DOCUMENT RESUME

& . .
ED 258 818 - A SE 045 814
Az AUTHOR - Bryant, Reba; And Others ) _ : ®
‘TITLE Coal and Energy. - o .
-+ INSTITUTION Tennessee State Unrv.,laashvxlle. Div. of Ceontinuing .
' Education, - . ~
SPONS AGENCY  Dgpartment of Energy, Washxngton, D.C. - . -
PUB DATE ~ 3@ Jul 81 : N t
NOTE ' - 168p.; Some pades may not reproduce well,
: . Requirements for the Energy Workshop, Tennessee ‘State
o ¢ University.
** . PUB" TYPE \ - Guides - Classroom Use - Guldas (For Teéachers) (WSZ)
'Lnns PRICE"’ MF01/PC07 Plus postage. . : \
DESCRLPTORS - *Coal; *Conservatlon Educatﬂon- *Energy; *Energy ' '
, T Education; Environmental Education; Fuels; Mining; )
" ‘ *Science Activities; Science Curriculum; *Science
3 Education; Science Instruction; Secondary ifhopl'
Science; Units of Study . ) RN
: ¢
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e ' This teaching unit explores coal ‘as an energy -
resource. Goals, student objectives, background information, and
“activity optxons are presented for each major section. The sections
are: (1) an introduction to coal (which describes how and where' coal R b
:was formpd and explains the types of coal); (2) the:mining of coal -
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‘the 304uent shogld ve able to ive a written derinition’of
: 8 - . . M . . .
ooal. - . . ) ot

voal Qelllition.' ) ' . : o,
boal is a bdlack or nrownxsh—blac& solla Somnuygtitie Juuouance
Tormea oy the'patnial uacom9031alon or vebetaole matter

without Iree AGueas or air and anaer tﬁé incluwence of moisture

-
-

and ingreasea pré&sure and temperatare. " ’
L& : *: »

- \ {‘ < N 4. \n

- doal Ionﬁu01on. o o~ | N

-_;ome coal 1ormed 40Q million yeurs agb but hi o ranking coal . .
such as that. in master Tennessee WS rormed only 250 million, | , “.}
Jeara a0 auring the Baleozoi auu m1331351op;aq feriods. T .. :
boal rorming oerioas ara-orten called parl! or Late "~ - . o .

Cad . ,- . . ..

,aroon1¢eroua Periods. = L N -

uurinb the Late Paleozoic Era, 300, OOO 000 years a0, the- earth's- ;e
aCﬂoo>ne§?«was moisture Iaden and sbaamy.-xhe earth's. suxrace,
¥a5 covered v1th aende 1oresvs. ol mooses, Ierns, 1ad N
dymnosgerm tjoe 3lants@~~a<nerld, )rotozoan, Iungi and ﬁ L
alu. were qulte comgmon botn on lanua '‘masses ana 'in tha ' \) ' . K

;am3§~anu wacer euvironments. AMONg the Hlants lived Vl;nt : ' SN

inqaCts and ol5~11aarus. as-tlme sassed, iant nlants died - et
and 'rell into-.the swamps. "A soongy, "brown VQ*etablqv matber
called peat vesan no rorm. ~vow plants’ grew on toj*or old. - -
‘then they- too died’ ana. becarme vart’ of the mass Qf pedt. % - P -y
utrdtll$cdtlon QCLurrea 'with dixt and sand bein;; deposited o

. vetween layens or peat.: neat, aud 7r?§3ure caused dirtverenrt | .
T oes of coal o pe iormed. Jurlng mrli5ono oﬂ years these,z

" layers or Ve et\tlon were coavextauigo roon and . ) " ' ('
h"drO‘“rnous. Peas was converteu to srown coals apd ;1@n1te. -

\L

“1th the adaltlon of molsture, heat, and pregsure, L

coaio vere Li.ally transzorﬁed vy ,ae\‘cnenicxl andy%hysxcal

LnterAleons or momsture, neac and preospre, on. tﬁ& bituninous ';
- - b{ . '
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‘the atuuaIC'duould be’ aole to ‘outline tﬁndevents in, the R .

xormaﬁﬁoﬂ,OI 0031* Layers o7y ‘ve atation'-mf)pnrbon and'hyarouirbons

i a2 paat ---—) brownvcoals ana lluni'te (addiu;onal mol»sture R ST
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} degba\:eu. Lable ,our argwxngs. .

" Coal ueposits. .

haat and gressurc) ~~e>suobitum1nou3 aqd nitunilous (- ‘1awlvt1 "
‘ana OQJSleal lutaract;ox of moistugg, héht and oregsurb) «——47 .
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Using the Jorld cook “ncyCIO)edla er other reaouréc ﬁ&;erllh
11ng 01t qbout the IorMatLon ol coal dnd make a serles of .
urdW1nb3 ror vour notaoook WHLCJ nows uow coal is rformad and
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stuvent Ubjective: L o e S
The stuuent arould' ‘e able to dnswer unSElOnS about the e
relative ampunts oI airteée t ranks 01 Loal and avout the
lOLdElon 01 these coals -in he Unltew‘otates and An
‘"ennessee when _lven a map anaélngormatlon aoout coal'-]'
46p0aits. | S \ . S .
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map atuay, activity . aporenuix I-a
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Jnow stuaents samples or coul.

-

. . ) _ R
~»03t coal sSeams are 1- 2 meters tnick. In Laxe Je ~met,

Jonnson county, Jdyoming, a coal sedm has been identiirieu_asg -’
narrov. as 30 meters -and as tthh as 70 metprs,‘ ‘e thicxest kXnown

Fean recoonlaeu in- the worlu today .is located in i.anchuria and -

is &QJPG“LmuC’lJ 140 méters across T
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student ubjectives
ine )Uxxeut snoula we Aavle to draw conclusions about the’
relatlonshlp betWeen the rank or coal and t he carbon and .

moxbiure content or the coal by rending tables.,
Sy . - ’
'] : '] i . . ¢ * ‘ . -

ssudents shoulu be avle-to list the ranks oI coal from tae
<3 - L
hi,nest rank to the/}nwegt rank. ( <Jhe 4 main classilicationg)
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-_JllLerentiathH ovr Coal bv dank “» - . -

One Ctlagsiiic utlon or coal is Ly rank, t.at is, accordin,, to
i . ‘ . . . . . £
vhe degree ol metamorphism, or »sroyregsive Altkeration, in the

‘natural series Iron li,1ite to anthracite. In éOﬁsiaprinv'ghe

“

*

rankinabdr co"l,q’he volatile maﬁ“er Iized carvon,’ ﬂOlbtﬂfe
conéent, and.oxyden are- ideutifieu with &dCh samale. Uldnr

coals_gre oirten igentirxed H# Jdgrcentases or legd canbon‘ahd\

cercentases of volatile matvter. Youu ,er codls are igqentilied

py the heating value in olU/1b. ‘the amodnt of heat which is
. : =

&
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relegsea oy burnifiy eoal can ve uebtermined oy dirsc neasJarzment

in a calarimeter., !
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aTuU2at Lbjective:. : . b ~p

‘ne stuuent: ghould be avle to 1ljist tne el:@ments nresent in coal

cnemical vomnosition ol Coel., - " o -

—_—— e , .
. - . . \
L{wo . tyreg or analysis &re in common use ror exnresding the 7

comoosktion or Coal. In the ultimate anal; sis the coal sample

h% ‘ma jor.

is arlied ana 4,,wrm:“atlou i3 maae oi each or v
XLWICdl elements, carbon, aydroen, sulrur, altrozen anl

asn. Lfhe remainder is assumed TO ue OXys sen. “In srovimate

anal sis dour artitrarily aeii. . ed f0d0000f constituents

e S - Sy
are Jeterminea. ..013ture, volaulle aatBEr Ana ash are .
Mmeasured, 4 Iixed caroomn is ch T vnlcn is lerlt. rthe sum or

L.ae Ilxed carron and the volatile matser i3 termea the

- COMta .)I;.I. blG.

-

aA8h cowsies I'rom Two solirces. Jhe Intrinsic ash is due to the
niner:.l contént or ‘the vegetative matter i vue Sri;inal
mat-2rial. Lne ‘extraneous ash-1s Tie result oa'mirerul content

gf the muu delopgeeyr-giale and o-rlnu3 in tie *coal seams. ash
1y incluue oxides of s l“ﬁn, alumlvum, vitanium, lron, o

culcxum;“mabnes;um, soulum,.ana sotassium. sullur =ay also be

a.constituent ol-the ash. \Auh content varies over a wide range

. \ L
‘even within a single coal seam.. | : AP

.

CLivrary stau . 1_' _ - . . ’

"Jto Tina out avout the elem?htu oreaent n coal and thg

.4
imjyorc.ace oi these ‘elements to the Iuel. ) 4 ‘
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S T S pr1cu1 Compos1t10n of Tennessee Coal W e .
o e ) Ai’ -ﬁécei\;cd ot Moisture and ;\S.h Free | T Lo ..‘,
." .. ‘““ﬂ“y . o Moisture Ash Voldtile Fixed | *C ti 0 N g .IW(LJ“v
- ‘ L e : . » T . Matter  Carbon 2 .72 T2 ¢ . Value
PR S ) . _ o : ‘ . 4 N - - . . Bt b
- "L Y P . T PR \ ﬁ& '--\._"‘jr_( - - ‘ - - . _ T_L U/‘. -
*.o . Anderson, Cmmpbell o 26 . . 2-8 40.‘5\,:'S 59.7  83.1 ;SZS *7.4 2.1 1.9 14330 ,
. “Claibeme, Overton, *;mt X TR 5 QI (VS [ 595 # 83.5°5.6 6.8 2,0 2.4 ' 14930
» t. . . ' ' . ._‘3“ ° " - i - e ) * ) .
‘ Pthncss,)&nxxuh hhxte 2-5 4-12, 41.6‘hi:158.4 83.0 5.7"° 6.1° 1.7 3.5 15690
. . 4 ) \ _ . - [ N . . .
- et Leon, Navion . | .35 - 3-11 g&%k' .68.9  87.3 5.4 4.2 1.6 1.5 15725
N \ . N 1 ) . . N ’
. . . . .o . . - 1 st .
" Grueldy, Rliea, Roane “2-4 9-15 4.5 - 65.5  .85.7 .5.3 6.1 1.6 1.3 15160 ° - -
. . ' N~ % S . . N
r * - ‘ < Y 0“’ s . b4 f——
- LTI TS : I
el l) Mcis.wure refers to coal containing i its natural nnhercnt water Lontent but not including
. (isible wdter. on the surface of Jthe LOdl. . ‘ N , Q)\
“ . 2) Vblatllc Matter and llxcd Carbon percen tages me; add up to 100, as well as the sum of
v+ C, “2’ 02, Nr,, :lnd S. ., . .
- » )

‘( R C 0. ) ‘ ~_ : v o v ' <. .
Adapted frgm de Loxcn21, 0t§o 1951, Cembustion Cngineering, Riverside Press, Cambridge, 2-13.
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TABLE 1-4 : !
¥ .
.8 )
, ~ . - Classification of coalz by rank™ (ASTM D 338)  * - 2 e
> - AP, \ —_l - te -
: . . . Fived Carhop Volatde Matter Calorifle Value -
' s e - Limits, % Limits, 7% Limits. Btu. 1h
- {Dry, .\ltincml-. (v, Mincral- (Moist,b
Matterdlree Matter-Free Mincead-Matter- Acvlomerating ™ .
Class - Croup Hasn) » Basiv) L Free $asis) Character -
L. . . Fagaal or litlu:‘l. Equal or “
‘Greater - Less Creater- op Less Greater o Less
* Thazr ' Tlan  Than Than Than T h)d o
: 1. Mctvantlyacite 93 Y-~ .2 — - ’ PN
I Anthrac eic 2o Anthrcitg ’ 02 08 2 8 — — }Nonngglou_lcmting
- 2o Semignthraciter - N 02 8 14 — — . .
" 4 Low volatile Vitmminons coal 7S . _' 86 B I ho ! — — ) . ) ~
N ' 2o Mediin volatile Fiteminons conl 69 L) 29 3! R - — C ..
IL Bituminons o theh solubde A Litnmmens toal . 69 31 — 14,0000 — A ?E‘l‘"m ‘\ e
«4 el colatils B bitnminons coal — - — — 13,0008 140007 [ AESlomerating
' 5. thgh volatile C Litwninous coal — —_— — — 11.500 - 13])()()1 .
. A 10,500 11,500 Aaglomerating
' °1. Sthi(:uuhmus A coal. - — —, N L(;,SQ() 11.500
HL Sabbituminens 2 Soblitaguaae # coal R -— 9,500 10550 .
3, Sehllitingines € coal — - o = 3500 9.5¢0 .-.\'m\:u;u!onu%timz,,
N LoLjaute A —_ — - — 6.300 '3‘300J . e
OV i 2 i . — — — — — 6.300

Sl et ton Qoo nat et few eeals, pneipally non-
Wosdodh vt s which Bescernnneyd Phvsiedd and chenicd Prep
ceties e w b ol e iR theThnete of e Gathee, o cdonific

’\‘13 eof the B Beve b e Biteneamons and solbihmames ranks. A}«

certthee cad ol s Gt b thos 4870 div, npnenal matter-

LEYETN U IS o o e gy 15 23U st wiine alanatter-
e Tty ond i vet poraed ’

BN S o codd confan ¢ s wahinal whiereot eistine bt -

ot g viehle wader en the sinbecs of te anad.

A

. . Y. 4
Tha Babioock qondt Wilcox

v

~ . - .
- Wagglomeraiing, clasify in low-volatile gioup of the bituminous_

class. - 8

L4 -

LS -
SCoads hving 6954 or more ﬁ\.-«l'f;ub«m on ‘the dry, mineral-
salter-tiee banis <shall he classified accotding to fised carbon, -

u‘_f{;m!l-‘-w of caiontic vabdue, y *

It ic recoznized that thewe may he nonagzlomerstine varicties in
these groaps of the Intuminans chass, ansd there are notalie Caeep-
tions in high volavle (k hitainons group.

A .o

.

Coupanw, 1972, Stcca:n - Its CGeneration and Use, New York, 5-11. =~
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. . 9 f 3 .« 3 ) 1 . . ) L'\t‘":.
;. | o ) TABLE 1-1- .
. ¢ V€ . ‘ / . Coal Analysis . . .
. - f On as-received basis .t
'~. , (Plttsbmgh Sulm Loal West Virginia) - ' '
- . Prox1mate Analysis - | T “Ultimate Arialy,si.s ~'
' | . Cmr:ponent Weight, ¢, BER - Compornent - Wo':fght, b
: . o, - . v ! ’ , . ) . .
' Moisture 2.5 : : T Moisture ; 2.5
.‘ * Volatile matter - * 37.6 n ' Carbon 75.0
Fixed carbon . - 52.9 . Hydrogen - 5.0
. : As\‘m . 720 . * Sulfur . 23 .
. - . x~ ‘ Nitrogen . R U5 T
. TAL T00.00 . X sen |
' V. \ : Oxl);gen k 6.7 :
. Heating valpe, .. oo ) : AS: ' B 7'.0 T
;|l Btu/ib 213,000 00 Y - oora 10000 .
« : . . . ' .

Ch

Al

. 5-9,

+ -« Prom the Babcock & Wllcox Co 1972. , Sfeam-Iﬁﬁ Generation and il_!se' , New York,

St -
- 3
. . . . . L
4 o X - :
+ . 3 { .
. .
. : - . | o . - o . i .
' ) o ’ ? N b -
. S - - t 7 . S ‘
A L .

ALY ' . L

. _,
\./ v *
A .

/

-~

'Using the table ‘above anq the table "The .Lypical Compositf—n

or ’Eenne;asee ‘Coal" answer the following questions a) -How does

‘the fixed tarbon in Tennessee Coal compare with t“he lfixed carhon .
in Pittsburg coal? (b) what is the importance af ~the fixed ca.rbon‘? =
(c¢) How does the .fixed carbon relate to the coal rank? i - |

(d) How dges mojisture content relate to coal Tank? : o .
# o

LY

Using the table below, determine how the Lixed carbon in the .
« c0al relatsa to the ignition ter’nperature yequired to burn coal.

-

) - e b - el on o8 s

g TABLE 1-3. - - . MEe
\ Tuel A Lngpition Temperature °C.
. . 9 . M \
- : Fixed carbon : \ .
- . Bituminous coal | 407 ° * ° - o
\ " o Semibi tuminous coal 466 | . ©
- ' | Anthracx(te . . 449 - ggz | K
- -~.. Hydrogen ([ . . - 574 - 501 a
+ + Sulfur . - + 243 ‘
‘ ' .. Kerosene -« ¢ . 254 -~293 .
-t Gasoline L% . 2600--427 L
‘o . 'l * Ky # ' . .
- Adapted from The Babc’ock & Wiltox Co.;, 1972, Steam - Tts Generation and Use, .
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2 Using ey words histed below, complete the following -paragraphs 3 / '
\ ' ~ , ~ ., - ®
v . : v\ N "
N " : ’ . cor . : -
' S ’ . peat ‘ ) ‘ ( S
: S : - : s ‘
. - . compresged . : S : ‘
1 .t : . . - T :
- . " . Carboniferou} Period ' ' o .
' ) . fossils o - ¥ : )
. " . . - bituminous coal : ” :
- R ! \ - - = L
‘ < _ . A . ‘ .. - '
. ‘\? . anthracite ’ - . o’ ;‘ ’
L Ca @ . ST . : f :
: . lignite ' . |
. . - ' i
v N 3 . N } ‘
Coal was formed millions-of years Agb in-the We know what the Lo
i : : ' : : : !
i ! plants looked like then because we find impressions of them in . todny. P
 Over the years thé weight of the earih . the lgyers of dead plants. | y
Y - ) . - : —
] * ! hd ‘
¢ ; .
. : : : : : . !
Our most plentiful fuel source in the United States is - . i .
‘ F v ]
. , is an excellent source of heat for homes/but there.is not much of it. :
. N N ) ‘ : * r
’ . . — is smoky when it hurns and has a low heat content. {
. which is not really considered coal, is used for fuel in some countries )
. 2 . - . ) ‘/ » ‘
of the world. . . / "-g-»..v ‘ - - | '
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R Word’ liat
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-for definitions and gpelling.

‘ -
1. Anthracite .
. 2. dituminous )
l ~ “'43. ‘arboniferous
' 4. Coal seams -
5.°Cdal resexve e . . L —
. 6. Coal veins | ~ . .
7. Lignite . w S oo
| " 8. Metamorphism S o . S - . :
. . 9. Peat . - ' j . .
Y, 10.- Sedimentary rock S : L Coe
' M. Stratification | J e
| 12. Subbituminous S _ - , T
1 13> Volatile - '_ R L,
. - . ' i ' ' ’ P . . .
N ‘ o . .
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21, ,25Cea oadolemental stucent Jrojerceus _ .

,

1. oGudents may colleet waterials oy coal, coal M1 coal .
Tiansliortation,” coal use g3, 236C. 40 1dha a uullbn;u dOdLG.

t
[y

v
2 )tudgnts Jay araw cartoons or ou.ear 2alcorial wvne darawvlass
" ana lacel carsioa «371¢Tin,; theme ol coal yTouu-stinn .
og @aar,y Hroducvion usi.i, qoak as it ralavaes vo ‘
anNviro.ngubol aLu36. -
N
).{guauodb¢ xuv JYitae T onOXT Doen or varge ~ave10)1"“_tné
. sLor, oy uOil.

de wTuael Lo Ay Jrisae a sisonle sellad.vo we ourt)s i1t striing or
Ciastranantal arrcao2tieats  velli.., wi2 3Tory ol coal. -

2. Qafa'dﬁqu:hns L1 3042 Olgeurl v quérva .o
e oeezdobios w2 oorr T w0 1a3uui*v oue ran< .
( antaracitse, olivaalaods, o4 , )16, =2CC.}. .ake osusr 7 .
otservations as stuucuts 4es waeils \U)eﬂ “eadad) ' D
O sbawznts coulu wo rosearch  Liwd e suliuar cnntent or RS '
ogtroleun, rataral as and J0Al. , ’ ' ‘
. [ ’ : L5
7. hpke aékine graph which will gshow the ranks 01 coal used = .
0 wake electricity. (vata on next nage) S R
~ .
3 \ ~ . )
3. Lrace all or the energy chaag es that tdke place Iron Ene > @E
time coal pegins to rorm until enerd is produaced in a’ s ‘&
+ lisnt ovulb-in your home. (see list of examplas of ener;y " : '
tnaes) ) ]
’ 1
1 ‘ ‘
‘- '
' . > _‘
L P
26 ‘
" . ‘



vula

£

-
-,

line

t.leg 1aata

on the vertical

<

dve:t 1n-tas vollowing

\1 luo

tdole to nake a line

sranr. Mot tiﬂe 0o the aorisontal axiq znd fuel

rowuaction

Plot - one

ener,J to determine the increase or

vil@ Lual Jroaucvio. i3 rasorced 1.
TNOUsandg ol wituni:ows: coal equivatent: ¢ors.
ror each ;uel
; 81X Soutces of -

\ecreadse or the encr.y supplies.

stuay the ereryy proauction rrom the C o

«Y
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Data: . ) ” . .
U.S% PRODUCTION OF MINERAL TUELS AND ELECIRICITY - ) 7
FROM WATER AND NUCLEAR POWER, 1920-1970 .
' B1tuminous \ \
' . Coal and Anthracite Crude Natural Water Nucizar _
” . ~ “Year Lignite Coal Petroleum - Gas Power Power T
| 1920 568,667 86,870 98,053 33,702 28,168 - ‘
. -
. 1928 L2e,003 59,924 169,284 50,153 25,496 -
1930 467,526 67,252 198,778 81,985 28,702 .
’[_ + ‘ ' ;
/ 1935« 372,373 50,572 220,610 81,527 30,763 -
. 1940 460,772 49,924 299, 580 113,702 33,588, -
. 1945 . 577,617 53,244 379,351 168,817 55,038 -
: ' ©1%50 316,311 42,748 136,984 201,107 60,038 = - " ,
l LO55 104,034 25,382 519,999 389,466 55,229 -
'—' 1960 415,512 18,245 570,069 $27,586 65,755 208
. ,\\ N N .
s = RS ‘
' 1965 $12,088 . 14,870" 626,672 694,414 80,999 1,495
fl 1970 . 602,932 9,928 794,695 970,820 105,707 9,204
'|' Adapted from: National Coal Assoc1af&on 1972, BlthUDOU’ Coal Facts 1972,
' \Washington, D.C., Sb . <
&
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Using the energy chan<ges below ag

the ener;y chan_es that take olrce

’
¢

Oesing to iorm until the cgneryy is
11 ,nt wulb ia your nome.

"

— .
7
s -~ -
< J
|
. explqsnons
' dry Cell
\ . ' .
. bomb
. .
. el
. . Powar plant
! - . '
{ ncandescence heoat to light .
' iteam turbine  heat mechanica
" hermocouple. '* heat |, alectrical
- . dhotosynthesis radsant - chemigal
\bsorption light heat {
‘adsometer light . mechanicai
olar battery ight electricat ' ;
shotography light chemical ¢
' ‘nction . 7 mechanical heat
’ fint on stbel Mechanical  light
hand magneto machamcal  electrical
o .
- loaster oriron  electrnical heat .
neon lamp electrnical - lght
elect. motor ,electrical _ mechanical .
. electroplating - glecincal chermcal
combustion chemical ‘heat 4 >
combustion chemmcal hght - . 4
. o a
. .
I' #
pt . .
’ .
' ' h
1 O 1!‘
* 1]

Aruitoxt provided by Eic:
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examples, trace alll,or
trom the tine coal

nroduced as li_nt inla

3
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¢ - 3 - Ay
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chemical mechanicai -.
i
chemcal electrical
nuclear heat . ;
‘light I
meachamical i
nuclear electnical
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uses on y8uf bulletin board to starta Save Energy campaign among students,

1 BELIEVE iN
CONSERVING
ENERGY!
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COAL: MINING, TRANSPORTATION, SAFETY

I. How is—coal minedt ~

" Ae Surface mining
~ le Area mining ’ «
2. Contour mining ’ .

Be Underground mining ) .
1l Types . )
- " g ac Shaft mines _
be Slope mines ) .
. ce Drift mines

o s
ane.

2. Systems of underground mining
ae Room-and-Pillow System
= be’ The Longwall System

L

C. Breaking down the Seal | )

l. Undercutting

\ 2. Cracking the coal wall
3. Continueus coal mining machines .
4. Push=button mining

[ 4

De OProcouin; the coal

1. Hauling the coal out of the -ino
2. Sising the coal
3. Cleaning and grading the coal

.1I. How is coal transported? ‘ .
; S -

A. Shipping
1. Railroad

2:” Barge -
3. Trucks

Be Storing
« \'\ ‘
111. Mine safety msasures

Ae The Miner's Clothing

Be Protcction against gases, coal dust oxplonion:. and och-t
hasards’

Ce Draining the mine

B. Safety education . o o ;3

s -
2 )

~e

-

E. Govermment.regulation.
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Goals

~~

S

ents will gain an understanding of how coal u nlmd, transported,

and regulated by the government.

Objectivess

Upon completion of the reading and activities and when asked to
diagram, demonstrate, or respond either orally or on a written test, students

wills

2.

3.

be

Se.
6.
Te

8.

9.
10.

11.

por
name and dlaumlih bot:ﬁnn the two general methods used to mine
coal. . )

describe the twe methods used by strip miners in remeving coal
from the earthe. :

A Y

g.a:'plaln hew strip miners reclaime t;tn land .

name and describe or sketch the three groups of mines used in
undorground mininge.

describe the two main systems of undorgfound mining. \

tell 'tuf type of machinery is used 'in removing ceal from the oﬁ’fh.
describe the t:ypl' of c‘lot:hlng worn by minerse.

éxplain how the coal {s processed atton» it is removed from tho
“rtho .

tell how the coal is transported from the mine.

tell what countries and states ircducc and mine cosl.

point out some of the probloxm" involved in coal mihing.
\ °
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1.
2,
3.
be
S
6.
7.
8.
9.

10.

1l.

12

13.

" 1be

15.

- | : | k : . .
com'uunmxoﬁ QUESTIONS -

J .
What are the chiit typas of coal mines, and how do they differ?
On what bases .aro strip mines classified? N |
On what bases are undarsround mines divided into three main groups?
Describdbe t:ho two main systems of underground mininge.
Name and give the tunction of the types of undergreund ninlpg eq ipmont.
l:xphln how impurities are. rohowd from ¢coale.
What is the prinoip.l means of t:rmpotting coal in tho Unlt States?

?

What are the chief safety precautions which must be takqt*‘;tvg coal mines?
2 ’ ,
Explain how st:rlp-lmd land is roclnlud.

List and explain the most important state and fodoral laws govorning
the mining industry.

What are the four largest cosl mining coupcrud of the world?

What are the ten leading coal preducing states in the United States?

How much coal is imined cach'yoa'r 'iﬁ the United States?

How long may the coal resources of the Unifod States ibo expected to last?

What are soms of the research developments of the coal induatry?
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2,
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Invﬂho resource people -

g

INVESTIGATIONS ~ !

Conduct a fleld trip to a itrlp mine or deep mine. e

ar

Have students research such topics as:

Coal Products
Black Lung Diaease

" Coal Minning Methods

How Coal Helps to Make Electflcity
Different Kinds of Coal
How Coal is Used ~ :
How Coal Pollutes ’ ™\
Consorvaclon of Coal . . . o
Have .tudont. prepare a hullotln board oontaining pictures and informagion
about coal. .

Nave ,gc.onta collect n.vnpapcr cllppinga on current dcvolopuonts
nbout coal. )
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5 ~ HOM COAL IS MINED
There are basically twe types of ceal minas, strip or s\mf:¢o _im‘
and underground er deep mines. The type of mine depends primarily upon
the relationship ef t:in ceal bed te the surface. Strip mining can ubo'
carrlod en te a dopth of 100 te 200 t«t:. When t;lu coal seans 'u.
o "‘dnp‘t than 200 mc bemeath t:lh lurtaco ox when t:hay run deep lnt.o the
olrth frem an Ntwmp on a M 1lside, undarp‘ound sining is conducted.

Hoot strip -lnu tﬂllow ctu same basic steps to preduce ceal.

" Miners eperating glant pmnr phonls strip avay‘the nrt:h and reck, or

oxp,lnivyl may break t:ho_ é;nl sedm inte small pieces. Finally, smaller
Jnh@nld .oo(;p up the coal and 1oad it onte trucks which haul it away
from th; aine. | ‘ o - '
-' Atthough most. strip lim- fellew the same basic steps, atrip-
mining matheds vary a!%ordan. %o whether the land is flat or hiliy.
‘Strip mining can thus be cluud as either area mining or contour

A

mininge Area mining is practiced where the land is rela ly level.

Contour mining is practiood in hilly er mountain

lmrolvu nltung on the contmt--that is, around slo

Once t:ho coal has hoon remeved frem the greund,/the land is

reclaimed. Sometioms old strip mines become taru.\rocxfn,t:ton areas,

A

-pastures, residential areas, er shopping centers.

nmm_nml Depending upen the way in which the ceal " o
sean is approached, dMorgx'oum sines (u'g either drift, slepe, o\: "

¢ ¢

. - owrbm-don.ﬁ:_hat lies abon the ceal. Then bluton'. using special
r
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shatt mimes.. Kach type of mine .1s best n;u;od teo removing the coal
from a particular typs of coal bsd. In a syaft mine, the entrance ‘nd
oxl;: puaa;n are wrt'lcal.. In & slope mité, they are dug on a slant.
In & drift mine, tlu.pulagu are dug into the side of a coal bed
‘ ., _exposed ‘on a.alopal. " <
: - Two uig systems of undorgrouigd mining are used: the reem-and-
plllo;l,nyugon and the longwall gyot:_ou. Each system has its wn set of
mining techniques. Elther system may '\bo used in a shaft, slope, or
drift minge The room-and-pillar system is more cb-uo.n) in the United
States because the coal 'seams, oapocl‘ally bitnninoun\ seams, are of
‘unusual t:hlclmdu. "tho longwall ntho&r'h used in Europun mines.
-< In the room-and-pillow system, pi llarn of coal aro left standing
t
the 'coal has been rono\md. (tor the mine face has been .dvanocd as
far ag planned, the miners work backward. on rntruc. wlthdrwing the .
st:andlng sections, which are callod pillars, and allowing the roof to
collapse behind them. -
In the longwall system, almost all Qt t:ho:'q_oa_l is removed from

the working surface or face, and the area that has besa mined is filled

in machanically with rock or sand. <

. _ to provide aupport: to tho root or ovu‘burd.n of tho rooms trom !Shich
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ACTIVITY

"% Label the indicated part of esch mine.

\

Parts:
1.

2,

3.

-

;Mim Ce

L3

[

‘. Kinds of Underground Miness

/

Partas

3

Mine B.
 Partasy
le

\ .
Labal the tql}mdn. kinds of mines as drift, shaft, or slope.

2,

.
L
1]
¢ .
r
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Pcasking Rown fha Coal. There are meny mefhods of breaking coal

from the mine face in -lumps suitable for hauling to the surface of the

mine. A few are listed below. ~ . .

1. Undercutting- The procass of cutting.out the mine tac’i at the
bottom of the coal bed so the ¢oal can be
shattered more sasily by cxplo.lnn.

N

2. Craoklng the Coal Wall- the process of dnuung shot holes

at intervals along the face of the coal bed.
& Explosives are inserted in these holes and when
set off, cracks the cosl vall into pieces.
B L & - . .
3. Contimuous Cpal-Mining Machinese- A machine that can cut the
. 'y coal loose and load it in one operatione

4. Push-button nhpr- A miner with electronic remote coni:rola
" can send a bering-type mining machine 1,000 feet
under the ground while he (the oporacor) stays

-~ on the surface. .

[ _ P

Exocessing the Coal. As the coal is mined, tracks are laid in the

main haulageway. Cars loaded with coal are pulled over these tracks by v

.

small but very powerful- onlootric locomot\ives. An increasing number of

mings use conveyor belts - or shuttle cars carsy the coal to the

surface &o t? cleaned ~botoro,lt' is shipped to buyers. |
Mining companies clean coal in ap:c:ulkly designed preparation plantse.

4

The plantl uu l varioty of machines and ot;hor equipment tq remove tho
impurities fron cosle ) \ .

° The raw coal is sorted-initially in fho plam:‘by A& tilted vibnt:iim
screen that has sections with different sized holes through which the
coal £alls. More lqrcln_g accqrd!ng to -iu"-and gx;ndo occurs during '

, subgcquont ¢leaning and separating operations. Each batch of sorted’
coal is piped into a "c;npnnt:c vashithg device, where u:_f';s mined with
fntor. The devices separate the lwltiu by means ot" specific |

gravitye The heaviest pieces, those containing the largest amounts of

¢ -
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ACTIVITY .

rd

oy e mmmnm
| “\h t‘n\'ik“?"ﬁ ol 't-sr\. v‘ﬁ% -
j}'m dig'c:hu 1 ' “
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!:xplaln what is happonin; in each of the ujor compartunt:a as thc coal puus

throughe
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ispurities, drop. into a refuse bin. _Wu_hlng-romov‘., such of ti- ash tron-
the coal, but the orzanlc sulfur is do_ closely bound to the carbon that
only small amounts oan bokmwd. _ o
| ‘The mhm; 1um :hu coal dr!vpxng wet. If this axcess mout:ur.
is not rmv.d, the hutlm nluo ot the coal will be grcat:lw reduced.
Proparation punta uu mlo\u devices, such as a vibrator or hot=air ,~ .
blmr. t:o dry ooul att:or it is washed. ' .
In its mt:ural state, coal s cluaiﬂd by rank, which depends onl
) ita carbon and ash contonl:, t:ho a-oum: of volatile, or -gAS8y, matter. -
and moisture lt: oontaina and it:a heat valuo. As lold in the market, N
coal is. cmlltiod by grade, 'hloh doponda on its unk and such ot:hot |
chnrdotorintioa as the size of t:h. lu-p. and on special treatment
which the coal has rco.‘ivod. The grado of coal is important to mﬁonrs. ‘

for it mesins that the coal will meet certain standards.

-

e
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Methane Monitor

Ankle Straps

Steel 'I'ip;;ed Boots

N

For their safety, miners must wear special clothing. Heavy=-duty

overalls, heavy steel-tipped shoes and hard hats make up the bulk of

~ . . B . <
theirigear. To keep the pant legs: from getting caught in any machinery,

_straps are worn around the legs ‘of the overalls. A battery-powered

lamp is worn on the hat. The battery is attached to the belt and a

-

cord runs from the battu'y' to the lamp. A ult-riscuor_ is also

strapped to the belt. It provides air for a miner in case of air
. 2

conn-imndn or loss.

3

‘,.Promtlono mst be taken in mines to detect and control methane
g;l, which is highly explosive. “ Mlnﬁs are required to. éoit the methane
level with an electrical methane-detecting device. Nethane can be
cleared out of mines yu_:h huge ventilating systems. Thui systems

are used to eliminate other gases also.

»~
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ACTIVITY -

G

’ A : .
Draw an arrow to show where each piece of the miner's equipment Is located. -

.~

- lamp
. self-rescuer ‘_
v {% steel tipped boots
methane monitor
hard hat
ankle straps
N

- Match the words on the left with thcﬁ)por oxpﬂnauon on tho‘ right.
- hd .

r :
checks air quality in the mine

" allows miner to ses better undergrou:nd. '
protects miner from dropped hand tools
prevents clothing from being caught in machines
provides fresh air in case of an emergency
protects miner from falling rocka

»

i |

. . .
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. . . . P
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. all three of these msans to reach the buyere.

N |
HOW COAL IS TRANSPORTED

Moat ‘conl \lhlpﬂm:l within a country are carried by rail, bu:go.

or truck. In many cases, a particular shipment must travel by two or

t

Special trains canod unit trains t:ako coal dlroocly from the
mine to users, with no otopa in betwesen.. Unit trains help speed 1ong-
distance uhl "2:"6:.

Barges pgovg&o the cheapest way .of shipping coal within a country,

" but they can operate only betwesn river or cout:i} portse. . Trucks are,

the least costly msans of moving small shipmentas of coal short distances

. An umorgrounil p;pollno is used 1,n some cases to carxy coal trom

.. mine to a pm plant. ‘rho coal is cnuhod and mixed with wntot to

form a slurry (soupy lublt:ax_\oo) that can be pumped t:hrough the pipeline.
In some cases, honw'{tr, pipclinu‘iro :m"d‘ costly and less efficient than
the traditional methods of shipping coal. o

Storinge Most large consumers of coal try to keep a mpp‘ly, of
coa.l on hand which will last several mo?ths boyond their lmdlatc
requirements. Sout:iau coal is stored in the opon, and aomot.imu m ~
bins. Anthracite and bituminous coal may be kept for long periods of
time iv;thout losing their heating or powor values. Subbituminous coal
must be stored or piled carefully to protect lft: from weather, -and

lignite cannot be stored long because it dries out. .

14

»
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iropor_ ventilation removes mich of’ Jtho coal dust from the Jir ian
the :ln-.' 'IEM. dyst can cause & disease of the lungs or an explosion.
To further pre fnt or comtrol dust, federal lav requires that underground
-inn be reckdusted. In this process, the miners spray ptwered lime-
stone on ‘Y( exposed mrtml in the mine entries. The limestone
dilutes tho coal dust and so lessens the chance of an explosion. Mines
use water aprays to hold down the dust along a face that is being mined.

Mines that are located below surface or under mbt:.n*u:un stroams
are flooded with large quant:it:in of water which must be pnqnd out
constantlye. Hhon this water is pumped from the mine, it may pollute
nearby streams and water supplies. 'm United ﬁt_at:u Bureau of Mines
conducts a research program £o solve this problem. “

" Coal mining today is safer than ever before. Some of the improvements

have resulted from the d-nlopnom: ot’ i-prowd utot:y dovlcos. but sntoty
education has also played an important parte S.t.ty directors meet |

rogulariy wil:h employee groups, posters are placed at utiou- locations

| about. the mine to warn the workers, and associations aid in safety work

and imt:ruqt:ion of nl.mr:.

>

The United States ‘Bnto.u of Mines founded in 1910 and the Federal A
Coal Mine Health and Safaty Act of 1969, regulate the safety standards

of mines.
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+ STUDY QUEST10ﬁS R QuIiz

A. VOCABULARY} Define, then write a sentence in which you use cdrrcctly

‘ esach of the following words or terms. ; . )
- strip mining ‘s N drift mine -’
' underground mining - (] . slope mine .
. overburden: ,  slurry .
spoils ' - | " reclatm ¢
' shaft mine . i . run-of-mine ' . (
3. TRUK or, FALSE: Determine whether each of the following sentences is
~ true or false. . o _

1. Anthracite, bitu-inoul. and lignite may be kept for long porioda of
time without losing their heating or power values.

2. Undorqrmml mining r’oqniro more uin‘-r_l than does surface min

3. Mine work riquiron 1ittle or no education. -8

. Ge The United States is the world®'s leading coal expogter.

5a Strip mines produce ahout 60 per cent of the coal mined in the United
States. . -

6. All industries are likely to be seriously affected 1if anyching interrupts .

l . ,tho steady flow of coal from the mines.
| 7. Both strip and _underground mining are ‘done with the same toolse.

8. For every t:on of ceal dug. about: 10 conn of water are pumped out of a
-iMo ..

' coal is Aipp«l in plp.nnu in a soupy nixtura called slurrye.

10. West Virginia, Kentucky, and Ponnnylvanu supply about: 60 per cent
of the bu:ulinoul oo.l in the coum:ty.




* .

1.

,2; ;
. sdve, ignite) all the land they use for strip mining. \

be
3.
6.
.7.

8.
9.

10.

e

2,

3.

4o

3.

C. MILTIPIE cnoxcis Choose one word or phrase that correctly
conplotu each of the following sente..c9s.

-

. hads lile clome to the nprtaoo of the earthe.

The .law requires mine owners in the {United States to ( reclaim, -

As of, 1976, the leading coal mining country was (the umc.a States, -

Russ i.o China).

In ( shaft,'slope, drift) mines, the ant;tamc and exist puugu are
mtical.

In its nncuul state (-u\n. coal, utoty equipment) is classified .
by ranke .

-

Underground coal alnﬁ contain coal deposits (100, 200, 300) feet

* within the .earth®s surface.

The layer of earth and rock that covers the coal seam 1is called
(a shaft, a slope, the overburden). \ . ,

rd

" Coal 'u generally shipped. long dlﬁt:ancu by (train, tx\-uokl.’ barge) .
(Shaft, Strip, Slope) mining 1s fast and efficient. -
The (ldngvall. room-and-pillar, shaft) system is used in mbst of
the underground mines of the United States.

De HOW and WHY3

What are the chief safocy procaut:iom which must bhe taken in mining
coal? A
§xplain how impurities are removed from conl.
What are some of the major problems of the coal induitry?
What are soms of the job opportunities available in the nlning industryt
What are soﬁ ;ot the research dowlopnnu of the coal. indust:ry‘r

P4 o

*

Miners usually use ( shaft, otrip. undor;round) mining when the coal °

B e

Y
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- . COAL FACTS: COSTS AND BENEFITS : oW R
| ‘ - | ; | 2
I Overview Coal could be one of ‘the major sources of short. - .~ coow) Ky
. term increases in the suppoly of energy. Even - A 1
under the most otnservative estimates, theyD.S. ) . s
' has enough economically recoverable coal last - ' ;g
well into the twenty-first century. However, © Mo

_ coal production are high. e students examine
. - , the costs and benefits invoived in various
policies concerning 'the changes in.the present
production of coal.

’ the envirogmental, economic?and'sbcial costs of

' Concepts Costs & Bepefits ' f

Policy
: Major . The supply of energy can be increased in the
jerstanding short run in the United States by developing
N and increasing the use of coal, but this will
. . ' involve investment and tradeoffs. /’
. Student The students should be able to: _f
bjectives 1. Evaluate some of the costs and benefits |

~ of increased coal production. _
! . . 2. Develop and evaluate a policy position |

l“ § . on the development of coal reserves.
% ¢ Time . _ o
Allotment One-two class periods T
. ¢ " - _ ! '..—_’_,../’./_.:\ Ll oW @
‘Materials “The Coal’ Facts" I e, SR IS
ll | "Coal: The Costs and Benefits"

“"The President's Cahinet”

“
- *
~ -
. N .
. N . ' .

" Procedures - - = . .+ . - Commentary ... ... DR . L

' ACTIVITY 1

Introduce the students to the ' ' ' : . o oA
. idea of costs and benefits. : . “ ' S :
Remind the students of the . ) e~ B
shortage exercise in Lesson _ L. ' . R TR
1. 0il could not be delivered. - _ . : i
Assume that the community ' ' o S
decides to close down the | . . 4
. i} schools. L ’ ‘ Y

-

Qn'
i
)
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2. Bq;lhxﬁnq Northern
3. Union Pacific.

4. Peabody Coal

5. Soon (Cartexr Oil)

6. AMAX (20.6% Standard
Qil of Califarnia)

7. North American Coal
e

8. Occidental Petroleum

9. U.S. Steel

10. Kerr McGee

This coal may contain more

Reserves.

L4

-

anmdoptngcxmd.tahes}xnh

time and money. Opening
a surface mine takes 3 to

- 5 years. Underground mines

may take 5-7 years to
dévelop. It costs 20-30
million dollars to open a
new surface mine; -40-60
million dollars for a new
deep mine.

N ﬁiners make between $14,000 and $20,000 & year.

o0

E

. -

<y 0 \

-

Tl | wa - .- aa TJ!.!OAEI!kCTg.. SaR @O l!!l l—l  - s om

‘ | 390 billion tons of coal recoverable at today's prices.
s emn o Ceon tyan 5 times the energy in Middle Eastern 0il

Top Tgn-Coal‘Combaniea in U.S.

(1974)

N OO W N

?eabody Coal Co.
Consolidated Coal Co.
Island Creek Coal Co.
Amax Coal Co.

The Pittston Co.
TQe,U.S. StaellCorp.‘

. Arch Mineral Corp.

Bethlehem Mines Corp.

N. American*Coal Coxp.

'Peter Kewit Sons Mining
.- Divigdon': % - - -

97

4
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Number of Mine Workers . ! ' . 1\ RN

“in the United States ' ' ' -
(1976) ' : :
_ < )
Underground. | ) N ' C
Miners 123,000 ;,‘ - . , . e
Stxip Miners - 44.000 )
s T, - -

L4 . i

. Related jobs

. ~ in the mines gf,ooo _
| TOTAL /184,000 ' .
’ f { ‘ - - - c

: f( ‘. o . :

1]
' ~ ‘ :", | - ' flieatmdpreaaumq:pliedinﬁlﬂ
; - S L - | | right way can convert a 4 pound
’H T - - . . . pieoeofooalinmabouthuart
‘ !" Jobs Needed to Produce Coal . L - of synthetic crude oil or about:
N : ‘ ) 32 cubic feet of synthetic gas.
miners ) power shovel operators - Mese are very es&penﬂive products.
drill opexrators o . roof bolter operators : . h
) cutting machine operators tipple machinery oparators ' . )
chonotiih operators T carpenters
‘ loading @achine operators . construction workers _ . .
electridians explosives handlers 1
lubricafing specialists machine~tool operators
, i masons . mechanics : .. .
) pipefifters B clumbers _ d47% of the electricity -
| repaicpen e oo truck & tractor_mechanics | ~ 'used in the q“s’”c?ﬂ?'__
: : T ﬂ,)’/me T e o7, from coal. ' o
 aaumn S v .

.- . ¢ ‘ - 7. i ' . 59
58 _ . , | -




' G ONR OGNS OB MM AOE ONE MEN ABE e -DamC GO GO0 AEA BB DA Al -
- o - THE .COAL FACTS . L

Disfribution of United States Coal Resources

The burning of coal \
Coast Province . . . can p{(t)duce sult’u'r
N Mountain Province : and nitrogen oxides,

—~ Northermn Great Plains Province soot, and ash. De-

pending on the type
Interior Province

of coal that is
" - burned, these pol-
’A‘) lutants can produce :
v mild or severe damage t
J— D p " to the environment :
“” \, and to peoplae.

> 4 = Surface Mining can
l hurt the natural
» environment. As
: v . the coal is stripped
\ : away, so 1s much of

- Eastern Province . the topsoil. ' Laws %
. requiring reclamation S
of land do help. ’

Guit Province - This is not a lways

[[[[] Brumuinous Cus

[j Submlummous;Coal

m Lignite ya

possible. Large
amounts of water are

o
/

N ; , — needed and water is
. A K - ~ y
- $ource Bureau of Land ManagemengiBrant Eovronmentat impact Statement Proposed- ' often in short g up-
' Eacerar CoalLeasnd >naca 1w57 o Ply. Reclamation
o A . . adds to the cost of.
Y ’ , coal production. \

) | ]
-/

Underground mihing is

a dirty and sometimes

dangerous job. There The use of strip mining as a means of getting as
are more job related coal is increasing. 1In 1960, 25% of the coal was

~- .t .- -agcidents in coal. min-. - . strip mined. By .1970, about half of the _coal was .
ing thand 4ny other : strip mined. _ '

indugtry. in the u.s. . - ' T 61 )

; . . _
7 , . °
VARY *
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& THE COAL FACTS
L
Number of Mine Workers i .
in the United States : . :
(1976) - . The following products come from coal: '
’ sﬁoql' aylon plastic
Underground : ‘ , .
Miners . 123,000 - perfume aluminuw paint _ _ . ,
Strip Miners 44,000 . dye aspirin detergent /
; Related jObﬂ : . 1n'oc:tjcj@ . motor fuel
. 000 , “ ‘
in the mines ““""'—""17 9 - . drugs rubber food pt.l.tV?tiv.‘ - .
TOTAL ~ 184,000 : | ‘ - ‘
’ : . ‘ .
< . . /
. . !/
“ , . a 5 Heat and pressure applied in the
. right way can convert a 4 pound
- ‘ " piece of coal into about 1 quart
Jobs Needed. to Produce Coal . ~ of synthetic crude oll or about
: 32 cubic feet of synthetic gas.
wminers ; _ power shoveélsoperators ' These are very expensive products.
drill operators rYoof bolter operators ' ‘ '
cutting machine operators chplo machinery operators
A locomotive operators carpenters .
loading machine operators construction workers T
electricians , explosives handlers - '
Iubricatxng Spe(..lal.lsts . machine~tool operators
masons , ) mechanics i : ' . :
pipefitters rlumbers _“__:0.__”_“__'__3173..of-- the electr‘{ci ty
repairmen » _ truck"_jw,;rnctar.imechanic:----i7'"""7'" - used in the U.S. comes
. . e e i e ; t’.rcm coal.
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LEADING COAL-MINING STATES
Tons of Coal Mined in 1969
.
' Virginia
A o A 33,6000,000 cors
Indians .
Kcni::t{oo.ooo tons ) 20,100,000 tons .
: ’Alatm-
Pennsylvania ! ) ' '
89.100,000hcon. . , | ;;a , 17,300,000 tons
/ 4 Tennesses :
I1l1inois . o 8,100,000 tons
64,700,000 tons ‘ ‘
Colorado

5,500,000 tons

Ohio '
$1,200, 000 tons ' o . L

. t—— ————

USRSV

* LEADING COAL-MINING COUNTRIES
Tons of coal mined in 1369

Russis Cermany (West)
670,204,000 tons : 242,307,000 tons

United States Poland ,
470,978,000 tons " 181,973,000 tons

China _ Creat Britsin
364,000,000 tons 168,621,000 tons

Csechoslovekia

Germany (East)
117,442,000 tons

274,476,000 tons

India
85,247,000 tons

. : ) Australia
- . 76,433,000 tons

(From the World Beok Inoyclopedia)

————
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Yeas

1800
1810
1820
1830
1840
1830
1960
1870
1880
1890
1900
3010
1920
1930
1940
1930
1960
1970
976

ok

Short tone

108,000
178.000
334,000
$81.000
2,474,000
8,336,000
20,041,000
40,429,000
79,407,000
157.771,000
269.084,000
501,396,000
638,263,000
536.911,000
512,296,000
340,388,000
434,330,000

812,641 000
644.913,000 .

Metric tans

97,980
161,300
303.000
799.200

2,244,400
7.380.400
18,180.v00
36,676,600

' 72.036.800

143.127.400
244,653,200
435,040,200
597.167.900
497.077,400
464,710,800
308,37 3,400
304017500
355,.796,706 '
431,142,600
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.. The United States must make some major decisions about enerqgy for
the near futura. Many experts point out that the demand for enerqy
is growing faster than the sup ' of energy. This scaroity of
energy will create serious. lems, o

~

. Assume that You are an visor to the President. The President
vi . 7 wWantis to know if the nation should increase its production -of coal.

To make a good decis n, the President must know what are some of - -,
the benefits.and somg of the costs of increased coal production.

Al

. . é" » .
- Examine the data on /the Coal Facts sheet. © - ad
) AR , L S
List five costs and' five benefits of coal production. Remember
that costs and benefits include not only money.but also changes "o
in the number of jobs, foreign relations, working and living
conditions. - . ‘ ~ - oo
Benefits of increased Costs of increased . ‘
X coal production -coal production ‘ '
,:1f-:_ 1.
. ‘_'. 2o 2. ‘ Ly
’ 3. X . . m‘" ' 3 L]
4'.' ’ I ) PR va 5.4; v ¢
5. . ‘ NG . ”\\5~ 3
o | . . L. . * . | ._:;.
B :‘N . N e o - ) . ' ) BN >
.. X b \ ) . - L
-Look back at the costs and benfita“that~you.have\llsted\ . U eal
. '$ut;a star before the most serious cost and 4he gék$'im§or;a§ﬁ PSS
. benefit‘ . &/: . . ) . 4 : . ] - R B , . .;""‘ . “
. o T . EREEE v . o, ’ ~ ._.l g T N R
o+ . On.vwhat basis did you make tha%_dec;sion? ] . A
.“:" o' : ) ‘. ‘ o v ’ ~ - - . . - T < )- : ’ @ a3 t‘?:
oo R
+ : o . . . \L we “ !'5 ﬁ:‘.::'”r n\
) e , . sg .
7 % ! * "'yé .'.“
: ' ¥ "'ié . Q;
.‘/‘ ki A 4 ‘-{;?:. ) ‘ . '/ N ) "“' ;
P - 2y 6 7 - (3 ] ) *
. ‘%' - e . N\ A




. Students apply the grapﬁ'methods of analysis em- -

03 of ol t
Is: natur

— Coal and Natural Gas Supply Lifetimes

elermme the lltotimaa of two other {ossil
gas and coal.

i!:yed in determining the ufetime of United States sup-

. Relate ail to other fossil. tuels

Bugm with a dlscussion of why oll is callod a tossu

fuel.

“Are there other fossil fuels, those materials formed

: l-ghousands of years ago by the decay of plants and
animals and the pressure of subsequent layers of
rock and earth, which release their stored energy .
when burned?".

Identity natural gas and coal as the other fossil fuels.

Organize student invesﬂgatlon of lifetimes of other
fossil fuels.

“Are the United States supplies of naturai-gas and -

fuels to meet future demand? Let's find out.”

I coal also running out? Will we have enough of these

(] Divide the class Into three groups. Assign two °

\'-

-

- '- - -." - -
! ]

. -
v /'

The long lifetimes for coal may require students to .
-aftach additional sheets to their graphs, if the -

"

.The objectives .of this day's activities are to sum-

groups the task of determining estimates of the
litetime of our supplies of natural gas and one

_group the task for coal. One of thq'm%groups for

natural gas will examine future suppligs with a
future consumption rate equal to the rate for
1970-1974, the other will study the supply litetimo
‘with a more realistic consumption rate.

Note: The lifetime estimates for coal greatly ex-
ceedthose for oil and naturali gas. The demand for
coal has not increased in the past 30 years due to
the increased Use of the oil and natural gas alter-
patives. Thys, an increasing consumption situa-
tion hasinot been presented, since projections so
far into the future might be misleading.

Distribute copies of the task sheets and graphs
(enclosed) to each student in-these respective
groups. Answer sheets are also enclosed.

- Allow approximately one period for students to
complete the tasks specified on the sheets. Circu-

late through the classroom to determine if stu-

dents are able to proceed through the tasks by

examining their responses to tasks .1-3. These
tasks cover the more elementary graph interpreta-
tion skills. An answer sheet is enclosed.

o

same graph procedures are employed. An alter--

native arithmetic method is suggested on the task -
sheet for the constant consumption pro;ectlon

— Fossil Fuel Lifetimes

-.arze the results of the students’ investigations of the
times of natural gas, coal, and oil and draw conclu-
ns concerning the finite nature of our fossil fuel re-

ources as wall as the likelihood of future shortages.

~
-

2y

3

-

¢

-

1. Recdrd summary staiement of fossii wel ifctimes on

a chart. Construct on the blackboard a ta-'e similar to

.the following:
United Statos Oit Supplies
Futures 1. Low Estimate 2. ‘H‘gh Estimete
Conjumption (reserves) (uiumately
. 62 billlon recoverable}
£ . . barrels 7§02 billion
- barrelg -9

A. Constent (does
not Ingrease)

8. Incnuu {es
- in past 30
yeas)

, United States Naturai Gis Sdppilm

Future B
Consumption

1. Low Estimate

{resarves)
2980 trillion
cubic fest

4. High Estimate
“Aultimately
recoverable)
2.390 triltion
* cubic feet

A, Constent (dows
not incresss)

B. increases (as

in past 30
yesns) ° ’ -
United States Coal Suppiies
Future 1. Low Estimate . 2. High Estimate
Consumption (reserves) T {utimately
: 150 bii tion recovarabie) -
tong 1 ,509 Billion

AL

tons

Same as in past
26 vears

B S —

b v — .

&

Vi

Ask students to fill in the ifetime determinec ‘c: each
situation and the span of ygars in which the supply
-, will be totally ‘consumed. ‘

The answers are:

1.

-

, . -
. 2.

kY2

oil A

6-10 years, 1980-1984 -
6-10 years, 19801984

90 years, 2060-2064
40 years, 2010-2014

Ges A

10-18 years, 1985-1689
10-18 vesrs, 1986-1969

110 yvears, 2080-2085

© 096-7Q years, 2040-2045

Coal

' 378-400 yeers, 2350-2374

|
|
I
1
E

4,000 yaers. 6860-5975 i

L
—

68
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(Tachnical Note: Ti\o estimates of fossll fuel supplies
wero obtained, with ong exception, from the U.S.

- Geological Survey — ses NSTA Energy-

Environment Source Book, Chapter 2, Volume 2.
The estimate of coal reserves, 1650 billion tons,
was obtained from the “U.S. Energy Outlook, A

- Sumgiiary Report of the National Petraleum Council,”

December 1972. A higher estimate, 390 bilion tons,
_18°given by the U.S. Geological Survey. The lower
nNumber was chosen to facliitate the students’ graph
analysis.) '

- 2. Discuss with.students the implications of this sum-

(3 Note that aithough it is realistic to assume that the
demand for fossil fuels I8 likely to increase, the
litetimes for oil and natural gas are still short even
when itis assumed that demand willnot increase.

" (3 Compare the lifetimes of the fossil fuels with the

lifetimes of the students. Are-the expected
lifetimes of the fuels longer or shorter than the
students? if demand will exceed future supplies,
what is the likelihood of future shortages of the
fossil fuels?

" O You might also discuss thegimplications of the

differences in the litetimes estimated for reserves
versus those for ultimately recoverable supplies.

. Ask students to recall the dilfetences between -

these two types of estimatea. If néw, more costly
methods of mining and recovery need to be de-
veloped to extract oil and gas.from new types of
wells, will the price of these fuels increase? Is

more exploration required?. T,

(One aspect of the future supply-and-demand

~ situation fof fossil fuels that has been purposetully
overiooked in this mini-unit is the etfect of impots.
Our domestic supplies for oil, even in the past
. 30 years, have not met,domestic demand, since
our production capability, i.e., drilling and refining
activity, talls short of demand. Thus, today we im-
port close to 50 percent of the crude oil that we
consume. Our imports are expected to increase in
the future as it becomes more costly to extract our

domestic supplies. These facts may be brought_

into a more general discussion outlined beiow.)
- As a concluding discuss on, - explore -with the stu-
dents the possible oo'r_tsoquences‘, of oil and gas
shortages. - '

“Are there other alternatives to fossil fuels ? Can coal
e employed to replace oil and gas? How will shor-

»

~tages of gas and oil affect consumption of coal? Do

- other nations have enough supplies of oil and gas for

_ themsaives as well as for us?” (It is often noted that -

+ * the United Stafes has 6 percent of the world's popula-
tion but consumes 25 perteft of the world's.enargy.), .
» 'y

Several .of these points are examined in other mini- - .-

.

units..

Evaluation Zug ; ssicns . ol
1. To evalu%e SIUGBNT LACEISZ ~Cinn of the concepts of
d

" supply,
« apply them, employ questioi > 1 the foliowing type: -

mand, ana shonage and their ability to

“A'sqda machine at a beach contains 100 cans of
soda. On a hot day, each p ~rsonlconsumes an aver-
age of two cans at 25 conts each. If there are 60
people at the bedch on a hot day, :iil#heie be a

" shoitage of soda? It 30, how much? E plain.” (An-

swer: Yes, 60 x 2 = 120 cans = Demafd. Supply =

Ll

100 cans, Shortage = 20 cans.)

2. Present. via overhead projector andjor duplicated

copies, the mini-unit pictograph ‘that shows Unifed

States consumption ot oil (or natural gas or coal). Ask

students to interpret the pictograph as follows:

A. "How many barrgls of oil (cubic feet of natural gas
or tons of zoal) ware consymed from 1960-19647"

. (18 bitlion barrers.) )

B. "How many barrels of oit-were consumed from
1845-19647" (56.5 biliion barrels.)

C. "Indicate the number of barrel symbols to be
shaded to show a consumption of 35 billion barrels
of oll.” (three and one-haif symbals or -
OO0 oOCc . X

D. (Assuming students have a copy of the picto- -
graph) Shade barrels in the pictograph to show the *
number of years necessary to exhaust a reserve
of 120 billion barretfs, starting in 1975 with con-
sumption g ¢onstant 30 billion barreis a year.

Answer: 1975-1979 (T) () ) .

: 19801984 () O O o
19851989 () O O
19801894 () - O

E. Shade barrels in the ‘pictograph to show the’
number of years-necessary to exhaust a reserve
of 120 billion barrels, starting g 1975 with con-

~~-8Umption at 3Q billion barrels for 1975-1979, in-

creasing to 40 buiion Larsrels tn 1980-1984, to 50
* ‘biliion barrels in 1965-1953, and to 60 billion bar-
rels in 18990-1994, stc. ' )
Answer: .
1975197 ) ) O ~
1980-198¢ () O O O
01851989 5 O O O O

F. Ask students if tney weuld predict ashortage of oil
in the future and, if s, why. (Yes, supply becomes
exhausted bdt demand continues.) :

G."How can a shortage be prevented?” (Increase

’ 9uppl)y and/or dacrease demand, or find aiterna-. -
tives.) - .

-

(R}
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Naturs! Gas Consumption— - .
Past and Futurd”
Constant Futur¢ Demand
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GROUP A TASKS -

Are there sufficient United States supplles of natural
gas tg meet future demand? What are the lifetimes of, )
United States supplies of natural gas? Completo the
following tasks to find out.

<

Examine the a_ooompanylng graph.

A. What are the units of th scale at the top? |

B.How much natural gas does .each
symbol represenmt? i

1
S
.

_ C. Draw the number of symbols which would repre-

. sont. -

20 trillion cubic feet .

13 trillion cubic feet "

o )
5 trillion cubic feet .

The abbreviation for trillion cubic feet I8 TCF.

-

Construct a table with the following headings:

Amount of Natural Gas Consumed
Years- (in trillion cubic feet)

1945-1949 N g .
1950-1954 : A
1956-1959 ' ,,
1960-1964 - -
1965-1969

1970-1974

-

~
.

A. Read the graph and enter into the table the
_amount of natural gas consumedfih each five-year
period from 1945 to 1974,

B, Did demand increase or decrease? How many

times greater was the amount consumed In

' 1970-1974 tlan the amount cansumed In’

- 1950-19547
C How many times greater was the United Statdls

populationin 1970 thanin 18507 (Reterto work on.

oil or see 1973 Almanac.) Is your answer to 28,
the increase in the consumption of natural gas,

greater than, equal (o, or lass than the increase -

in the United States population?

.
3 . \

4. AHow many symbols

s

~

J. Eatlmataa of the supply of natural gas in the United

States are: -
NN
' Ulnately
Resorves : “coverable
Natural Gas. -
{in trillion 290 2,390
- cublo feet) - '
- G

A. Caiculate fr_om ypur mble or graph the total
amount of patural gas consumed in the past 30
yeats (1946-1974).

8. Is this amount gfeater than equal to. or less than
~ the reserves of natural gas? _
e
Cllsit greater thah, equal tq. orless than the amount
ultimately recoverable? °

D. it in tha next 30 years we attempt to consume the
same amount used In-the past 30 years, will we
run dut of raserves?-_ Qut of ultimately re-
coverable resourcas of natural gas? - Ex-
- plain your 8NSWars. '

ﬁ"would be required to -
represent the amount ot natural gas reserves?

. B.How many symbols would be required to repres-

ent the amount of ultimately recovarable natural
gas? o

5. AHow much natural gas was consumed in

1970-1 974?

How many symbols are used to represent this.
quantity ?

B.Color this many symbols in each row afier

1970-1974 until the total number of symbols
‘equals the reserves of natwral gas. In what five-
year period would the reserves be totally con-
sumed? What is the lifetigae of the
'+ United States reserves cf natural gas ata constant
consumption rate? _ '
C.Similarly, color the number of symbols in your
answer 10 9A in each row until the ultimately re-
coverable resources ol natural gas are totally
consumed. . In what five-year period does this
occur? What is the lifetime of ¢he
ulrlmataly recoverﬁble United Stdtes supplies of
natural gas at & constant consumption rate?
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Natural Gas Consumption— J. Estimates of the supply of natural gas in the Unitad
Past and Future States are:
Ultimately
Increusing Future Demand o Reserves recoverable
GROUP B TASKS : Natural Gas .
" (in trillion 290 2390
Are there sufficient United States suppiies of natural " cubic foet)

gas to meet future demand? What are the lifetimes of
United States supplies of natural gas? Complete the
foliowing taska to find out.

“A. Calculate ttom your tabie or graph the total
amount of natural gas consumed in the past 30
years (1945-1974).

1. Examine the accompanying graph. B. Is this amount greater than, equal to. or less than

¢ the reserves of natural gas?
A. What are the-units of the scale atthe top?

C. Isltgreater than, equal to, or less than the amount

“ultimately recoverable? .
B.How much natural gas does each . D.1tin the next 30 years wa attempt to consume the
symbot represent? ,- same amount useq in the past 30 years, will we
. run out of reserves? _.__.__ Qut of ultimately re-

Ex-

coverable resources of natural gas?
plain your answers.

4. A.How many sumbols B would be required to

C. Draw the numbaer of symbals which would repre- -
' repreisent the amount of natural gas resoervas?

sent:

20 trillion cubic feet . e e et e
e ) B. How many symbols would be required to repres-

ent the amount of ultimately recoverable natural

t

13 trillion cubic teet

gas?
tril!ion cubic fuet . -
abbrovnation for trillion cubic feet'® TCF. 5. Arealistic projaction of future consumption of natural
gas Is given by the following set of numbers:
2. Cqnstruct a table with the following headings: Dﬂm:d Dcma:\_d 00"!'('?“
. . in tn |- Hn
. trillion triftion ) trjllion
Amount of Natural Gas Consumed . cubic cubic cubic
Years (in trillion cubic feet) ' Vear foet) Year  feet) Year  foot]
1945-1949 ' 1976.1979 126 |2000.2004 _ 168 | 2026-2029 221
1950- 1954 i 1980-1984 134 | 2005-2009 177 | 2030-2034 224
1955-1959 « 19861989 141 | 2010-2014 188 | 2036-2039 24}
1960-1964 oLt " 1980-1994 150 | 2d16-2019, 189 | 2040-2044 * 261
1965-1960 ) ‘ 1995.1989 168 | 2020-2024 210 2045-?” 276
1970-1974 4 A. How many symbols are required ‘or eatiof these"

numbers? 126 TCF ¢ 134TCF _____

- » 141 TCE . M50 TCF .., 158 TCF
A. Read the graph and enter into the table the ) .
amoqnt of natural gas consumed in each “VO‘VQ&T B. Color the symbg[s ineach f@"N up to tMSB‘YGSPBC"
period !rom 1845 to 1974. - tive maxrmum amounts unti| the reserves of
3. Did demand bncreaaa or decrease? How many " natural gag totally gonsumed. In which five-
0.1974 “\80 the amount consumed in " lIs the lifefim the United States reserves of
= 1950- 1954? % -9 ¥ natural gas at an increasmg Consumptlon rate?
g: How many times gre r was the United States . . '
_*population in 1870than in 19507 @efer to work on C. Similarly, color in each row up ‘o the ‘maximum’
oil or see 1973 Afnanac.) Is your, answer to 2B, ’ amounts until the ultimately recoverable natural
the increase in the consumption of natural gas, gas resources are (olany.consumed: in which five-
in the Unltad Stateq populatnon? . . 18 the lifetime of the ult:mately recoverable

: Umted States supply of natura/ gas?

r

73 | ' |
\} . .

-
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‘Cosl Consumption-—

" past and Future
Constant Future Demand
GROUP C TASKS

Are there sufficient United States supplies of coal to
meet future demand? What is the lifetime of United
States supplies of coal? Complote the following tasks to
find out. :

1. Examine Graph 1.
A. What are the units of the scale at the top?

B. How much coal does each pile of coal, or symbol,
" in the figure represent? -

”

C. braw the number of symbols which would repre-
sent; '

2 billion tons of ¢oal

- -1 1/3 billion tons of coal

2110 bnmon tong of coal
. The gbbrevuation fora bimon tons of coalis B tons. -
2. Consxrq;:t a table with the following headings:

- Year;x :
"1945-1949
1950- 1954
©1955-1959 .-
1960-1964 ..
: ' 1965-1969
. . 1970-1974

'«db

Coal anshqu

~ oy

t'-'f'(-\_ .
.

A. Read tpe graph and enter into the table the
_. amount of coal consumed in each ﬂ\Ie-yegr Reriod -
, from 1945 through 1974.
' B Did the demand increase, decrease, on’omain the
.same in the:iast20 years?
many times greater was the amount consumod in.
' ©1970-1974 than In 1950-19547
G.How mugh:did the United States populatlon lh-
‘crease from 1950 to 19707 (Reté8r to, yourwork on
oil or see 1973 Worid Amanac) ___Is
: your answer {0 28, 'the change in consumption ot
' ~ coai,greater than, equal to, or leas than the i
: . creasenin United: Staies population? -

3. Estimates of the supply of coal in the United States

t

. ' are: - ’ . o
- " Ultimptely.
e Reserves recoveraplo
l Coal N '
(in bithon 150

1,500
tons) ' '

-How -

R

)

- .sumad?

A. Calculate from your table or Graph 1 the total
amount of coal consumed in the: dast 30 years
(1946-1974).

8. Is this amount greater than, equal 10, v~ less than

the United States reservas of coal?
Is it greater than, equal to, or
Iass than the amount uitimately recovorable?

C. It In the next 30 years we attempt to consume  tha
same amount used in the past 30 years, will we
run out of reserves? __ Will we run out of
ultimately recoverable resources of United States
coal? . Explain your answers.

4. A.Mow many symbols would be required to repre-
“gent the amount of United States coal reserves?

B8.How inany symbois would be reqdired to repre-
sent the amount of uitimately recoverable United
States resources of coal?

C.How many symbols would represent the total '

amount of coal consumed in the 25-year period
1950-19747 :

Enter this number of symbols on the first row of

Graph 2 and in every succeeding row until the

United States resarves of coal are totally con-

sumed.

During what 25-year period will the Unlted States
- reserves be totally consumed?’

What is the lifetime of coal reserves?

LY . ¢

5. A.How many future 25year periods are there; i.e.,
how many rows did it take to totally consume all of
the coal reserves?

“ -

S

|- B.ls this approxjmately the same number you

would obfain by dividing the amount of the re-
_serves (150 hillion tons) by the consumption in the
25-y@ar ‘period 1950—1974 (see your answer to
40)?

Cit you took'your answér to 5A, the number of
25-year periods,.and multiplied it by 25 years, do
you obtain the sare answer as in 4C for tHe re-

N sorve litetime? ,

Explain _____ i '
8. Your answers to 58 and C suggest aﬁ aiternative

- method for calculating resource lifetime when the -

consumption remains constant,

Using the estimate of 1,500 billion tons for ultimately
recovérable supply of United States coal, caiculate,
using this dfernative method the litetime of this

supply

During what period would thns supply be totauy con-

. ’ v
7 3, o .
RN .
. re o

Av



I GRAPH 1 i
U.s. Comumpﬂon of Coal, 17948»1074 o

I \.
.. . Years d L ~ Billion Tons |
? I 1945 - - ~

1949

. |
. 1950 -
; B e
i 1955 =
gf' 1959 \ 0.1
¢ .
}jl 1960~ |
( 1964 0.)
1
i 1965 =
é' 1969 0.5
8 970-| A o /
:{. | 1974 : '!E:=Q5
i
4 T

b 3t
Each equals 1 billion tons A
: - % .

77
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1. Fill in the names of the states that have coal reserves.

2. Can you tell from this map how waay tons of coal we have in the
United States? Why or why not? N

3. Notice that there are large deposits shown in Michigan, yet coal is

J;;}“ sub-bituminous

dh,
anthracite

4. From looking at the map do you think that tha area you live in has
electricity produced from coal? Check wit.h your. local utility plam to

L1

find out whether or not you are right.

not mined there. Gan you guess why not? P .
- - !' - \‘ ’ .') ] . )
r 2 .—-‘\ 0
A
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'?HE COAL STRIKE OF 1978

SCHOOLSCLOSE . .-

- <
for 2 weeks | “\)5 |

@d& Detroit Layé Off 1,000 Workers

(13

Presudent Orders Coal Mmers \
Back towork ~

A\

=

These headlines show some of the effects of the long cqal strike

."of 1978. NWhich of these effects do you think are most serlous?

Whlch(?re least serious? ‘Why?

.

%ﬁy might gchools be ordered é;osed during a shortage of coal?

L .
- AT . b
¥ . » . . Bl 2

WQy mgghtnyOu close ;ndustrieg?

-

b
#

.- What other alternatlvel are available for dealing with the &
. shortagep : :

-
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Ul TINNS a1 soaonry

By Alten K, Short * - - - -
Associated Press C

P8 i : )
FAIRFIELD, Texas — In a re-

‘gion better known foc il wells
than strip mines, some of the na-
tton’s biggest oil and energy com-

g panies aye quietly acquiring leases

on millions of.acres of farm and
ranchlands. S

The heavy investment in six'
Gulf Comt states comes as com: .
panies such as Phillips Coal Co., &
subsidlary of Phillips Fetrolouni,

_ Exxon and 10 other energy con-

cerns anticipate a.coal boom that =

could forever change power use

patterns in this ojl-rich region.
Lignite — - soft beown . coal

. In_ oqWterR- 1
water is:# lngo" l‘nt:; ﬁ\ﬁ“ Yy
il fieldy, dgtoe state's 23.
S#ilion Afkan of lignite are already
' dm.!_%thu% strip mines
o By \

a3 electric uttlities: Eight generat-

S 2 1hg- plints located: right at the .
~ mouths of-the consortium’s mines -

“

Phillips Coal, founded in Dallas
six years ago, new holds leases 0On

more than a million acres, while a .

dozen other major oil and’ coal
companies own lignite rights on -
. an additional 3.4 million acres in
Texas, Louisiana, Arkansas, Ten-. -
nessee, Mississippi and Alabama.

A recent study by the the Texas:w
Bureau of Ficon Geology esti-
mates the region’s lignite reserves
have the energy content of more

‘ural gis reserves combined.

As a result, lignite mining along » =~
the burgeo ulf Coast is pro- =,
{octed to soar from 30 million tons .

ast year to as much as 138 mil-

lion tons by 1990. Barely a decade

ago, only 2 million tons:a year °
were being mined in the six-state °
region, the bureau said. ) .
. James Van Reenan, vice presi-
dent for marketing of Philli

Coal, said lignite is fast becoming

the fuel of choice for the region’s
utility companies and heavy in-

bles

than double its proven oll and nat- ~ *

' . “Texas land for lignite

_ As a fuel, Gulf Coast lignite is
only slightly less efficient than
-Western coal and transportation
~costs are almost non-existent be-
:cause the plants are mnear the
‘mines, Van said. And it's
ocksier to reclaim strip-mined land
along the flat, verdant Gulf Coast
than in the arid coal fields of Wyo-
and Nocth Dakota, he added.

in a ce and

owes its existence to

:‘ ",,“thexume ogical process that
. i produced 'ﬁo‘ Texas oilfields. The

an 70 nfillion years

_process
. ago when sjit covered a thick lay-

., ¢r of plant matter along the Gulf
+ The fossilized remains of the

.vegetafion are lignits, which lies
1 19 to 200 feet below the surface in
« a (iant black blianket

- the Texas-Mexico border to Ala-

" bama and Kentucky. Older depos- = °
materials became

its of
pockets of ol and natural gas.

. *. Hxxon {8 designin apropos_ed.

ES

plant to
A\

soft, chunky lignite resem- .

read from
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It the company goes ahead with
the plant, lignite mining wouid be-
gin near 'h'ot;r, Teng, in 1986
About 600 mill

Philljps, which also is
about’ building ,syng:‘els plant
along the Gulf Coast, alroady

signed contracts to Supply ssveral | _.

mine-mouth power plants in Loyj-
siana with lignite. i

charge Cajyn Flectric Pqwer Co-
Operative $¥ e ton for lignite de- -
. 's proposed power
plants 40 miles south of Shre- -
veport. In'compatison, te de-
Ntvered to Houston from North Da-.
kota cvets about 433 a.ton, which

' includes rajl costs of more thap

$20 aton, Vap Reenan said.

' Dak
hrgutatbwbﬂllontom-only
one of the region’s six states, Tox-
as,’is now burning lignite to light |-
hornes and factories. '

megawatts of power — enough to
serve?a’ community larger ﬂt‘tlmn

ties say they plan to operate
nite-fired plants in Texas by-1989.
Lignite development {sn't pew
to Texas, says state goologist Wil !
liam Kaiser. In 1929, 60 percent of
al electricity produced in Texas
came from coal-fired plants. Byt
as ofl and natutqa] gas deposits
were discovered, h'gnlte"felro into
disfavor because of mining costs -

and lower energy effictency. .

”~

In 1980, the three utilities that
make up Texas Utilitieg Generat-
{ng Co. satistied one-aixth of Téx-
as’ total energy detngnds by burn-
ing lignite. - : .

“You might say Texas hag en-
tered its second phase lignite
mining, the modern erafdprought
on by the price and availability of
natural gas,” said K&heri . ¢

' Falcfleld, Tex
' ator at a strip mine In Faicfleld,
:l:r:mo?mln exposing a seam of Texaa lignite cqal.

A8

Nashville Barinver, ‘Wednesday, July 22, 1881
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' . . USES OF COAL . | "
\ l . ¢ . - ) :
v I, Chemical content and classification .
' "II. Coal #s a fuel |
_ " A. Past and preaént use . . : .
. ¢ - Bs Future predictions .
) l 7/ C. Coal as a fracfion of total energy sources ' S
o D. Production of electricity ' ' _ A e ‘
‘ III. Coal as a raw material . | . ~ SR o
" A. Coke production Sy : . .o Co
',. ‘B. Coal proddots ) : : Tt N
Ce, Qaairiéationslmd hydrogenation . E .
l IV.  History of coal. use' ., ™~ B o I '
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1 “ objgou\,euq‘studonta will be able to list the four types of cqala, their heating
values, and discuas their uses.

..

l_ - - The Uses of Coal

. . .
The chemical composition and moT¥Ture content are the two things that
l determine how coal is used. Coal is not a true mineral. It does not have
a fixed chemical formula. All coal consists of certain solids and moisture.
The solids are composed chiefly of the elements carbon, hydrogen, nitrogen,
\ ‘oxygen and sulfur. But coal variea widely in the amount. of each element it has
I as wéll as in-its moisture content. Thus, no two deposits of coal are exactly
alike in their make~up. . ¢ ‘
. Coal 18 usgually classified according to how much carbon it contains. There
' . are four main groups of coal. The carbon content decreases from 1 to . '
’ - 1._ ahthtacites - . - N '
-bituminous SN
subbi tuminpus’ ’ . .
. lighites  (brown coalsi oo o \(’

.. -
gl . " T

anthgacites contain about 98 % carbon. The lowest yanking lignites have a

carbon content of only absut 30 %. Thup anthracites and bituminous coals

hgve a higher heating value t.han do subbituminous and lignite ~oals. The

moist,uw content increases as” you go down the. rank. ‘Heating value refers to

the .amount .of heat a” given amqunt of whl will prodfice when burned.

L Bit,uminous coals are by far the most plentti‘ul and widely in use oft the

I ¥ major ranks. They are the only ‘ones suited to maké coke. Aqthracites are hard
"to ignite and burn dlowly. Thus tfhey are unsuited to todayts standard method

: ~ .of producing electricity from coal. Anthracites are-dlso-the least plentiful

' *, of the four: ranks. Less than 1 % of the coal fquﬂd,..in the Unitad States is

L ant’hrHCite’ . “5 \\ﬂ " R ¢ .
' ~ e . B T -

l Ques&éaons v e \\ T . .

l 3 The anthracites "have the g_reateat carboh content. ‘The nighest renking
{

.

£
_—y

1. What, two things mainly deté‘x:mine the usy in which coal is used"

’ .
- .“ -
M ¢ . . . - . . ~ A A
. . A . . .
. P . - . N . .
. ! N N '
. - " - . . . . .

2. Why is cbal ndt;a tme-mideﬁal? - _.*_w D

g

I T 5» wrmi,‘ are the % cnief, elemengs 'fdund in cosl? . .

. o
. h.' Rank the four main classes £ coal from tbe lowest heating value to the highest. .

S., How does the moisture eont.ent off coal affect the heating value of coal?

(o which type of coal 'La moat \d.dely uaed in t,he U S. ? ‘ - , o
. ? ' 5 [ TN . .

7 Which type of coal. ia the klewav:t, plentix‘ul? '

8 bmy «dra anthr&cit‘es unsuited Lo t.oday s standard methoa ot px‘odpcing
electriait.y from co,al?
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Activity Master 6 /

How Coal is Used

This activity follows coal from.the mine to your electric light.

1. ' 1. Coalis mined either by surface or under-
. ground mining. Before it leaves the mine,
/ - it is often cleaned, crushed, and sorted.

g; ~ I C e
Q \\ | .

2. -About 2/3 of our coal is transported by

rail. much of it in special cars. One coal

" train can carry as much as 10.000 tons
per trip. e

Alnay®

/ & ) ‘ 3. 46 pergent of U.S. electrical generators
- are powered by coal. Power plants burn
-+ codlto turn water into steam. The steam _
turns a tyrbine, a series of wheels with -
“vanes like a windmiil. The turbine rotates
coils of wire in a generator through-a
i W magnetic figid to produce electricity.

"1e. 4. Eloctncuty 8 transported on wires at very
high voitages. Electricity is usually not
f\- ’ shipped more than 600 miles by wire be-
. ' caule of expense and loss of energy.
o . Only 26 percent of the original energy
remains when the electricity i),-. ‘used.

8. " 5. Electricity lights the Iampsmlmrhomh.

' ' .. How many other uses of electricity in
) . . : your home can you name? Write them on
! : . the back of this paper. Then place a star .

betare those you think you could do
. without. . . ~

1 I

Son}c, Facts About Coal o

Decide whether each of the following facts i1s a problem (P)or an opportunity (O). PutaP -
or an O —or both — ineach biank. Dn the bggu)f this sheet. write down ways some of the
problems couid be overcome. Compare ) with your classmates

e 1, 90 percent of U.S: fossil fuel reserves - ————— 4. Wp have enough coal to last tor 350
(coal, oil, hatural gas) are coal. . years. at.current level of yge.

e 2. Some deep mines are dangerous. ————— 5. Mining coal can cause damaoeﬂo the
1 . ©\  environment.

—_3 50 percent of our mineable coal mntho ' ———— 6. In the future. we will rely more on coal

western Umtod Statde. as a source for synthetic oll and gas.
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Objective~ Student will unscramble coal vocsbulary using clues.given by each word.

1.

2.
3.
L.
™y ' 5.

L4 6.

7.
ﬁ.

9e

10.

N

.

- i ) -

+ WORD SCRAMBLE~ LOAL

DIOJLI All caol consiats of moisture and .

SETECARHT%A -Goal with the greatest carbon contént_

RUITIBSOUN Hoat.widely used coal type

SLEITGIN | Brown coals |

THINGEA ULAVE Amount of heat a.giVGn amount of coal
will produce. -

ABRNOC Element found 1n_§ogl \ 0 -

LFUUSR Iqurity found in coal |

LCTEEIRCYIT Coal is the fuel used chiefly in the

production of .

FLUSUR IODIDXE Poisonous gas that comes from burning coal

TIBSUMINOU  50% of this coal type in the U.S.
has medium or high sulfur comtent

v .

Yo
"
s
o
-



Objective~ Student will be able to graph the usage of coal in the U.S.

)

USES OF COAL IN THE UNITED STATES

of coal were consumed or,exported Uaing the information below, com-
e the graph below.

1 % - heating , ’%

9% ~ exports . e

) According-to the 1976 U.S, Dept. of F:riorgy tigures, 563,228,000 snhort
to

) . : .

9 % - general induatfies ' ; \
¢ . p e .

13 %4 coking coal .-

| - P

@% - electric dower .

' »

*

\
. * . *
G EE R =R AR BN D G SN A D N B B B O B S
. B : .
- - -
» :]
.
-

Lo 93
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Objective~ Students will bDe nbleito graph present and future energy sourcea for/

the United Statea, and then apecifically deterwine the role of coel
as a fuel source,

Energy Use Now and Future Predictions

Int he U.S., we use oil, gas and coal to provide most.of our energy. o1l
or petroleum accounts for about Lh % of all the energy we use, natural gas
accounts\ for about 31 percent, and coal provides about 18 %. Uranium provides
only about, ‘i % and water power provides 3 §. ‘

0i1 and gas are cleaner fuels to burn than coal, but our supplies of them

are very small compared to the amount of coal that we have. lLooking into the
future, we see that 0il left in the ground makes up only asbout 3 ¥ of the total
fuels we have left. Shale oil makes up 7 €. Cas makes up 4 % and uranium also
provides L %. But if we look at how much coal we have in the gound, we see that
it makes up more than 80 ¥ of the fuel we have left in the United States. Ve -
have more than 430 billion toms.of coal in the gound that we can mine-in ways
that are largely used today. That 1s enough coal to last 200-300 years or more.

Using this informatioh, fill in the graphs that follow.
’ 4
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# Complete these graphs bu using information found in the
Give percent and name.-of fuel. . -
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Preceding activity,
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Obje&tive- Students will be able to ansver and discuss questions concerning the
use of coal as & fuel. -, ;

COAL AS A FUEL N

-

Coal 1s a useful fuel because it is abundant and has a relatively high
'heating yalue. But coal has certain impurities thyh limit its usefulhess
as a fuel. Thepe impurities include sulfur and vaffous minerals. As coal
is burned, most of the sulfur combinea with oxygen and .forms a poisonous s
gas called sulfur dioxide’ (S07). Most of the minerals turn into ash. . .
. Low-sulfur coals or doals with a sulfur content (of less than 1 per cent,.
can be burned without adding harmful amounts ol S0, to the air. But medium and
high-sulfur coals (coals with more than 1% sulfur) can .cause serious air
“pollution if they are burned in largs quantities without proper safeguards.
The°h?gh cost ofthese safeguards has greatly restricted ths.use of coal as a
uel,| . ) *
Coal i3 chiefly psed to produce electricity. Electric power plants use .
more than two-thirds of the coal mined in the United States.

! . ’
-1. " What main Mpﬁxfitiea are\found in coai? ) . \
2. ﬁhét"poiaonoua gas ia formed when sulfur combines with oxygen?
3. \Wh;t.typ? of céal can be burned safely without taking éxtra safeguard31'
L. gﬁat is coal chiefly'ﬁaed for? : : .

’ <

g. Wwhat per cent of the coal mined in the U.S. is used to produce electricity?

v



1 HOW-MUCH &=gd /7 | ’
1 METHANE :[20] CAN YOU C .LLECT
* e [QOIN 2 DAYS FROM
'-l f‘o 1/2 CUP OF com.o
' MATERIADS i
| Soft or bituminous-coal ° [ PO
this
. Funnel, guqrt jar, water f.' N
Test tube rubber bond 3 'rsgmmmm;{m‘
l ’{mm‘-mﬂ;uht‘j&ﬁ
§ o mmeener f o mm ¥ g
© Al the Tt Tuba _ ;%ﬁ "
- with walar and . : ,4/’.’
b e = -
. .m,}:%ff . .f;f
l } | ' M:& g\cﬂ S g
l V--—»--—-—--o‘ . '.QFi(l .é:,:&;:‘
M\&:r:mr © china markar.
l “‘t:n‘{g L g Mo.‘ﬂ\am. will
k | R
. |
| L A N
| ’ . - : thas - hould‘TckQ
l 3 ' . 7 ¢ abosl 2-days!
. After the tube seems to be filled, will the coal snll

LRI give off methane gds?:How can you find out?




. OTHER IDEAS TO EXPLQRE -
1 WI|| the methane - .
"' U collected .
burn’? e i |
.\/" ;,..Q'

| <(\’em"o've the test tube and - .
- put your thumb over the.
rop ‘ Lo

o Lught a-match and turn
~ test tubeé upright Let the My
- gas out Whot happens?

. . . .
- .
- .
. ’

v

. /
- - . - ,
. A ) L .
- ™ .

k
R .
Why IS mlnmg
a dangerous o
| occupo'tlon? | ,

. ‘; -
l ‘\k-
) Scinnen Activities in Energy © :
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-ObJoctife- Students yill grcph U;S. coal 6onaumption since 1900,

~

U.S. Dept. Of Energy Data |
Fill.in the graph that follows using tho.fbllowing data.

Year 'ﬁillione of tons uald.(abpro:imate figures)

oo’ aso, T
1920 550 . o
1930 L8 | |
1940 L8s

1950 500 :

1960 hoo y _ - ' \

1970 525 : o,
LI W
1979 . 650 '
. ' . . . A
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Objoctivo- Studonta will grnph t.he parcent df coal use v, total energy
conaunpt.ion in tho U S. uince,wOO. o v
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- account for most of this oujpput.

-

Objective=- Studentas will answer questians on coal uged in the productionior
electricity. :

COAL IN THE PRODUCTION OF KLECTRICITY

1
~

In the U,S., the great majority of eleétric power plants are steam turbines.

-High pressured steam is used to generate electricity. The steam spips the wheels'

of turbines.which drive the generators that produce electricity. About 80% of
the electricity used in the U,S, is produced in thip wqy, and coal burning plants

Bituminous coals have long been the preferred coals for electric power

* produetion., These are the most plentiful coals and have the highest heating value;

But 50% of our nation's bituminous coal has a medium: or high sulfur content. But
nearly all the subbituminour and lignite coals in the U.S. have a sulfur content .
of 1less than 1%," So to meet. federal and state pollution standards metre and more
povwer plants have switched from bitumigous coal to subbituminous or lignite. .

K3 1

1. Why is bitumincus coal no longer the most preferable coal fbr,generétihg

-electric power? - ‘ ,

Iy

T

2. 1In the U.S., most of our electric power plants are S Do

3. Coal is used in these plants to make steam.* How is the steam used to-
produce electricity? - : .

1)
.

In Europe and Asia, cqal is widely used for heating homes and other buildings.
But in the U.S., natural gas and fuel oil have almost entirely replaced coal as
a heating fuel. However since the rising cost of oil and natural gas and other
fuels, some factories and commercial Wuildings have switched back to coal.
Anthracites are the cleanest burning coals, so they are preferred for heating
homes. But since anthracites are the most expenstzg?coals, bituminous coals
are often used. It takes larger quantities of subbituminous and lignite coals
to heat effectively, soc they are seldom used, - ,

1. What has happened to cause induatrieh,to switch back to coalluae?
2. What coal type is preferred for home heating?

3. In the U.S., what other fuels have almost replacea coal as a heating fuel?

-~ - “
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Americe'’s M-«t_y

Burning coal, gas or ou
heats water to steam,
which spins turbine
which turns gancnton
converting heat energy
into electrical energy.

[

sopplies 10.4% of
Mn“b dcctroly

The pressurq of lallmg '
watar (e g., of a major
dam) spins turbiné which
twrns generators -- con-
verting mechanical energy
into electrical energy.

supplies 1L.8% of -
Amo-ct‘s dwh-coty

Producés electncnty m

« much the same way o
a fossil fuel plant except
the furnace is called a, Lt
reactor and the fuel . e
is uranium. R
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. d R more than $7 per million BTUs. "De-
. * CoalCar’ spite the advantages of inexpensive and
The scramble for petroleum has final- plentiful coal,” adds Bell, “companies

ly provided the auto industry with an
incentive to experiment with electric
cars and dicsel engines. In June, Gen-
eral Motors demonstrated another type
of car,.a coal-fired vehicle that the
company’s executives hope may be the
one to free Americans from their heavy
rolianceon oil. ) ‘
The two prototype cars burned coal
that was ground finer than confection-
ers’ sugar. A stream of compressed

r engine, where in the process of burn-

ing it became a gas, compressed enough

~ o todrive the turbine.

- - 0 According to Albert Bell, who is in

- .become feasible only since new pro-
cessing methods have made it possible
to grindicoal to an ultrafine powder

that burns well.
The coal, car’s engine will have to
% . be developed further before the vehi-

. cle can be placed on the market, Bell
adds, and powdered coal Will have to
be made commercially available. When
it is, General Motors estimates, it could
be produced at $4 per million BTUs
(British thermal units), crude oil costs

air carried the coal from a tank to the .

. . \charge of the project, coal cars have

will have to set up commercial plants
that refine the black fuel before ceal
cars become a reality.” - ’
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. Objective= Students will be able to 1ist rew materials made- from coal and

understand their value ifl our modern world. \

COAL AS A RAW MATERIAL s

"Many substahces mada from coaldﬁérve a8, raw mﬁterials in manufacturiang.,

- Coke 13 the most widely used 8f these sunstances. Coke is made by heating

bituminous coal to about 2000% F (1100°C) in an airtight oven. The lack of,
oXygen (05) prevehts the coal from burning. The heat changes some of the
solidy in the coal into gases. ' The remaining solid matter is.cokes Coke is

a hard, foamlike mass of -nearly pure carbon. It, takes about 1% short tons of
bituminous coal to produce 1 short ton of oeke. ' '

About S0% of the coke produced in the Us3. 18 used to make iron and steel.
Most coking plants are parts of a steel mill. The mill burns coke with iron
ore and limestone to change the ore into the pure iron required to make steel.
This coke making process is ¢alled carbonization. Some of the gases produced

.guring carbonization turn into liquid ammonia and oval tar as they cool.® Through.
farther proceéaing,'ﬂbme of thejremaining gases change into light oil. Anmonia,

coal. tar/and light 311 are used to make, such products as drugs, dyes and fertilizers.
Coal tar is- al o, used for fdad,nurfacingaand roofing. Some of the gas produced
during carboni ation-does not become 1liquid. :The coal gas burns like natural

gas, but it has a lower heating valie and gives off large amounts of soot as it
burns. Thus coal gas is uged chiefly at the plants where it is produced. It
provides heat for the coke and ateel~making process.

} .
. - . ‘} e . .
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- ooumxﬁic'r 's*'
In i97h, every person the U, S, used about thirteen pounds of tohl ’

avery day. 3Jut most people hever see any of the coal they used. GCogl
has many uses as can dYe seen from £he 1ist below. :

.

electricity . > . . o *
1ight1ng Yo - :
heating :
steel~ aufoa, trucks, ahipa, rallroad cara, stoves, refrigeratérs, waghing machineg, .
buildings, bioyclob, bridgas o,
' cement , ) - , r
rubber g '

. man-made fibefs such ag nylon .

drugs such as aopirin ) . X
perfumes - : '

food flavorings ) g . @
dyes ' s ' . .
- paint : -\\\<1 .
plastics ‘ . ' N
waterproofing materials ) .

phonograph records :

explosives _ : .
insecticides ) L. : . \
lead pencils : T

benzene - _ . R <\~A .
carbon . ) . ‘ .

coal tar

‘coke

creosote
toluene
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. Objective~ Students will begome aware of coal reaéurch processes and their
projected use in our energy future. ) ) :

I e ) GASIFICATION AND FURTHER RESEARCH

hS

) , . :

* Gas can be produced from coal directly by various methods. : The simplest

gasiflcation method involves burning coal in the presence of fqrced air or
steam. The resulting gas has a low heating value and produces soot. Coal

. can be used to make high energy liquid fuels such as gasoline and fuel oil.

'I The present methods of producing these fuels from coal are costly and complex.
Researchers are working on ways to develop cheaper and simpler methods.
Underground gasification techniques are also being researched. :

Other Yresearch is being>dope in the area of hydrogenation or:liqusfaction.
In a typical method, a mixture pulverized coal and oi]l is treated with
hydrogen gas at high temperatures and under great pressure. The hydrogen
gradually combines with the carbon molecules, forming a liquid- fuel. This

ll » Process can produce such high-energy fuels as gasoline and fuel oil if
sufficient hjdrogen is 'added. Again this method is cestly anjd more research

. .18 needed, but plants have been set up for this process. .

° t

.
7

' 1. Describe a simple gaa{rcation process., .
~ \
.2. Describe a typlcal method of iiqueféétion or hydrogenationj\

e ]
Tyt
% )

3. . Why are these processes not used on a large scale now?

. 112 .
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0bject1ve~ Students uill bocoma acquainted uith the hiatory of ooal uao in
our world. } ©

L Y

V. $

HISTORY OF COAL USE

- A

No one knows when people firat discovered that dbal‘could be burned to
Jrovide heat,. The Chinese worq/}ﬁe first people to develop a ccal industry,
and by A.,D. 300?53, they wdre using coal to heat buildings- and smelt metals.

. It Europe, coal was not widely used until the 1600's when a wood shortage-

developed. England became the teading coal producer by the late 1600's until
the late 1800's. The process of making coke was developed in England by
brewprs. In 1710, coal became the chief fuel for iron making. As the’
industrial -process developad, and espscially with the Industrial Revolution,
cosl became even more important in Rupope and in North America.

North American Indians used coal for baking pottery long before the first
vhite sottlers arrived. 1In the 1800's, coal became importent in mesnufacburing
and in trsnsportation (steam powered engines). By the late 1800's, the U.S.
replaced England as the world's leading codl producer. In thael9%0's, as the
use of petroleum and natural gas lncreased in the U.S., Russia urpaaaod the
U.S. in world coal production. ' .

The grouing scarcity of petroleum and matural gas has led to_a sharp rise
in the demand for coal. According to some JU.S. government statistics and
estimates, the production of coal will double in the U.S. by 1985. The in- .
creased output would be used for electricity production mainly. Coal exports
are aoxpected to incrcase also. The use of coal will depend upon many. factors:

such as conservation, demand for energy and oil and alternstive gas avallability.

-
e
RS
| ’

1. When did coel bccom‘.:mportant as a fuel in the United States? Why?

2. Wiat caused a decrease in coal production in the U.S. in the 1950's?

4

I'd

.

AY

3. ‘Wesently, what has led to an increase in coal production and use in the U.S.?7

s AN

L. Who first industrialized coal use?

5. In the future, coai will be:-primarily used to produce - - . l
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Coal is uaually claaaified bw the amnunt of carbom it oontains.

Liquefaction is a process where coal 1s made into a liquid fuel.

e [
QUIZ~ Uses of Codl

. ' g

¢ 7 /‘ .

I N

e . N
/.

MBO I 'V '_ v '. . L
Coal is a true minoral.

-
v

Lignitoa hava the greatoat holting value of all coal,typea.

. Coal providna about 18% of our energy nqodq in the U.S.. = -

our gﬁvprnminm prodiétbithnt épnl use will ducrease in tﬁo next rive years.

~Roaearch is being dono in using coel tq fuel cars.

'Hydfbgenation is a Process where coal is treatad with hydrogen gas to

fom & liquid fuel.

-

,Coal was, first used. indnatrinlly in England )

Coal gas hap s high heating velue and is pollution free, .

-

s

" In the U.S., there 1§'on9ngh 6031 to last A; 20 years

, . - B) -200-3G0 ‘years
. ) : o ~~ . .C) 1000 years -

The most widely used’coal type is" A) anthracite  B) bituminous C) lignite

A polsox_m\is ga"q that 1s given off u'hen coal _1s‘burn,ed is A) 002 B)HS)2.

\ . C) 302

A Y

" Cosl. that is best for hoating homaa i 4) anthracite C)Bgi%uﬁgﬁoua

The chief use for coal ia-' 4) Taw materiala B) ¢he production of‘electricity
C) .Home heating o . | | : o

T

N -
e

Which is not a riw material or by-product of coal? A) perfume B)coke -

- 0) ammnnia v D)sugar _ ‘
Coke is made in a procegs called . A) earbonization B)-iiduefhction
C) gaaification o n) npturalizotion ' '

-t

In 1950 in the U.S., l) coal use incroased because. #ood was not convenient <

_B) coal use increased because of industrial growth C) coal use decreased ’

" because of tho incroaao 1n use of natural gas and petroléum,

Lignite ‘has A) a high heat value and high sulfur content

B) a low haat vqlue and 1ow aulfur conﬁent C) a high sulfur content and

low heating value

The 2 thinga that determine how coal is uaod are AP chemical content
and moisture conten B) where it is mined and how 1t is transported

c) the enurgy aﬁortago 5nd‘0PEc

,l"“ ; -. ‘ ° N 1 1 5 ‘
oe ‘e ) - .
R ™) ., e - PR, L.
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BEHAVIORAL OBJECTIVES:

(1) The student should be able to write: the chemical formulas

fors sulfur dioxide, carbon monoxide,- carbon dioxide, and
water. ' ’ . R )

‘R Wl ..

(2) The student should bp. able to list 5.major alr pollutants
produced from coal combugtion and list major environmental

. effects of each pollutant.
(3) The student should be able to defline 12 téfms related to -

environmental effects of coal use. e

(4) Phe student should be able to describpj in geggral.’the
- gteps of "strip mining" for coal and the proceSs of re-
clamation of atrip.mined land. '

' ’
. .

v

(5) The student should be able to demonstrate the complexity
s of the issues of enengy use/bnv1ronmental problems. '/,

~

-~
-

*
-~
-~

%t'

x*

.
. -
. . - .
.
A .
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1.
2.

.5‘

6.
7 ;
8.

9.

10.

11l.

12.
13.

14,
15,

VOCABULARY LIST

aquatio~—refers to water - <

chlorophyll~-green pigment in plants necessary to enable
plae%s to produce oxygan. and sugar from sunlight, watqr,
and carbon dioxide.

combustion--burning o ) J : ~
corrosion--wearing away of solids. esp901ally by chemical
action ‘ ' .
emit--give off, produce, send forth, release-. 4

fly ash--solid particles produced by burning of a substance
.ppm= parts per million ' - .
reclamation--restoring 'strip mined lands to a "usuable”
condition . B .
sedimentation~-solid particles (usually soil) that settle
into water (streams, ponds, etc) |
siltation--(see sediméﬁtatlon) '

thermal pollution--addition of heat to the environment,
usually to a body of  water

C0~—chemlcal formula for carbon monoxide g

coz-~_ " " " " dioxide
H,0-- " " " water
soz-; o " " sulfu; dioxide -
N
4,
“ ‘

PR o . S o
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“The U.S. hos vast reservas--enough

1o last 500 yedrs or longer ot prasent

. vsege rates. Only sbout 19% of our

energy i row supplied by coal.

The gevernment wants o devble +his
by svbstituting more codl for oil 3nd
natural gas 4o generate electvieity. .

However, it won't b&lmy,
because 5 --

EAPENSIVE TECHNIQUES

To meet clean air regulations, poliutants

in coal must be removed with costly
devices called “stack gas scrubbers,"
or by using expensive new gasification,
liquefaction, or other techniques.

PoSsSIBLE ~ ﬁ .

CLIMATE CHANGES

There are aiso fears
that if too much coal
is burned our climate
might be affected.

. R 13 O A7

seusb. h s of.

r

0o (S TEIOTER
1

5

poLLUMON PROBLEMS

Burning much greater amounts of coal )
would worsen the ““‘acid rain"” problem.
The hot fumes from smokestacks react

with moisture in the atmosp

) to formd

sulfuric acid, which returmns to earth as
-acid rain -- with devastating effects on

plant and amme‘l iite.

TRANSPORTATION RROBLEMS

There I8 also the guestion of whether our

rundown raliroads can haul enough coal

to meet our needs.

0

2y




- FACT. SHEET: WATER POLLUTLON
"Thermal Pollution®

-~

Thermal pollution is _the additigh of heated water into

‘rivero and othel bodies of water. The burning of"ooa}'
,releases immense amounts of heat, puén of which 1s released
" into some body of water. Egpecially at fault are steam

generating plants, that produde electricity.

-

PROBLEMS s i y ,
(1) Warm water holds less okygen.thqn cool water.
Aquatic life is affected. '
(2) Most chemical reactions take place faster in warm

water.

{
3 #
SOLUTIQNS: : ..
(1) Heat may be dissipated by-cdbling towers or ponds.
(2) Sometimes the same water is used over and over for
cooling (ex: Gallatin Steam R}ant) |
(3) Experiments are*ﬁ%fhg carrled out with catfish grown:

in the. wa;mer discharge water. Good results have been

obtained so far.
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FACT SHEET: WATER POLLUTION

N

fSedimentation” \

»

Sedimentation often refers to soil particles that become .
suspended Ln! or fall to the bottom of, streams and ponds.
Sédimantat}on is often the result of strip mining of’coal.‘ »

- PROBLEMS s -
Siltation cuts down on the:amount.inlight‘enyeﬁing

(1)

5
- . %
N O

rd

the water--plants thus grow poorly. .

Suspended s8ilt in water
with significant amoun
than normal.

(2)

(3)

sorbs.héqt. Thus water
silt then to be warmer ot

The eggs and larvae of some animals (especially shell- "

fish) are very sensitive to silt.

()
(5)

Silt causes

SOLUTIONS:

Silt makes Wﬂ;er unsuitable for*drinking’by humans. . -
abrasion to organs of water animals.

Y

.
» .

. ' X

. . . !

-

(1) Careful management of strip mined land.

(2) Sedimentation poools

. enters streams.

122 : .'.)
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. FACT SHEET: WATER POLLUTION _
i "Acidity" : ; ,
Acidity is the lowering of the ph concentration - in watérs.
- Acid waters often are formed from coal n_linﬁ}s (mainly deep
or shaft mipes). The sulfur in the coal forms sulfuric
acid in water. - | '

-

PROBLEMS s : “ -
(1) Many aquatic organisms are very specific as to the
ph of the environment in which they can exist.,

' (2) Acid water adds to the acidity of local water supplies.

»

i
i
|
|
i
|
I
] .
 SOLUTIONSs . : | .
l . \ ] (1) *Mine acid can be nmutralized by using a base such as
s ¥ limestone. (This is very expensive and also adds
' "hardness" to the water.) o
’ (2) Prevention of the entry of the acid water into the
l local wakr supply can be accomplished by dams on
_strip mined land- or the early establishment of ground
. cover such as grass or trees on reclaimed stripped
i
I
i
I
|
|

2‘ land. ' ) LS . )

o L 4
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. ‘W

B | WATER POLLUTION 9
Directions: Words and terms relating to water pollution are given
‘with the letters scrambled. Read the definition for eact. and un-

scramble the letters. 1y s

s
'

l 1. DTPSEEISIC — Poisonous chemicals often eventually de-
n , posited in our waters and used initially for .
| . destroying insect pests
2. RLONCHEI — A chemical used to purify water and’ de-
. stroy germs o
3. ARW WESGAE — Untreated wastes from sanitary sewers

»

Sa

4. LATUPOTLN — Any substance that pollutes the water or
other substances ~ ~

5. TRAMNETET ALPTN — A place where raw sewage is treated.be-

\ fore disposal -
6. LEWFILID 4 Organisms other than human life which
. “suffer.from water pollution
| 7. COLXITOOGY - The science.dealing with the detection,
\ effects, and antidotes for poisons “
8. LASOPSID - .~ —The act of eliminating unwanted waste
9. TIONFURPICIA — The act of. making a substance free of con- |
: - tamination . .
10. ;ATHE .~ Discharged by power plants in the cooling
C— "+ process and thereby upsetting the water
e ‘ecology - o
. 11. MESDITEN —~ Fine particles of matter which settle tc the
-~ . bottom of water or other liquids
12, ALAEG - —Water plant life which in normal.amounts

" help to maintain the oxygen balance’in
| . ) lakes and streams | | -
13. RLFEISREZTI - — Usually a combination of phosphates, ni-
| S ' " trogen, and other plant nutrients used to.
~ promote plant growth; often-washed into
. - ¥ our waters and causing a spurt in algae
. growth with dire consequences :

ERIC . . 14




pd

POLLUTION OF OUR WATER

36

i . :
5 | J )
1 ; ‘
1 L °
l s 1 n
l 12
(o T :
l . 1
. . - ‘ h
Lol ACROSS * - | DOWN |
D B . may get sick ordie -+ 2. "The act of qetfmq Fics of some-
by drmkmg water from pol~ - thing ' '
luted streams. ' 3..Clean i lakes or
, where 9°°d5 are streams is becoming hard to
made, often pollute strgams. . find. :
. ‘water is safe to drink. 4. Acleaning; sroduct that often
7. carry Yain - ° spljutes our water

10. A

H

" water from towns and cities 8
to streams. (2 words)

place where sewage is

~ tréated (2 words)

12. Wcater runmng over .
n G shream is not ulway s safe

i d.zm :

13, N

NS

-t

. 125

. The large-body of salt water,
called an

has pollution.

A ship used for carryicg oil

ANy i e .. @ Chomita

dangerous to man, mov 9.

l:ite our streamis,

., also

.

'
*
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PACT SHEET: AIR POLLUTION
"Sulfur Dioxide" (soz)

. Sulfur diloxide is a gas produced primarily by coal combustion
(approximately 87% of all sufur dioxide in the U.S. comes
from coal combustion--Ohio is thought to be the state with

® the heaviest SO emission) : & ¢

PROBLEMS: - Lk
(1) "acid rain" is produced™by the combination of S0,
and water. Sulfur dioxide may be tran3ported hundredsd
of miles in the alr before it ¥alls out“ as acid
- ' rain. _ . 2 )
(a) acid rain corrodes marble) limestone, mortar.
gtael iron and zino. (The Taj Mahal and
Parthenon show evidence of this)
(b) Although .experts disagree, -there is some evidence
that acid rain "spots" plant leaves and leaches
nutrients from them. | o
(¢) highly acid watgré affect the development of °
fish eggs ) o '
'(2)_302 in the .atmosphere s - .
' -.(a) increases the drying time of some paints
(b) high atmospheric concentrations Qf SO2 fbp
short times'causes dead areas on plant leaves;
' lowér atmospheric concentrations over a longer-
' ' 'pefibd of time causes yellowing of leaves and
. lowers the amount of chlorophyll in a plant.,
(c) SO is absorbed by leather and consequently

L4

' weakeng it
' (d) Paper absorbs 502 and becomes diecolored and
) brittl.o .\ , : . _ .
Ty & NN o . ‘\,v ' .’/
." UTION (?) E h‘“ . .., " . * . T . . -- . . L. ;' R .;; . .‘.:

(1) Burn;ng ldwggulfur-content coal. . Y ‘

: -~ * N S ~
.t - . ' )
X T . . -
P . ~‘ . .
o

. ) P

. . .

- ~ . - . *

. ' .
. . R N ‘ N . e
: AT ‘.. 6- . LS IS W - . ~
0 - . . . .
> o ] & L .
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. e, " . R : . o .
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(2) Cleaning coal before burning it

© (3) Fluidized bed combustkpnw-orushed coal is burned
in a bed of limestonewhich captures the sulfur
chemically. Then the waste product is discarded
(another prodblem). ' . '

(4) The 1977 Amendmentsto the Clean Alr Act of 1970
requires all new cod&l burning industries to use
smokegtack scrubbers to remove sulfur, and most
existing facllities to retro-fit scrubbers when
feasible. (Most industries .consider. sorubbers un-
economical as they are e§penaive md tend to
‘break down often.)

o

This is. the east side Thié is the west

leopatra'’s needle” ‘0of the monument. The ) side of the monument. -
NYC is an example inscription is clear -~ The chemicals in Ny's.
of air poJ.lu}t;ior-tl;r.l _and legible.. N air, carried by the:
was sent to e : ) o, 113
; E prevailing westerl
S. in 1880's. : . . , winds , have -dest¥0y~
- , | ed the hieroglyphics
l . ' o ' . in 90 years! -

127
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This plcture shows on the left a healthy birch leaf. \
On the right is the same leaf after 2 hours of exposure p
to alr containing two parts per million of sulfur dl—
oxide. . : .
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[~ FACT SHEET: AIR POLLUTION
"Carbon Monoxide"

PR
. *{

Carbon mbnoxide’(CO) is a gas produced by ceal combustion
(in the U. Se, automobi;és produce momwe than 180 times the - .

_carbon. monoxige thax coal combustion produces). \

. \ |
PROBLEMS: Cen .

-
N
\ ~ -
‘. - Y )

(1) high 1evels cauée suffonation of humans and anlmals T f,r
(2) very high levels méy inhibit bacterial-nitrogen- | -
fixation of legume plants = \

'~

. SOLUTIONS: ) " o

experts seem to agree that no significant impact on. - | N
vegetation and animal life is likely . : . .

®

< \faff
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“FACT SHEET: AIR POLLUTION  °
- "Nitrous Oxides™ - =~ - -

*

/

.7 N

Nitrous oxide is a gas produced by o@al combustion (however, ' g
coal combustion acoountgnfor only 1/3 as much nitrous oxide '
as do automobiles) : ’

 PROBLEMS | . |
(1) nitrous oxide affects people and animals' respiration .

(100 ppm is lethal ta most animals).
(2) causes damage ‘to plants exposed to it-—spotting. even
rotting (10 ppm= a 60-70% deorease in the rate of o .

photosynthésis) . ’ | |
+(3) can form "acid rain® when NO2 (nitrous diox?de)'oomﬁinea
with water (H,0)-. ... ~ , L T e

(4) NO2 and NO (nitrous oxide) are main lngredients of
photochemical smog (NO, and NO react with sunlight 1 e

to produce qzone--o )--photochemical smog damages',

-

-
*

l . food crops R '
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FACT SHEET: AIR POLLUTION
“Carbon Dioxide.

Carbon dioxide is a gas produoed naturally by pl&nta and
by the combustion of coal.”

PROBLEMS : . o
(1) cCarbon dioxide (COZ) in the atmosphere causes the
atmosphere to retain more of the sun‘'s energy than
it now does. This could raise the average temper-
ature of the earth which could: .

(A) Melt polkar ice caps if the earth's temperature
increases 7-12 degrees--this could flood coastal
areas as sas rose., This warming of. the earth
is often called the fgreenhouée effect"”. \ 5

SOLUTIONS (?) ,

At the present the federal government has declared no
acceptable or offidal piicy on CO, emissions.

S5

-

* Since 1850 the amount of CO2 in the atmosphere has 1ncreased .
by 10 %4. % of that increase has occured in.the-last 10
years. Predictions are that in 1990 theC0, level will
be double what it was in-the mid '70's. The National Energy'
Plan-I (1977) encouraged large users of oil and natural gas
to switch to coal when possible. Therefore levels of COy .

LS

from coal combustion will'continﬁe to rise.
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C FACT SHEET: AIR POLLWIDN
"Particles”

o~

Particles (often called fly ash) are released into the air
by the combustion of coal.

-

PROBLEMS s

(1) Particles MAY interfere with photosyntheds in green
plants. R ' -

'(2) Particles reduce visibility by scattering light.

Y (3) Particles speed up corrosinn of materials by serving

‘as nuclel to which moisture may adhere.

(4) Particles may damage paint especially on cars.

(5) Particles ma& be decreasiig the amount of the sun's

| radiation reaching the earth.h

(6) Particles cause wear on substances by causing more
frequent cleaning of surfaces.

SOLUTIONS s
" (1) Settling chambers may be used.
(2) Wet scrubbers may be used. ‘
(3) Electrostatic precipitators may be used (the&e remove

99+% of fly ash.

132



!
) FACT SHEET:
“ENVIRONMENTAL IMPACT OF STRIP-MINING
(SURFACE MINING) OF COAL"

WHAT IS SURFACE MINING?
Some coal seams are near enough the earth's surface that
it is economically feasible and technqlogically poss;ble
to. "strip" off the covering earth to reach' the coal. '
Enormous machines ("Big Musklie"-~the wbrld's largest

th mover can scoop 325 TONS of earth in one blte)

scoop off the earth and dig out the coal. Untll very

N f/'recent times, much of this damaged ("raped") land was

left useless and unprotected.

WHAT ENVIRONMENTAL PROBLEMS ARE CAUSED BY STRIP MINING?
wildlife habitats are destroyed by the changes in land.
‘Soil erodes and‘is often deposited into local atreams.
Sulfuric acid is formed from water running over exposed

Land and prOperty values near strip mlnxg sites often
decline in value.

Un-reclained land is an eye-sorg (visual pollution).
Flooding often eccurs due to lack of cover crops (grasses, -

. trees) on gripped hills.
WHAT SOLUTIONS ARE THERE°
In 1977 the Surface Mining Control and Reclamatlon
Act (SMCRA) was passed by the federal. government.
This ,law requires mine operators 1o plan reclamation
" {to ecological vitality) of land before they are issued
a permit to mine; to provide for inspections and
, penalities. for violations of strip mining operatlons._

The power of enforging this law lies mainly with the «
fifty states. ' L
Reclamatinn involvea goll studes. and wildlife studes

\1 . -
J .

:\ l - OOalo -

N~ 133
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before mining begihs. It also requires that watev
qua&ity tests be carried out during the mining operation.
Many-amall mining companies cannot afford the cost of *
these procedures. The mining compag& is to reclaim the.
iand; nbt.necesearily~to its original state dut "to

‘avoid or correct damagé ta land and waters of the vi-

cinity, and leave the area in a usable condition”.
Grading of land and planting of some cover (grass, shrubs, .
etc.) is done to prevent soll erqg}on and begin re-vegeta-

"tion. Sometimes reclamation takes place as the mining

proceeds. . .

134 .
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AIR POLLUTION g

11 - ;‘ * T

| -~

. . . . . -
. . : .
. .
o, . N . . . ..
.
Fa

] L
ACROSS N |
4. Any substance that pollutes other substances or materials
6. The escape of gases into the air from an enginet
7. The motion or process of burning
9. The. often carries air pollution to other areas.
10. A manufacturing plant that often pollutes the air
11. Air pollution may cause dlsreoses
" 12. A mixture of smoke ‘and fog found in many large cities

13. A chimney or pipe that discharges smoke inta the air

DOWN - -
1. The result of being made impure by mixture or contact

2. A transportation vehicle usually guilty of polluting the air
3. The quality or state displaying a lack of purity .
5. Being capable of emitting particles of radiation

8. The part of the l:vmg body first affected by air oolluhon

137 - o .~
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CACTIVITY: 2 .
-t . "What does it mean"”

Instructiongs

«
[

(1) choose one of the followihg cartoons.
on paper what you think it means.

-,
+

v

<
Discuss

A
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FACT SHEETs COAL MINE SAFETY L S

Most mine accidents occur in underground mines rather than - -‘ .
_ surface mines. Since 1900, more than'100, 000 miners have o I
[ been killed in U.S. coal mines. Co

Mine accidents fall into 4 basic categories.. -
(1) accldents involving machinery (the majority of BT "
strip mining accidents are of this type). _— : ‘
(2) accldents involving roof and wall fallures of
- mines. " - '
(3) Acoumulations of gasses in mines.’ .
(W) concentmtions of coal dust.
SOLUTIONS S e T s

Ir* (1), To help prevent aocidents involvig maohlnery (and
LS

all other acoxdents) all new miners are given a
course in mine safety. .
(2) Mining engineering helps. prevent roof: and wall )
‘failures. As coal is dug out, pillars of coal are o
. left to help support the “roof" of. the mine. 'Bglﬁs
! " ard also-used in the roof structure. e T
e (3) Methare occurs naturally in coal seams. ﬁMetﬁQne of
§-15% in alr can cause a violent explosion. Carbon
» ’ dioxlide (CO) is a poisonoys gas that causes suffora~-
tion. Blasting in an underground mine may produce
dangerous levels of CO. A powerful fan at the '
surface of the mine forces fresh alr in and plluted
e " air out. All underground mines have an. automatic
, methane detector that shuts the mine down if me thane’
. levels reach 2% or more. ' | ‘
(&) Coal dust, mixed with methanaia explosive. Coal .
"dust’ particles are also reaponsible for the res- -
piratory disease "black lung®. Coal dust is con- -
trolled by straying the mine surfaces with water and "
powdered limeatone which dilubes the coal dust.

) L 1J41




' EVALUATION ~ENVIRONMENTAL PROBLEMS IN USING COAL AND MINE SAFETY

N E ~ ..
. . 4° . '
- bl 5 ‘v . ¥ \

| mﬂﬁgﬂ Pyt thd.leyter;of +ha answer. "Some answers will be
,‘used, MORE than ONE TIME!{!!1}

L. o
l.. Main OQmponentwa photochemical smog
2. It ‘levels get hlgh enough, may raise

K

P earth 8. atmoapheré
: 13.' partielag formed from burning

-

.

— N.} electrostatic preoipltatora are .

. ueed to ramove th;a pollutant * - B. sulfur dioxide

- 5:; a gas capabla of sufiocating . C. carbon dioxide
) jéQ; an. air pollutamt that is produce Mainly

. by coal dombustion’
7; a-gas that might be eliminated

78, cuts down on the amount of light
. entering a stream when it is

, present in the stiream : ' E. fly ash
9. a . "Major" problem N o ‘ T
resplting from strip T _ - . :
miing o FP. sedimentation

H .
10. haavy concentrations may reduce

' visibilif& by scattering sunlight ° ' ,

(also damages paint--especially on
automobiles)

142
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the average temperature of the - A. ocarbon monokide

. by ‘burning low: sulfur coal .. Do nitrous oxides
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11: List one effect.of "acid rain”.

12. Explain how coal combuation can cause acld rain.

13, What 1s meant by the "greehouse effect"?

A |

14. wWhat are the purposss of strip mine raclamation?

match put letter of correct answer {n blank

" a. green igment used by.plants

15, thermal pollution
' ‘ n making food

——————

e

16. photoeyﬁthesis b. refers to water
~' hd
17.- combustion Co refers to burning
18, reclamation o d. process by which green
: . plants produce sugar
and oxygen

19, ochlorophyll '

20. aquatic : e. refers to adding heat to
S *  the environment,. (usually

adding hot water to cooler
wgter) o

S f. process of making strip
' | ‘mined, land "usuable”

. >
.
14‘ . ‘
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‘ . . .
21, What is the major way that dangerous gases are'ﬂhnagéd
in underground mines? ’

-

22. SO2 is the chemical formula for 3 | .

23. CO is the chemical formula for
24, H20 is the chemical formula for
25. C0, is the chemical formula for M

. = - T
. v . .
3 - - - - - - - * ) - -
- . .
. ) :
- - .
. . B : 5
~
-

144




BIBLIOGRAPHY

A New Start--the National Fnergy Act. United States De-
partment of Energy, 1978. ‘ |

Citigens Workshops on Ener and the Environment. United
States Depariment of %%ergy (no date)

Coal and Environm ent. Washington, D. C.s National Coal Assoc-

i

i

i

1

1 Bh
]

i

]

!

Comparing Ener 7Q§E§%lﬁﬂi Alternatives fromaix Environmental -
gerab§ g;ﬁé tates Depar%ment of Bnergy, Feb.,
Energy. wnehington D. Cs National Wildlife Federation. 1978,

.Healy._Timothy J. Inergy and Soclety. San Franscisco:
‘Boyd and Fraeer‘Pu 1§EIhg'Eblixi976. |

Keisler, Clyde A:y D, “Implementing the Surface Mining
Redlghation -Act of 19771 Some Issues and
Administrative Strategles within ‘the Heart of Dixie®

. Paper. . The Uhiversity of Alabama, April, 1981.

Control and -

LanQ;ReolamatLIg. South Deerfield, Maine: Channing L. Bete
Company. ., 1980. - -

Leonard, Joseph w. “Coal." World Book_Ehgyclopedia, 1979,
. III 566-582. '

National Ener g II. United States Department of Energy,

purdy, Walter L. “Acid Rain.t The Energist, II, (Winter, /
1980-81), 11, 14-15. y | |

Rosenbaum, Walter A. Coal and Crisis. New York: Prager : ‘/
Publishers, 1978. . - . K

. _ Rosenbaum, Walter A. PEnergy, Politics, and Public Policy.

washington, D. C.1 Congre ssional Quarterly Press, 198l.

‘Stoker, Howard 'S,, and Stephen L. Seager. Environmental
Chemistry: Air and Water Pollution. Tallas: Scotr,

Foresman, and Company. y, 1976,

‘Wilber, Charles G. Thé Bilological Agpects of Water Polluti_no
Springfield: CE les C. Thomas. 59, .

145

O . - Nep e e .
. . P s e - U TP AR UL S S URDY SY S SN EP 1)



Health Problems Auaoéiatod with Coal

I Reapiratory~8tru¢turon - , .
II. .Health ﬁino}dera Rallied'to Coal Hinirg o

A. Pneumoconiosis ‘ o
B. Silico.iia'\ . ' o
C. Anthracosilicosis ~ Coal WOrkef'a Pneﬁmoconiosi@
IIXI. The Bffectn of ﬁho Combustion of Coal on quihsf

A. Particulates | -
B. Carbon Monoxide
C. Sulfur Oxides
D. Nitrogen Oxiéea

Hydrocarbona

&

&
-
L]
. - . .
L]
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.S.

6.
.7.

8.

10.

11.
12.

14.
15.
'160

17.

]8;..

'19,} B
.é.\nitrogen «dioxide, carboml-onoxido, carbon dioxide, carboiyhadq”{ )

" describe how sulfur oxides affect the body.

'l 13.

Behavioral Objectivgs
. 3 ‘
At the end of this unit, the student will be able to:

deacribo the differences between internal ro.piration and external
rocpiration.

?

label a diagram of the reapiratory structures.
match a deacription with the correct reapiratory structure.

trace the path of a molecule of oxygen from the time it enters the

respiratory system until it is absorbed by the blood. Liating over
what structures it pa.ae-, lnd doacribing the effocta each haa on

"the- oxygen molecule.

list six flctora which ~appear to be aasociated with the develdpmont
of silicoais. -

describe -how particle aize affects the contraction of oilicosia.
- .

define - .ilicoaia, pneumoconiosis, anthracosilicoaia, and ant,

degcribe how the Federal Coal Mine Health and Safety Act of 1 69 haa

improved the working conditions of miners.
T W
describe some physical asymptoms associated with ailicoaia.

describe how the upper rc-piratory ayaten providés a protective
mechanism for the body.

liast five occupation.'conndnly aasociaﬁeﬂ with silicosis.
list five primary pollutants found in the atnosphere;
dofing.pqrticnlhtp and pulmonary edema. | ‘
describe how carbon uonoxide'poaea a threat to the health of humans.
deacribe how nitrogen oxides affect the body.
describe how hydrocurbona affect the body.

o
e

doacribo how particulatos affect the pody. o ;-

write tho chonical formulas for - sulfur dioxide, nitric oxide

and oxyhanoclohin. .

s -'._.t,;t!.l-':{‘:-__;_. . \_;.. - "15 L . - - - 1 4 7 - x:.f,‘ .
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' Health Problems Associated with Coal .
Since coal dust and the gases aaaociated with the combustion of coal

' have their greatest effect on the respiratory syastem, a review of tho

' human reopir;tory atructures may be presented in conjunction with thia

section of the unit. .

'.mmngx_mw y
| Reapiration is alco-binatioq of two distingt procesases, one mechaniéai,

the other chonjoal. External roipiration is a mechanical préceaa controlled'

by the pressure of the- atmosphere and the action of certain. body- -uuclos.'
- It functions to bring air into the lunga where oxygen ias absorbed by the
blood, and to remove gaseou- wastes bronght from the body to the blood.

}

Internal respiration is the exchange of oxygen and. carbon dioxide between

;he,body'a cells and the fluids which circulate around them. Thia is a
chemical process. |
The first part of the human respiratory systom with'whfch air normally .-

. . .

comes in contact is the naaal_cavity. The nasal cavity is divided -
p'rﬁdntornaily into two smaller cavities by a wall, éalled the septum. .
From the nasal cavity, the air enters the pharynx. . This is the rogion.
' rin the back of the mouth which servea as a passageway for both air and |
food. The lower end of the pharynx endas at the glottis., This is the
' ‘opening into the larynx, or voice box. The glottis is a narrow nlit,

around the rim of which are the vocal cords, whose vibrations produce

sound. The epiglottia acts as a trqv door to cloae the glottis during

' swallowing.
. The glottia opena into a roughly triangular chamber, the larynx, or -

.

&
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voice box. _The laryﬁx may be quite conaﬁicuoﬁa in séue men and it is
co-oﬁly:c;lled.tﬁg Adau'a“hpple.' . |

‘ Below the larynx is the trachea or windpipe. The trachea is not a
perfectly round tube, being slightly flattened diong the rear sqrfa;e.

Its walls are composed of -alternate bands of membrane and cartilage..
This cartilage is quiienfirn but is also aonewé;z elastic. Thus the

partial rings of the trachea maintain an open passage for the air at’

-

all times. The lining of the trachea is composed of ciliated cells that
secrete mucus. The function of the cilia is to carry small particles

of debris from the lungs upward to the mouth or nasal cavity so that

3

they can be eli-inated.
The lower part of the trachea divides into two pérts, the bronchi.

Each bronchus then divides many times, each diviaion having a Y-shaped

) 5 '
for-, These asmall branches the bronchioles, evepgua%ly form a very

¥

1drge number of minute terningl Lranchea which end in air sacs. ‘Th§a

~

huge number of sgalleat ain passages Aﬁfords an,ﬁd?quhto pathway for. the
p;aaage of air-int6 the lungs and the exit of gases from it, :,
The walls of théjaif ﬁaca have protruding pouches called alveoli.
It is through the walls of the 91vooli that the actual exchange,of gases
takes place. Through the thin walls.of the alveoli andic&pillar%es the

+

blood is able to obtain oxygen from thé air, and gi’e'up waste gases to

v . »
’ ) ]

the spaces. .
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K RESPIRATORY SYSTEM

Place the following labels on ‘the diagrams

heart " trachea
bronchiole loft lung . '
oral cavity . right- lung
nagopharynx bronchus -

" laryngeal pharynx epiglottis
esophagus > lagynx )

<

\J

rd

nasal cavity
parietal pleura
pleursd cawfity
pulmonary pleura
oral pharynx
nasal conchae

-

’
*

entire 6.
atructure
outer areajy,

+

middle area

X [
inner area'yafr_
. g




TRACHEA, BRONCHI, RESPIRATORY SYSTEM
AND BRONCHIQLES - !

Place-the following labels on thae, diagram: ‘bronchioles, esophagus, trachea
. glottis, epiglottis, and larynx

Y
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brpnchiolo, pulmonary arteriole,
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Matching - Match the description on the right with the correct toerm on the
Use letter answers. ITwo answers are used twice.

left.

Shprt Anawar

[ o)
.

-
R s

1.
2.
3.
4.
5.

6.

divides the nasal cavity into two halves - A. alveoli
a thin-walled atructure through the walls 2' 2r:n§2::i
of which the blood absorba oxygen i D. eit:rnal 8
somotimes called the Adam's apple . .. " respiratien’
E. larynx

windpipe . - -

pip ) g.' phl:yﬂg )
the region in the back of the mouth cavity "' ::ﬁc::a
which ia a pasaageway for both food and ) _
water _ ' ,
the trachea divides into a left and right
of thia : .

the voice box

passes downward from the pharynx anterior
to the esophagus

- is used to cjose the glottis during swallowing

» L}

a mechanical process of getting air in and

out of the body .

»

-

1. Trace the path taken by a molecule of oxygen from the time it enters

the respiratory system until it is absorbed by the blood. Tell over
what structurea it passes, and the offects each has on it. '

-

L4

Distinguish between membera of the following pairs of terms: - .

A.

B.

C.

D.

)C!\

air sac - alveolus
bronchus - bronchiole
glottis ~ epiglottis

pharynx - larynx’

‘<.

Describe the differences between internal respiration and extqrﬁél
respiration,

AR -, 153
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Health Disorders Related to Coal Mining

PFnoumeconiopis

Pnodnocqnio.iq is a~¢enoral toerm which-rofera to duit retained in
the lungs. It is evident that everyone acquires aon& pneuuoconioaia becauase
varying amounts of particulate matter ;ro retained in.evoryone's lung-.‘
The coal amoke or soot pigmentation of the lungs of industrial city
dwellers ia a type ofnpnou-oconionia known as anthracosias. xutopoieu
have shown thpt the luﬁg- of London dﬁellor- have been black as a result
of coal soot since the reign of the first Elizabeth, when England began
to use coal in quantity. \
Siliceals

- Ig'is necessary to use apecific tdrudnology when speaking of various

pneumoconioses due to_occupationnl dust, exposures. The occupational .
inhalat?an of dust cqntaining crystalline free silica (Si03) is asilicoais.
It foaulta in fibrous n;duloa uniformly acattered in both lungs or the
formation of ascar tiassue (fib;osia) which may be pro;resaive with
increasing impairment of lung function.

Silicosis will occur iﬁ an industry in which workers are exposed to
sufficient concentrations of dua£ containing free silica in éryatalline
form in particle sizes below five microns over a long enough period of

time. All typea §f nfning in which the ore is found‘in quartz rock have

" produced silicosia.

o Silicosis appears to develop as é result of certain factors, which are:
1. the percentage of free silica (Si0,) in the duat inhaled; 2. the

concentration of dust at the breathing level on the job; 3. ‘the size of
N . _

the dust particlés; 4. the u§xturp~of other dusts; §5. the time apent

“a
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in this atmosphere; and, 6. individual differencos in susceptibility.

Usually it takes at loast five &oarn of expoaure to con.™trations
of more than five million particles per cubic foot of du-t_yith at least
fifty per cent silica content to produce clinical silicosis. But, thia
does vary with individual differences in susceptibility.

All particlea that are larger than ten sicrons in size are filterbdd

Dust particles less than five microns in size are carried by inhaled air to

the alveolar ductas. These particles are éngulfed by phagocytes and

carried to the lymphatic atream and the pulmonary lymph ‘nodes. Silica

acar tiasue cells which rﬂsplts in

l out by the protective mechaniam of the upper respiratory tract and bronchi.
' cauges an excessive build up of

+ ailicotic nodules. When silica dust is exceasive, individual mnodules may

become large and numerous, and this may cause overdiatension of the lungs.

The onset of silicosis is gradual and not rocognizcd. Often it is

years before a diagnosia can be made. Then ahortness of breath on

‘exertion may precede other ‘aymptoma. Cough and wheezing appear next.

~Expei:t‘oration of dark'“;ey or black spectum occurs with rospirhtory
: 4 .

infections. When the third st age heveIOps, there may be cheat pains.

»

Blood apitting usually ubana a complicating tuberculosis.

Pulmonary tubereulo.is is the chief complication of silicosis.

..
...,

The cellular, toxicity of silica tends | to stimulate multiplication of

\

fwtal. According to a study conducted-by L. U. Gardner in 19¢7, coexiatent

lmonary tubersuloais was found in 75 per cent of fatal cases of silicosis

N - .

pu
in South African gold miners and in 65 per cent of a large group of
‘silicotic lungs drawn froa a wide~vnriety of industries. ‘Chronic
bronchitis also occurs in a high portion of advanced ailicotica.

end atage of those with advancad ailicosia.

' tubercle bacilli. Silicotubarculoais ofton ia brogreaﬂv&wmd—u_mually
. Emphysema is a fairly frequent
-~

l -".. N -
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The chest X-ray affords the basis for diagnoais. Thé sodules of

' simple silicoasis are revealed on the X-ray film when thqy are about
'ltwo millimetera in diameter. The degree of dishbilfty can be determined

by testing the maximum breathing capacity or the maximal expiratory flow

’ ' rate of -the patient. X

-~

Silicosis is a permanent condition, irreversible.by any treatment.

' With aimple nodular silicosis the prognoais is good, provided that

~

. further silica dust exposure is reduced to a safe level or ias stopped

altogether and also provided that tuberculogis is prevented.

,
.
-t

A , -
. Coal. dust inhaled in heavy concentrations over many years rosults

in simple dust accumulation and the formation of scar tissue which

-

causes impairment of the lungs. Coal dust without any associated silica

can cause damage to lungs because of bronchial irritation and - )

emphysema. The results being the development of breathlessness and

' impaired ventilatory functions. | .

The effects of coal dust on the lungs has been studied in the .

*

. anthracilte mines of eaatern Pennsylvania. Most diseds'e occurring in o

anthracjite miners either in anthracosilicosis (coal dust pjus siiliccl)sisﬁ)."
: Wi e e SRR ‘ ’ - : '

or mthracoailicotuberéuldu_ia‘l.b_gg:,ause hix:d’coal mines. entail muc&lz' rock

AR

,_..__d.u,t-..gxp(mﬁ'i"é'"E'i"gii in ailica content. Active tuberculosis has been quite_; '
prevalent in the Ysilicotic hard coal miners. . .'

. In hitu-i?oua or soft coal, the silica dust expéaure is decreased,

af;ﬂ’it.\l!:ereﬁpre, the incidence of acéi\'m t.tﬁ)erculogia has been conaidm-.np'liy~ a
lesas thﬁn i~n anthracite miners. . \ o L

. The incidence of coal worker's pnéumoconiqaia var-i.ea' in.di.ffer:ent
coalfields and even between different mines in the same coalfield. ’ig-igi
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mMOTre common Aamong -,1nor_-'work1'ng in pita with amall, .deeply -it,u'at,od
coal seams, and the -incidence also rises 'wi‘tl’\ increasing mechan.zation.

Miners onployod as hard hoadorl and rockworkors in the conanruction '

of comunicat.ing ahaft.. botwoon adjacont aqno ar bridging goological

' fault, work almoat ent.irely in hard ailicooua rocks and are conaoquently

. Coal mine .dust. when inhalcd is fairly ovonly'distributed throughout. thc

exposed to a higho{_r conc\‘mtrapion of _nilica dust phqn those at the coal:

¢

face.

lungs, but ‘the n&ximal chanaem occur. dn the uppar two-thirda %f both lungas,

N

l The qujority of the parﬁicloa are ingeatod by mncrophagoo and are removed

N

' by ciliary act,.ion which moves t.he bn'onchial umcua and trapped duat .
upwards to tho trachoa where 1t ia eithor oxpoctorated or awallowed.
. Since 1969, the Fedoral Coal J‘(ino Hoalt.h and Safet.y Act. hag establishe’d

_ uniform atandards for coal dpot concent.rats.lon levols, mine ventllation, ‘
' roof support, mine inspoctions,. and oqulpnwnt. The law provides fqr- '
\‘ regular payments frou tho Unit.od Sgat.oa GQVernment to uiners who cannot.

:wo_rk becauae phoy ‘auffex' fnoh 'pneqnoc_:onxogia.\\ |

\
v

A + \
) ' \ L Occupationa Asasociated with Silicosls . -
- - Table, 1 " * S o

h)

. 1. 'l‘he minlng of cold, tin, copper, mica and graphlto/

2. 'h“’ quarrying of granite, aandatone and slate \ -/
. ¥
3. ,'rhe dreaaing of granite and siliceous rocks, and stonemasonry
. \ L] .
' 4 Met?l grinding, caating, corenak;ng and knockout, cauting clearlng o
and ‘sandblasting . \
5. The manufacture of pottery and ceramica \

. \ S e
'6. The manufacture of refractoriel ‘ '\\ - .y

"'-7. ‘,'I'ha nanufact.uro of abraaivo powdera containing sili\ca ' -

: i _ \ :

. - i ) ' ; ’ C l' h:' ! “\' ’ IR .

8 | Enamelling | T - ~
. 9. Boiler dcaling - ; E | Y e
" ) 3 ‘ (U : . :' T _

_10.. The manufacture of gubber fillers ‘
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Health Disorders Related to Coal Mining

I. Short Answer

List six factors which appear to be aassociated with the developaont of
ailicoai,.a _ ,

2. How doe- particle size affect the contraction of silicosis?
3. Lilt occupationa in whioh the danger of ax}icosis oxists.
4. Define =~ -11100.13, pnou-oconioaia, anthracoailicosia, and anthracoasias«

' 5. Describe how the Federal Coal Mine Health and Safety Act of 1969 improved
the working conditions of ainers.

- e

6. Why ia silicosis more prevalent in anthracite miners rather than
bituminous minera?

' 7. How does silica affect the growth of the tubercle bacilli? !
8. How are th; majority of coal duat particles removed from the lungsf

' 9. Describe some physical aymptoms associated with silicpsis. .

' 'II. Fill in the Blank - Fill in the blank wlth the corrett term or phrase
to make the statement correct. _

4

1l. The occupational inhalation of dust containing crystallino free
' ' silica is .
2. i is the chief complication of silicosias.
' 3. . refers to dust retained in the lungs.
4. All paréiciea that are larger than microns are filtened

. by the upper.respiratory tract and bronchi. :

. 5. Dust particles leas than microns are carried to the alveolar
ducts. P :

6.. _ are the ba‘ia for diagnosing silicosis.

' ' 7. When coal dust is inhaled, the maximal changes occur in the upper
’ of both lungs.

8 e is the chemical formula for silica.

-y

"._The ' N e-tablinhea uni form standards for mine
' ventilation, coal duat concontration levels, roof supports, mine

inspection, and equipment.




III. Unsc¢ramble the Words - Place the correct spelling of the word
in the blank. :

1. GYOPAHECT - a cell which engulfs into its
cytoplasm particlo. from itas uurroundinga, by a process of
flowing all around them .
2. OCINOTHASIRIALCSS - coal dust plus silicosis
3. | SHOARMCPAGE - phagocytic cells widely
diatributed in the \Q:tebrate body
4. . ' INNPUNCEOOXOSS - dust in the lungs
S. l LISICA - tands to stimulate multiplication
of the tubercle bacilli ' :
¥ | g ‘
. )
4 [
v
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The Effects of the Combustion of Coal od Humans

When coal is burned, soveral gases and waste products are ;eloaaed

into the atmosphere. Among those substances reloased ara: carbon !
monoxide, sulfur oxides, nitrogen oxides, particulates and hydrocarbons.

Theae five types of aubatﬂncoa aEe'known as primary poliutantu and

account for 90 per cent of the nationwide air pollution problem.

- -

Particulates
Particulates are amall, solid particles and liquid droplets which

are present in the atmosphere in great numbers. These substances may
include organic compounds, metala, dusts, and sea salts. They enter
the human body almost exclusively by way of the respiratory system.
The“extent of-ponotration is related to the size of the particulate.
The respiratory system is often classified.into an upper. system,

*

dhich includes the nasal cavity, pharynx,‘and trachada~and §.10§of

. .
CO
f k‘

.
E) S . ) .
system, which includes the bronchi and lungs. T e e :

In the upper respiratory tract, particles“greitér t,h,an:'~ 'é.dicrong,i
in diauet:r are filtered from inhaled air. Hairs in the nasalwpdSBage_ TP
form the firat line of defense, but particles may also bertrapped'ianhe

mucous which lines the nasal cavity and trachea. ' .

Particles smaller than five microns escape the upper respiratory -

tract and enter the lungs. These particles are usually removed by cilia

which line the walls of the bronchi and bronchioles. ' A continual

wave-like motion of the cilia has fhe ef fect of moving the mucous and

particles up to the pharynx wheraithey may be eliminated. ' :, —-‘-Q
Particles less than 0.5 microna in diameter reach and gettlaﬁin.ghe >
. . ':l-u- w
alveoli. The removal of such particles is less rapid and less complete . - - .

- ) . .
. ) . . o LR
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¥  mucous covering or cilia.

co

. .
.

.than from the largor. particles, since alveolar membranes have no

Thu-, particulatea of asmaller size penctrate

ltho deepest into the lungs and romain there the longest.
Partinulntqn may be toxic and directly affeact the body. Many toxic -

naterialn are presont in trace amounts. it metals found in the air

are connidorod to be toxic, among thom are: nickel, beryllium, -cadmium,

tin, anti-ony, lead biamuth, and

A Exposure of humanas to high concentrations of CO can result in death.
Y AR
k*‘ ‘

with hemoglobin (Hb) in the blood. Hemoglobin functiona as a transport

ayaten in the blood to carry oxygen in the form of oxyho-oglobin (0yHb)

o

_from the lungs to the body cells and CO, from the cells to the lungs =

(COHb)_iq.torlod. When ' thia reaction occurs, ‘the ability of the blood

to trhntpor§ oxygen i- ronceq. The affinity of hemoqlobin “for CO is

more thin 200 times greater than' for 0,. Thorefore, hen both are

‘preaont, CO will form &compound.with hemoglobin and ?gygen will not
i ' SN S T ey

> . .

k)e utilizﬁﬂg. ’9,(/" o ..— .’_:' '.P- . . '
The health ‘effects of CO° are diacuéaed in terns of the por cent

‘ry
.

of COHL 1n tho blood.’fwhon tho COHb blood level ia leas than one per

cent, there are no Apéaront effocta on the body. When the .COIlb blood ,

'ﬁovol ia‘betwaen 1 .0 -to 2 0 pqr cent , t%ere ia some av&dcnce of effoct

on behavorial perfornance. Whon the coub blood lqu% ia betwoen 2 0

-,w.
-

to 5.0 per cont, thp contral norvnu- -ystem ia lffocted. Th@rq is an '

-

1mpairnent of tino~1ntorval Qiacr natiOn, visual: acuity; and . e

s
\4l& brightnoaa discrinination.4.Wh@n the.COHb blood level is greater thﬁv
‘(if ’ N . .’\ ) - " ) ‘?“_ ,,.. ’ '}
' ' E X 0 .
) e ‘, o . #?‘,. \*1.68 ] .

. . ..
-, ‘ ) - ) . o e
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as. CD Hb. -When hemoglobin combines with carbon monoxide, carboxyhenoglobin -



.Whan the %Hb blood 1ovol is between 10.0 to 80.0 per cent, Lbe

§.0 pdr cont, thoro ‘are cardiac and pulnonary functional changes.

individual oxperioncoa hoadncho., fat.iguo, drowoineaa, coma,

N

l respiratory failure, and death. - i
. . ‘ -

'. | The national aire-quality atandards for CO established an upper , @
exp(;iure limit that corresponds to an equilibrium COHb level of /
l 1.5 per cent. - . )

Whon t.he concontration of sul fur oxide is below 25 part.a per million, |

' ’the gas dissolves in the lloiat' mucous lining of the upper respiratory

. tract, and very lit‘.t.le is belioved to penotrato deep in the lungg,,' - o ,

>
I

’ ‘ Studioa conducted under the Community Health and Environmental
' Surveillance Syateu Progra-x the Environmental Protoction Agency

show a definite correlation botween the incidence of reapiratory

l 1nfect.ion in children and the level of sulfur dioxide pollution in

Y

i N m A ' an W

=

thoir envi romlent . _ . . (

©

It has been ahown that sulfur dioxide:inhaled through the mouth -

4

produces greater effcota than that ;mhaled through. tho -noso. The .

~

i

nasal cavity b-onbs large amountas of sul fur dioxlde. ' P

‘Nost of tho concern about the health hazard of current atmoaphcric

-

aulf’ur dioxide concent.rationc is r¢l§¢%d to t.heir effecta on’ t.he eldorly,

-.anthnatipa, and ot.hor auaceptiblg people with chronic respiratory - .
problems. ' e ' B v .
1 ° | 4 0 I I . - . . B . . .. . \

Nitric oxide (NO) and nitrogon dioxide (NOZ) are potentia!lﬁealth :
,hazarda. Nitrogen dioxide is about four times nore toxic than nitric -

oxide. Nitric oxide is not an irritant, and is not considered a haalth

- o v,
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hazard.

The offects of nitrogon dioxide on humana ‘and animals are confined

-

to the ro-pirltory tract and occnr.only with nitrogen dioxide levels
highor than thono now found in the environment. According to the

experiments eonducto@ on human volunteers for low concentration teats

and~.p1.alg'for the high»dosaae experiments, an increase in dooago
rooultod 1n tho following offoct sequence: odor preception, naaai
irritation, broathing dinconfort, acute reapiratory diotrooa, pulmonary
odona (fluid accunulation) and finally, death. Concontrationa of

nitrogon dioxido greater than 100 parta per million wereslothal to

LN

most aninals, and 90 per cent of the renulting deaths were cauood by

& Lad

pulnonary.ed%ua.

ll I ! : . . ’ . ' lu
Currently, there is no evidengo to indicato that hlydrocarbons, at

ﬁreoont air concontrgtiona‘ exort‘any d1rect undesirable effects on

*

hunaha. Experimental data ohtained from reaearch on hunans and

4

animals indicate that hydrocarbons produce undesirable effocts only at .

a

hundreds to thouaanda ‘of tines higher than those now found in the

.
.
!‘

\.-.r"

'atmosphero. No effects havo been. reported for levols lower tHan

500 parts per uillion.
S

The following ef fecta have been observod in humans expoaed to

’ -

ozone under experimental condit;ona: no ill efﬁ§cta were noted at

conccntrations up to 0.2 parts ﬁerfmillion. A level of'about_0;3 ‘

parts per million appoarod bo be the "threshold level at which nose

. and throat 1rritation bagan.- éxpoaure to ozone concentrations of

1.0 to 3. 0 parta per uillion for a period of twa hourn produced
v oA
extre-e fatiguo~and lack of coordination 1n nubjocts. Exposure to

. A
. . \
! . . . ©
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concentrations of about 9.0 parts per million for similar time porion

produced severe ‘pulmonary edema in most uubjéct-n.
» . . .

®

N

[
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TABLE 6-4 TOXIC TRACE METALS THAT MAY POSE AIR POLLUTION .

PROBLEMS
. ELEMENT - - SOURCES " HEALTH EFFECTS
. . Antimony Industry _ Shartened life wen in rets
- : . Berylilum Cosl, industry (new uses Probably the most toxlc of tm.
. proposed In nuciesr power . alght, It sccumuliates in the lungs
. ingusicy, e racket fuel) - 10 produce beryliiovis, 8 serious
- ) : disease, carcinagenic to rats when
. ' inheled. .
\.‘is
N . 8ismuth ' Coal Low order of toxicity, kidney end
! liver damage in lerge doses
K Cadmium Coal, 2inc mining, weter Cardiovasculsr disesse and hyper-
mains and pipes, tobacco tension in humgns suspected,

tmoke . interferes with zinc and coppsr
maetabolism

Leesd . Auto.cxhauu {from geso- Brsin damage, convuisions,
line}, paints (prior to sbout behaviore! disordars, desth
1048) . '

Mercury Coal. siectrical spparstus, - Nerve damage and death
other industrial tungicides <
' Nickel Diesel 0il, residuel oil, N Carcinogenic properties in gni-
’ cos!, tobacco smoke, mals, and in humans when inhaied
‘ ‘chemicsis and catalysts, s the carbony!, NI{COl4
Nes! and nonterrous slloys

~

Tin « _Iron end stesl production, Low order of toxicity, decressed
» _ _coal, tin plating lite span In rats end mice, liver
lesions in rats

A

-

-
¥

-

‘\
s Date from A Sensbie Look at Ax Polution by Metals,” by H. A. Schrosder, Archives of
Environmental Heaith, December 1970, p. 803, end ‘‘Trace Metals: Unknown, Unssan Pol-
lution Threat,”-Chemical Engineering News, July 19, 1971, p. 30.
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The Effects of the Combustion of Coal on Humans

. . )

I. Short Anawer
. o
Ill. Liat fivo types of substances known aa primary pollutants. -

2. Describe how particulate size affects the depth of penetration in
' the respiratory system. ' P

3. What are particulnte:?
!4. List eight toxic metals found in the atmosphere. . '
'S., How does CO pose a threat to health? : -, .

6. What is the'function of Hb in the blood?
l7. What per cent level muat be roached before death dua t,o CcoO poinoning
- takes place? .

[ ’ -

' 8. What happens to the majority of aulfur oxides in the body? .
9. What effect does aulfur dioxide have on childyven?
ILO.‘ How does nitrogen dioxide affect the human respiratory tract?
all. What is pu}monar§'edemh?
ILZ. How do hydrocarbons affect human health? )

I'l_‘_;.~ At what level does ozone expoaure produce pulmonary‘odxna?-

_ ) R - ,

Irl. Write the chemical formula for each of the faollowing compounds.
sulfur dioxide - o carbon dioxide
nitric oxide . carboxyhemoglobin

' nitrogen dioxide oxyhemaoglobin '

carbon monoxide

'LI. Have the .students write rcporta on the following air pollution
disasters. - . : ;

Denora, Pehnnylvania ~'l948 : _New York, New York - 1953

London, England -~ 1952 London, England - 1962

1V. Hava the atudents use the Micro Slide Viewer Set Number -~ 89, T
. P n_ a n h - National Teaching Aidas, Inc.

120 Fulton Avenho, Garden City Park New York 11040.

v
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