
Let's see how well you did! Match your results with the
completed table shown here. .

If you misplaced more than three, you should stop the tape
-and talk to the Proctor. Stop the tape row. ¢
- \ . “

\

)

- E
Welcomq,back W“WL
[ 1

]

=

[ 4

«

The' exercise you have just completed i1llustrated some of

the factors that affect the quality of drinking water.
Excessive amounts of any combination of these factors makes
the water unsuitable for drinking and makes the water polluted.
A different set of factors have to be considered if ve were
‘looking at water pollution in industry or agriculture. We'lls
i1lustrate this point in the next fev slides. ‘

-
»

/
P ) .
LYY :
Coors can On this slide you see one of the more selective water usefb?.
. Not only does the water to mﬁye beer have to meet public
vater standards, 1t cannot be chlorinated. The chlorine
would impede the growth of yeast ‘~~ decreasing the quality
of the beer. ' -
'I
. -
. e
48 s

Electric powver
plant

‘\

'The electric power plant on this slide has one of the most
stringent water standards of all. Because of the high
temperatures and pressures of the water used in this plant,

) almost any impurity in the water will lead to some kind of
mechanical failure.” Th# high degree of purity of boiler
water requires that most plents of this type have their own
purification equipment,, :

32
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~

#

) Irrigation shot

.

&

On this slide you see a water user that 'some would say
requiresa water of the lowest quality. This is sometimes
true to the eventual sorrow.of the farmer, Water used for
irrigation that contains a high concentration of iron,
copper, zinc, or salt will build up in the soil ‘rendering
it infertile unless fairly expensive measures are taken to
prevent thi® provlem, It is often cheaper in the long run
to use water of higher quality. :

I

- .-

50

.

Watgf treatmengﬁ
plant

k]

We'll return for a moment to a more detailed discussion of
vater treatment for public drinking supplies. A modern
treatment plant -- like you see here -- is designed for the
Intended water source and the intended user. Each plant will
be different because of this. However, most water treatment

‘plants remove solid suspensions, certain:biodegradable compounds
. such as nitrates and phosphates, gni pathogenic organinma. ,

\

51 -

Schematic of
vater treatment

This slide ahowe the five basic steps in municipal water
treatment. In Frame 5 you will find space to copy down
the five water treatment protesses. Complete Frame 5

~ before continuing. Stop the tape nov.

A"

52

-

Water quality

The following summarizes our discussion of water Quality
in a few Words. - If man or nature adds impurities faster
than natural processes- can remove them, we must treat the
water in some way. The treatment process is related to .
what impurities must be remgved and the future use that e
we expect to make ‘of that water. . . _ e

38
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53

bt

&

Water surpluses

[1in the U.B.

»

.and deficiencies

1k

g, v e
’ ‘

Let's look at water problems on a broader .scale.” The
slide you see here shows the water surplusea and defi-
ciencies in the United States. Obviously, some areas ~-
particularly in the Midwest and Western part of the
United States lack water. Is this water problem then
primarilgy a shortage of water in the United States?

*;

‘ﬁh ”A;“L;,

Hydrologic
cycle -

) —

4 ) 8

This slide shows the hydrologic cycle. In a general way,

the cycle can described by starting with atmospheric .

vater vapor ugz:\changes into liquid and/or solid form as
precipitation,) thence along or into the.ground and finally
returning in the form of atmospheric water vapor by evaporation
or transpiration. There are several shortcuts in this cycle

but the general i1dea will suffice.
L S

]

. 55

Some dd{;;’

. . " ~
. g
’
.

It has been estimated that one anf one-hal¥ thousand
trillion gallons of water is precipitated in the United
States -- not includiriggAlaska and Hawaii -- each year,
This is almost 8 millioff gallons of water for each man,
woman, and child in the United States. Water usage in
the United States is between 45 to 55 thousand gallons of
water for each person each year -— far less then falls
to the earth from the atmosphere. v

~n

56 ‘

Is there a
vater shortage?

\ |

By now you are probably ready to adnmit we do not have a.
shortage of water. e problem is not one of*total

amount. of water, rather it is a distribution problem,

We have a water shortage when man's. activities require * + -,
vater but it 1s not available at the time he need. it. .

’ £

/

34
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Four ideas

15

This program will suggest four solutions to the Water
shortage problem. First, I'll discuss a solution for
urban areas; second, a plan for providing water pri-
marily for agricultural ureun; third, an idea for
improving the distribution of water across the United & N

States, and fourth, an idea for 1mproving the di¥tribution '

of water throughout the worlad.

View q{ clity

.-

Vat
{

Some parts of the United States are heavily populiated.
New Jersey has about 800 people per square mile. Popula- '
tion concentrations put high demands on waxer sources.

One thing we can do to.relieve the problem of a water
shortage for cities is to recycle the water.

\

Canal shot

59 Another éxample of recycling. ‘Before it reaches the
o Mississippi the water of the Ohioc River ik recycled on
" Map of Ohio an average of four times. This cleanup work 1s done by
River agriculture, induptry, muntcip ies, and other interest
groups forming a voluntary inter®tate compact qnown as the
Ohio River Valley Sanitation Conmission. Cleaning up the
river will make it suitable for recreational purposes as-
M vell as taking care of man's water needs.
C w
".Q
« * ' ; N\
60 > .

How can we provide more water for agricultural needs?

On an earlier slide you sav how canals in California

have been built to transport water from Northern California
%o Southern California. The water is primarily used for
human consumption aQﬂiggriculture.. This is an example of
redistridbuting the er to fit man's needs. )

\

35 o
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The Texas " Many differenf. plans have been proposed to carrygvater
Water Plan r. long dilt&nc by canal -- for example, from the state
e of Washington\fo Arizona. Texas has doveloped a-plan
on a smaller scale to supply the needs of people in
West and South Texas.
! CoC
[ 3 3 -
62 ] ‘
S The Texas Water Plan (is shown on this map. To help you
Map of the visualize the magnitude: of carsying out such a plan, I
Texas Water want you to read the description in the Study Guide before ¢
. | Plan ' the program continues. Stop the tape now. (Frame 6)
‘ ' ‘ ‘
& -
Bamaanny - < 3
L-_—_._.._......_.J
P /»,.:
L - “ '
63
¢ Map of U.S. Welcome back. You can now realize the immensity of the job
showing water "~ man faces if he wvants to redistribute water by means of
plans canals. Truly, this is an expensive operation and we nust
=&sk ourselves —- is it worth the cost of time and money
and resources? For the people without wvater, it is
> worth any cost.

R N . - ' -
6 \) | . * .

N : » /\
‘ A more speculative!vay of distributing water to areas that
‘ Weather ~ -, are vater deficient is by: weather modifications. Ws. know

- | modifivation ~ that the a ere passing over many 4ry areas contains
shnormous quantities of water, The problem is how to make

_ 4 : the atmosphere precipitate the vater where it is needed and
&;':» } ""{; . at the time it is needed. -
‘ ‘
36
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Cloud
seeding

4
4

At the present time;‘many efforts are beihg_used\éo augment
precipitation supplies by cloud seeding. Here you see the
affect of seeding a cloud with dry ice. :

» : -

66 . . )r
. L
? What does the future hold for the success 'of weather
; modification? Some research studies confirm that
veather modification techniques are successful; howvever,
man cannot depend on this technique to solve Ais water !
: l problems in the forseeable future., ’ '
\
<
- - { il
67 ¢ : g
; ' Let's look at another promising process for‘obtaining fresh
Desalination vater -- desalination. This process produces fresh water
by removing unwanted ions from seawater. Several different
methods are currently being used.
o * / . ) ‘
D\ 0
N . ) . N
. 68 : | , : N
This slide shows a schematic diagram that illustrates
Schematic several desalination processes. Study the slide carefully _
‘of - ‘ and therwrite down the steps of these processes in Frame 7 of the -
Desalinatjon” Study Guide. S8top the tape now.
Process \ _
’ . /"' .

37
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\ What are some of the problems related to desalinatton?
N Cost , First, it is currently expensive but decreasing in cost
" { Energwpemand. as technology improves; second, it requires enormous
Transport _ amounts of energy --perhaps nuclear power will be able

to supply enough energy in the future; and third, the
water ¥{1l have to be pumped to the location of usage. :
Clearly, thia is a water source for the future.

.
' FLs \
.
) ) . < :
E K]

!
T I G '

rm-Storm . The major ideas developed in this program will be reviewed
picture .. 1in the next series of slides. After each picture is
" presented, you dge to stop the tape and write down '
., the major idea’ nggested by the slide in phe spaces provided
' in Frame 8 {n the Study Guide. : o
] X ' / .

Write your summary statement in Freme 8.

mn : , )
rosrre + ¢ e o i o v . L - A /
Personal _ Write your summary statement in Frame 8.
Industry
Ag;iculture
-
..i- -
' : S+ e -
' 4 L e .
72 \ ( '
Distribution : » ':; : -\
and _
Timing . " _Write your summary statement; in Frame 8.

K Y

| . 38
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Demand is
‘High

\
t
.
p——— e et

-

[

Ll

»
. \
Th ' &
Re_pycle Write your BM statement in Frame 8.
—ma»j ! /
L.
"
75
Water AR | . : 4
quality Write your summary statement in Frame 8. ',,/
- \ ‘ /
. / . '
’76 PG - J A e U
How you look at ) . : -
it Write your sunimary statement in Frame 8.
| 39 CoL
’ : )



- v
-~ 6_
<
77 v v
“ <
Plans _ Write your summary statement in Frame 8.
r~ A
78 , )
Technolbgy Write your summsary statement in Frame 8.
—
‘ <
1 ! .
79 -
$1.96/gallon Whatever solutions we find in the future to our water
problems, the cost of water for all -purposes will continue -
to increase. Hopefully, not to the.extent you see here.
3 — o | | . .
R ¢ "
s i v
80 : o o
.The .Fnd of | - e
this Lesson =~ | ) L S
. L . . )
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LESSON 6.13: WATER

Y

- STUDENT RESPONSE SHEET

-
-

Identify the following slides as precious or bountiful:

-

e TN TN 2 . - . |
* : N\ . Precious Bountiful

L4

| lidg Drnwipg wvater ,'rom well

”

Slide: Children playing in fountain

-Slide: Baptism scene
- ’

: }
Slide: Cover of Lawn Care magazine

- Slide: Windmill

— e ———.
————————
B
D —
—————tctetencn.
——————
e e )
s ————p——

\ ——————

“\’ Slide: Washing clothes ‘ '
; Slide: Family in bathtub N
A .
o Slide: Woman washing at sink

Frame 2 a

. ' _ _
.From the 1list of 22 factors that alter the composition of water; select five
. factors that are moat likely to affect the water quality vhere you live and rank .
the five factors by placing the appropriate number irn the space provid\d.

Most important factor

Ry

Least important factor

Frame . My definition of water pollution is: _ .o S

"
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LESSON 6.13: WATER.

~
- STUDENT RESPONSE SHEET _
Compléte Table I below: .
| Table I
W‘ct_‘pra Affeoting Water Quality = ¢ g
Physical t Chemical Biological
Factors . Factors . Factors
// _
-, / . '
)
\ . . Q ) N ’ ‘ )
The steps in treating water for public drinking purposes are:
L Step I o 5 ) ‘,".’
Step II i - - SN .
Sfep I1Y ‘
Step IV . g . '
Step V
[Frame €] Study the Texas Water Plan. (No specific questions)
¢

. v B . S5 .
i . om e Ny . Segt
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LESSON 6.13: WATER '

STUDENT RESPONSE SHEET

1 Frame Complete the steps below: ) )\\
. wh

, \ . . 1
" Solar Distillation
. # A . h\“ pael o d_'\(\ . . /

Step I (think of the sun's energy)

Step II (think of what's happening to the water)

Aagpitil.

Step I11 (think of what's happehing to make the water in liquid form) ‘
_ . . .

Freezing Process

gtart with the sea water as it enters the system and'follov/ghyough the .
Lo ,

- process. . -
, The\first step is to _ - the sea water.

The aecond‘stg? is to » o the ice.

The third step is to - the ice to obtain

- fresh sea water, ,
The major points developed in this lesson are to be summarized. Look
at each slide and try to recall the big idea associated with that slids.

/
¢

S;orm Picture * ‘ -

Personal/Industrial/Agriculture N

Distribution and Timing ___ 2 o .
g enine v

-y <

-Demand is High

I
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. , LESSON 6.18: WATER
S
. ’ : STUDENT RESPONSE SHEET
(continued)
/ .
Recyrle R
— 1 -
Water Quality
How you look at it ! )
Plans ‘i" .
?echnology .
) - N
o N




