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MAKING COAL A CLEANER FUEL

We often e an coal. However, o i clesnes,coal
il s many cnviroumental downsides, Serubbee,or deulfr

rationsysems, ca remove ulfr from  power li’s cabaus

FIGUre 11,6 Treesilled by cid fog,Clngmans Dome, Great
‘Smky Mountains NationalPark, Tennessee.
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Yeus I the second plse of the Clean Alr Act Amendiments,

more than 200 aditionl power plants made SO cuts by he year
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atoawide

A mationvid cap on SO, cmissionsfrom coal-burming power
plant was imposed affr 2000. Ul abo cut nirogen ovide
crissons by 26 milion ton pee ear, outof 7.2 millon ons pex
year ol Several echnologies o ol in ways that minimize
Jolf oxide and strogen oxide recascs but do ot educe CO,

Fluidized-bed combusion mixcs crushod
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remove i afercombustion.
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idized-bed combostion. The Clean Air Act Amendments of
1990 povideincnties oruilty companies o convert o cleanee
technologies, such a5 fuiized-bed combastion. The sont of
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{nstaling Buidized-bed combustion compares favorably with the
cost of installing desulfurization systems.

Fluidized-bed_ combastion s more efficcat than trad
tional ol burming—that s, it produces more beat from a given
‘amount of cosl—and therefor reduces CO emissions per uni
‘of clecriity produced. 1 improvements of this echnology were
developed and adopted widely by coal-burning power plants,
uidized-bed combustion could signficantly reduce the amount
of €O released iato the atmosphere. Pressurized Audized-bed
‘combustion i being developed 85 3 way o teduce CO, as wellas
itrogen and sulfur oxides. By operating flidized-bed combus-

on under high pressare, complete combustion of coal occurs
St low tempersture. Sulfur emissons are removed as calciu
Sulfate, and few ntrogen oxides form because of the low tem-
peratures. Pressorized luidized-bed combustion is more cxpen
Sive than regular Buidized-bed combustion becaus it requires &
conly pressurized vessl.

‘COAL AND CARBON DIOXIDE EMISSIONS

1012013, the U.S. Supreme Court rled that the EPA can regulatc
carbon dioxide emissions from coal power plants. While it will
{ake some time fo thes regulatons o take efec, it will proba-
biy mean the closure of older (and diier) plants. New power
plants may also be built with equipment tha captures and sores,
o sequesters, carbon released when coal is burned. Currly,

carbon capture and storage () technology i
largely untesicd. There is one experimental
fnstallation at  plant in Germany, sbout one-
tweatieththesizeofaypical coal power plant

cacbon capturesnd
age (€3 The
remomtofcatsonrom
o comus.

Sanasoapeol which could serve 53 model for
the carbon. WY ingatlations. i
g

No country cumently repires CCS at e
coal power plants, However, i s possibe 1 build 5 plan with
‘quipment tht woold make i elatvely csy 1o i CCS equip.
{ncot o1he otur. Insalling CCS eqsipment s cxpensive il
ot mih less expeasive than trofting i he fonwre if CCS
hecomes a reqircment. In Chapter 20, we cxploe i more detal
oppURuE o TS carbon relssd o g el
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e 117 et b ombustionacon.
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et powe i il s

1. Which type of cost mining —surfaceorsubsurface mining—s more
andimensive?

3. Whotareacid mine drainage and 9cd depositon?

3. Whatar the emvronmental beneft of resourcerecovery? Of
Audied-bed combustion”

0il and Natural Gas.
CeARNING 0B IECTIVES
- Defne sructurol trap and give two examples.

- Explain whats meont by peok o and why t might concern us.
- Discuss theenvironmental problems o using ol and natural as.

- Summarize the contining controversy surrounding ol drilingfn
the rctic Nationa Wil Refuge.

Allhough coal s the most important energy source in the United
Staes during the carly 19005, ol and patural g became increas-
lngly important, particulary afe the 1930s. This change occurred
Targelybecause il nd natural gas are mare versaile, casier o trans-
ot and cleaner burning than coal. In 2009, il supplicd appros
mately 37.3% and natural gas 2475 of the energy used in the
United Sttes. In comparison, otber U.S, energy sources included
<ol (09%). muclear power (8.8%), and tencwables (8.3%). Glob-
aly.in 2012, Gl provided 33.1% of the workd's energy and natu-
al gas, 23.9%. Other major cnergy sources included coal (29.9%),
renewabies (867, and nuclear power (3.5%) (Figure 118).

Petroleu, or crade oil is i liquid composed of hundreds of
ydrocarbon compounds. During_petroleum refining, the com-
‘pounds e separaed int different products—such as gase, gaso-
Jine, heating o, diese oi. and asphalt—based on their diferent
boiling points (Figure 119). Oil is also used o proxce peiro-
chemicals, compounds in such divers products s fertilizer, plas-
ties, paiais, pesticides, medicines, and syhetic fibers.
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Figure 118 Workd commercial energy sourcs, 2012, Noe i
e belnin imporance of i, col, 4 il g2 38 commersia
oy e, Aberoives ncd gl s, ind d ok

LOWEST BOLING PONT

Figure 11,9 Petrolem refining. Crdk ol s scpued o
o s o hes et bling ol Afer bein b, Y
e cpuried 3 fcioation ower, whic ot Y0 m 100 ) ull.
e ower e el o, e Highe o Componds o n he et

1o conrat o petvoleun, naural gas Contins ool f i
ferent hydrocarbons: methane and smallr amount of ehanc,
ot and botane. Popane and buane are separicd (1o the
T g, stored i presurized tanks s  liquid called iquetied
et pa,and s primaiy as el for beaing and cooking
ot Mthane i usedt bes esdeotal and commercal
it v poeeste eectrcty in powee plants, 2 for 3 variey
o purpoces i the crga chemisty indusiy

et satra s s increasing n hree main srcas—genera
on of lecuiiy, nnsportaton, and commercial cooling. Ove
mple ofn sywean approach i cogenerution, i Which natul
San iy s to prodoce both lectricity and scam e e of the
st gase providesthe caey 1o make sicam from waee 10 b
Che fo vesting (e Figre 1016, Copeneratin sysems hat wse
el g proide reltively clean snd efficien clecricy

Natoral g s  felfor reks,buss, and antomiles offes
gniiantcnironmental advantages over sl o descl: Nat
g vehicle mitup 093 fewee hydrocabons, % less b
Tmohonid. S0 fewe i eissions, and almost 5o ook Eagocs
{hat e ot gas are esentally the same 5 those tha bum -
Tine. A  fue, ntol g can e cheaper thangasoloe: Individus
con sl cquipment o compress natural as i hei o, Many
e comprevd naural e v oty in e 9 the Uried
St e e achicles, ncluding saural gas-powered ransitbuses
{a many citles andtaxi in Seatle and Washingion, D.C

‘Natral s cficicnly. focls residental and commercial
ircooling sysiems. One cxample i the wse of naturl £2 in &
Ssiceantbaed (serying) cooling sysien, which is dea o
Sopermatkets, where humidity coirl i as Important 8 fempera-
fate conirol. Restaorants are oo impetant uses of ntural gas—
powerod desiccan-based coolin sysems

“The main disavantage of saal g tht depois are ofen
Jocaed o from where the cnergy is s, Becae s 3 g5 and 5
e et i, naurlgas costs o e moee o rnsport
{hrough pipelines than crode ol Totanspot st 25 ver long
dismces it s fst compeessd 0 form ligueed naturl s (LNG),
{hencamiedonspecially consrcied efgericd s (Figure 1110).

Through 2007, the Unied Stes was imporing increas
jng amounts of LNG, with a peak of round 2,300 million cubic
metespes mooth i ae 2007, The sy was concered that the
Tou facilic for procesing imports wouldbo nsuficiat 0 meet
fotire projections, Howener, wih e iocesse o hydraulic frac
{aring, he need for imporied LNG diminisbed substatially; by
2014, imports were down to 250 milion cubic meters per month,
Sbout the same ate a0 2001

EXPLORATION FOR OIL AND NATURAL GAS

Geologe exporatons contioally e way i sarch of new il
s o deposits,wally foand geterundesone o e
Tapers ofrock. (O natral gas tend o migrate v un
ihey eschanmpenmesble rocklayer ) Ol a5 naturl s depos-
i are wsally discovered indirecdy by the
detctionof strctus aps (Figure 11,11,
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both porous and impermeable rock. I impermestic ayers overlic

s apers, any ol o natural gas present from a source rock
Pt a5 sandtone may work it way up through he porous ok (0
ccumlate under the impermeableayer

‘Many important o and s s deponis .., o deposits
Kmown 0 cxist in e Gulf of Mexico) ar found in assocaton
i st domes,underground columnsof st Saltdomcs develop
‘When extenive sall deposes ormat Earh's srface becauseofthe
vapocation of wier. Al surface watr contain disolved sals
The salts disalved in ocean waer are 0 concenied they can

Figure 11,11 Structursl trap. The rost imporuant ofseveral Kiods
At trap s show. Thes raps for when sedimentary rock
s okl o 14 upward. Ol s st g ecp hrough porous
oot ok auchat snstons and collct undes TOnporous 4YEr sch.
ot of shle. Ntural gasaccumulateson fop of e i, which
{arn flots oa roundaer

e asted, but even fresh water contans some dissolved mateia.
1 4 body of waer acks  passage (o the ocean, 2 an nland lake
often Goes, the salt concentraton i the water gradually increases.

(The Great Sat Lake in North Americ is an example of a sakty

{aland body of watr tha formed in this way. Although three rivers
cmpy into the Great Salt Lake, wates escapes from the lake only
by evaporstion, accounting foe s high salinity—four ines bigher
than hat of ocean wter.)

1 such a lake were to dry up. & masive salt deposit Would
cemain Layers of sdiment may eveatually cover such deposits and
‘onvert 0 sedimentary rock afer milions of years. The rock Iyers
et ad the sal deposit, which i e dense than rock, ises in a
columin——a salt dome. The ascending salt dome, together with the
ok layers that buckle aver i, provides a tap fo il o natural gas

Geologits wse  varicty of techniques 10 identify sructural
{raps that might contain o o patura gas. One method i o drill est
oles i the surface and obiain rock samples. Avother method is 10
produce an explosion a the surface and measure the echoes of sound.
‘waves that bounce offrock ayers under the surface. These dta arc
interpreted 10 detemine whether structural traps ae present, How-
ever, many sructural raps do ot contin il or naural gas,

Three-dimensional seismology prodices maps of o feld arca
nd depth,cnabling geologiss to have higherrate of success when
drilling. Anothernew techoology tht improves il recovery i hor-
Zontal diling. Traditionalofl wells are vertieal and cannot v off
1o follow the contours of underground formations that contan oi,
‘Well dug with horzontal drlin follow contours, and they gener-
ally yield hre to fivetimes as much ol s vertcal wels

Even with the new technologies, sesrching for oil snd natu-
al gas is expensive. I coss millons of dollrs for the basic geo-
logic analyses o fnd strctural taps. And once ol o atural gas
s located, drilng and operating the wells ot additional milions.
However,oil companies easily recover these costs one the il and.
matural gas begin o flow,

RESERVES OF OIL AND NATURAL GAS

Although oil a0d natural gas depesits exist on every continent,
ther distibuton i uneven, and a large porton of total o depos-
its are clustered relatvely close together. Enommous oil iclds
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Figure 1142 _ Disrbutionof ot deposits. Th Feian Gl
s g o e word. Dt e rescricd s regios e
o i the b )

contining me than Bl ofthe workd's o estimted rscrves
S Siuatad inthe Persan Gulf region, which incudes Ira,
Kovwai, Oman, Qata, S Arabi, Syri. the Urited Arab Emir-
s, and Yermen (Figure 11.12).1n aiion, majo ol felds are
o 10 xit in Venezuel, Mexic, Russa, Kazakhstan, Libya.
‘0 e Upited Sttes (1n Alska andthe Gul{ of Mexico)

M than 0% of the workds proved recoverable eserves
of satoal gt sre located i two countris, Russa and Iran
CFigure 11.13). The Usited Sites ha more depasits of matural
a than Wentern Europe. and use of naural g3t s more com
o in Norh Amecica thn fo Western Europe. Canad od the
United St lso extractcou b methane, a form of natural s
associsted with coal deposis

i unlikely tha major e conventional il fiekds will be
iscovered i the continental United States. However, o inshale

Figure 1113 Sixcounties with the greatestnaturl

pvreenes

Pusan Anca e East N Wesr

G i Eutope Anerca Evope
cowes Som wnd

s

s S o Koo eposs o  laively small arca s
et e 015 word et of coe ol ey, (T s coor

deposis rpresents a expanded resoarce (see below for details
bt shle ol xtraction). 1 the United States, shale oil, which
only v year ago was rarely extracted. ow represents 35% of
e domests sopmy. Glabaly, shal il represens about 10%
oftotal spply

Large conventional il depoits probably exst undet the
continepta helves, the rlaively fat underwaterareas that sur-
ound continents, and 1n decpwater arcas adjacent o the conti:
‘eatal shelves, Despite problems such as storms at sca and the
otenialfor major o pils, many counties engage in affshore
iling for this o, New technologies, such as platforms the
ize of football felds, nable ofl companies o il down sey-
eral thowsand feet for oil, making seaioar o ilds once consid-
“red inaccessible open fo apping. As many as 18 billon barrcls
756 billon gallons)of ofl and natural gas may exist in the decp

Farcat ot wod e g esorves,

10 Ouar Seud Unied Unted
Aoba A Sies
v

: o i S e
ottt et D e 020 et

Qi e s Ars Eiris, whih e ot shown o e ap, ey e s f Sauds Arsbia )
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water of the Gl of Mexico, ju
Texas 1o Alabama, Contineatal shelves of the coass of Westem
Africa and Brazil ar also promising. The of industy s currently
developing remote-controlled robots that can nstal and mai

ain underwater cquipment and_ pipclines. Environmentalists
generally oppose opening the outer continental shelves for oil
and natural gas exploration because of the threat  major oilspill
Would pose to marine and coastal environments. Cosstl indus

acluding fishing and tourism, also oppose oil and natucal
£ exploration in these arcas.

How Long WillOit and Natural Gas Supples Last? s diff
cult 1o project when the world will run outof oil and natural g
but by some estimates cven with o from shale deposis, the peak.

Teel of oil production may hase already passed. meaning that

lobal resources are in decline. In contrast, shal deposis could

mean many more decades of ample,inexpensive naturl g

We do not know how many addional ol and natiral gas
escrves will be discovered. no do we know if ar when techno-
Jogicalbreakthroughs il us to exiract morefue from
eposit Just  decade g ol andnatural g2 sale deposits were
Tarely exracted. I i possbletha apsher resoure of this g
e o greater s yet 0 bediscovered The answee 10 how loag these
s will ast s depeds on wheber world consumption of ol
and natral gas increases, remsins e same, ordeceases. Economic
{actor iflocoee ol and nanal gas avaiabilty and comsumption.
'ASrescres ar exaused.prices ncrease, wich diies dow con
Campion and simulstcs grester enegy eficcncy, the search fox
iiona deposts,and the e of cmaive energy souces.

‘Despie adeguate o supplies orthe near fuur, in the fon
crm e will need othr resources. Gasolin has becn readily
ilable and incapeasive i the United St for s of th pist
Sentury: An excepion wasthe beif disrption cabsed when the
Organisation of Petrleum Exportng Counirics (OPEC) limfed
Slabal o supply in the carly 19705 (Figure 11.14). Durin e
B Several detades, however, the emaining ol wil become
e dificlt and expensive o cbtsin. Mot expers think we will
begin o have srious robiems with
the 21t century.

o expents think that global ol peodcion has already

eached peak o, the poin a which the il is

being witdrawn i the highest posibe rac
About 0% of current production comesfrom ol
fieldsdiscovered before 1973, and most o these
filds have stred to decline in producion
These analysts saythe word st move quickly
o develo aliemativ energy soures becase
e lobal demand for cnergy will oy contnue
o ncrease ven a5 producton declies,

ndusiry analysts re generally more optimistc. They think
it improving technology will llow us 0 exiac more il out
1048 i fekds. nd are opimistic about undiscovered ol shale
s New g ey el s b o fels
el unfcachable (such a beneath decp-ocesn vater). Inproved
o syl (discussed Lt i the chapter), Even so, he ot
et predictions ar o peak ol 0 Gecu e thi ey,

supplics sometime during

pesk ol Asoknows
o hubertspesk:
e 5. grlogst
"o st developed
soimtatwhichgobslol
Hrcdcton as esched

4

Figure 11,14 Long lines atafillng station, 1973. [ 973 the
Ui S had a short v ot raumatc asoline shoriage, reuliog.
{rom an cmbargoimposed by OPEC. Currndly, while gasolne prices
can vary gy, i always availabl tsome price. How long tis
eady avaabilty will contna s ncera; e ke his could be om-
monplce inhe fuure.

Natural gas is more plentifl than oil Experts estimate that
readily recoverable reserves of natural gas, if converted into a i
wid fal, woukd be cquivalent to between 500 billion and 770 bl
Tion barrels of crude o, enough to keep production rising for al
least 10 years after conventional supplics of petroleum have begun
o desline. However, if the global use of natural gas continues o
increase as it has in fecent years, then its supply will not last as
Tong as curent projections predict

Large amounts of natura gas have recently been discovered
i shale formatins around the world. Removing shale gas can be
more expensive and environmentall disruptise than the resources
we have been accessing, but shale gas extraction s aking place in
an increasing number of places around the country (See Case in
Point: The Marcellu Shale).

tuu W POINT.
THE MARCELS
Estimated known reseres o natual g the Unied St have
increasd n the past few year, fom 192 illion cubi fet (TCF)

02001 102431 TCF in 2013, the most recentyear on record. Most.
of this s due 10 the discovery of natural gas i lage shale deposits

HALE.
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Figure 11,15 Morells Shale, The Marcels St fomion
D e oo o e s pars o sverl b The:

et rom 10 1o 120 meersthick s may cocts s uch
it ol cbi et of ol . How wil el g
o e Ui ts e ot oty scuriy? Ov o

sround the couniy. Foc example, the Marcellus Shal i ound
e e pats of s sttes: Maryland, New Yok, Pasylsa

Ot Viginia, and West Virini, and smal parts of sevesl
e (Figure 11.15) Majo shale ga deposits have been found
Pench ot than half of the 48 coatinental United Staes. The
Marello Shale may conian as moch s 400 TCF ofnatural g5
Ty s this resouree 55 an ppertunty o redoce our eiance o
ot encre resources and shift sway rom more viroamen
Tally damaging cosl.

Shle gas o much move difficolt 1 exrac than i g3s found
above il i sandstone deponis, where atura gas ofien vats ©
(b stmosphere if ot contained. T contrast g must be freed
o shal, which means tha afir a wel is deled, water s
umped dovwn and used 0 break te shale apset (Figure 11.16)

“Thi process,calied hydesulc fracturing (some-
{imes efered 0 s rackin),uss high- pessure
waer o open o widen gaps hat allow nafural
gas low. Hydraulc fracturing produces wastc
ater with high coneentations of salts and
nydeocarbons;the wasiewater can also nclude
tonic metals and radioactive uranium. While
echiulogies are being developed 10 recycle the wasiewaler in
place,the standand way o dispose of it ow i o pump it back o
The ground.In many places,thewter st be trocked hundreds of
lometers o suitable disposal st

Shale g depositsare alo often found much decper than 31
e reunees we have already accessea.Coupld withthe chalage
of extracting gas from shale, this means Ut dilling, fractuing.
d pumping are mare inense, and wells mu be located chser

et sodmier
ncuenghpere

Figure 1116 Hydraslicfractuing cxinct gas from
T e veica el o, with o zoial ol bood o e
e cret,Wae  th pampod o e well The pressre
sl o and b ydrocsbons e o e shles b 625
i ot welhed t o 0p. The el st b carcoly
o ahee i oo a i (i e ne e 10p) 10 prevest

ogether than most currnt naural gas wels. Consequently, shale
e temoval can b cavironmenially and ociallydisrupive, s sale
o emoval wels e dug pear communitie, farms, and sensitve
atra arcas. Even when opersied conetly, shale gas extraction
an b oy and odorous:  can s nerase traffic nd adversely
{mpoct roade and bidges Spills o leaks of hydraulic fractuing i
k) can contaminte groundvate o suface watc

Av interest in temoving gas from the Marcellus Shale
{ocreases, state andlocl governments have introduced a vasiety of
polcies and practices. New York and Pennsylvania offe an ot
Cuing contrst: While the two states ave roughly equivalent
‘mounts of gas tha could b emved, New York has becn very
Cautiou, wih & mortoriam on new drling at the time this book.
oes o pres.Inconirast, whil some municpalities in Penssylva
i bave restricted dniling, there were over 1000 wells ot the end
f 2010, and over 6,000 by carly 2013, In somme placs, communi-
ties work with driling companics to plan infrastrucare develop-
‘met and rafic manageme n aticipation of shal gas exteacion.
‘while in thers,th ineractions are much more adversarial. B

‘GLOBAL OIL DEMAND AND SUPPLY

(One diffcult spect of the oil market i that the word's major ol
producers are o s major il consumers. In 2012, North America
and Wesim Europe consumed 41 8% of the workd's otal petroleun

[ B
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(down from S0.0% i 2006), yetthese same countriesproduced ol
2445 of the workds crude ol In contras,the Pesian Gulf regio
‘onsumed 8.6% o the workds petroleu butproduced 30.8% of the
world's crude oil. The United States curealy imports aboot one-
thind of s o, down from two-tinds st decade .

The imbalance betweea oll consumers and oil producers il
probably worsen in the fuure because the Persian Gulf region has

nuch bigher proven reserves than other couniries. At curent res

of production, North America’ o reservs will un out decades.
before those of the Perian Gulf nations, which have 65% of the
Known world oil reserves and may produce ofl a curent rtes o
‘perhaps a century. This deperndence ofthe United Statcs and other
‘counties on Middle Eastern ol has potcntial intemational sccuity
implications as well as cconomic impacs.

Extracting U.S, ol esources more quickly is often suggesied
852 way o reducereliance on foeign o For xample, significant
reserves occur off the coast of the Usited Sttes and in the Arctic
National Wildlife Refuge. However, in global markets domes-
tic oil i indistinguishabl from forciga oil. So while extraction
of domestic il may increase shortterm supplics, it cann have
‘much impacton the percentage of petroleur hat the United Staes
buys from abroad.

ENVIRONMENTAL IMPACTS OF OIL AND NATURAL GAS

Two sets of environmental prblems are asociied with he use of
ol and naturslgas the probiems tht resul from buming e fuls
{combustion) and the problems involscd n obiaining them (prodoc
tion and ransport). We have lready mentioned the CO, emissions
hat are a direct result of the combustion of fossi focls. As wih
coul the burnin of ol and atural gas produces €O, Every ot
Jon o gasoline you burnin your automabie relcases an xtimated
K (20 1) of CO, nto the tmosphere. As €O ccumltes n the
atmaspbere, i nsulates the planct, prevening beat from rdiating
bk into spoce. The globa cimate i waming mare apidy now
hanit did doring any ofte warming periods followingth ceages,
and the environmental impact of apid lobl limate change could
cause substantial human sufein i the futre.

“Ancther negative environmenal impoct of buring oil is
acid depositon. Although burning ol does no produce appre
Ziable amountsof sulfur oxides, it docs produce nitrogen oxides,
Sasily through gasoline combustion in automobiles, which con.
rbutes approximately half the nitrogen oxides rleaed o the
Smosphere. (Coal combustion i resposibe for the otber hlf)
Nitrogen axides contibute 10 acid deposition and, slong wih
Snbamed gasoline vapors, the formation of photochemmical smo.
Poory tuned engines and dicsel-buming vehicles ako contribute
paniculte matc—smallprices tha s il and caune g
Famage and discae sce Chaptr 19,

“The buming of natural gas, on the oler hand, does notpol-
e the tmosphere as much as the buring of oil. Naturl g is
A relatively clean, fficent source of encrgy tha contins almest
sl contibutor o acd deposiion. I aditon, naurl gas

i less O, fewee hydrocarbons, and almost o partic:
Tate matte, s compared 0 il and ol

One of the concern i oil and natual s production s the

cavironmental damage tha may occu duing he ansport, often
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v long distances by pipelnes or ocean tankers. A serious spill
along the route creates an environmental criss, particularly
‘quatic ecosystems. One of the worst ol spills in Europe’s history
occurred in 2002 when the oil tanker Prestige broke up off the
coust of Span, contaminating hundreds of Klometers of coastline
and bringing th large fishing ndusty thre 10a halt.

“Tuo extremely damaging il spill have taken place off the.
coastsof the United States—in the Gulf of Mexico and in Prince
William Sound. Wars and civil uneest have also led o large oil
spill, including th largest—during the 1991 Persian Gulf War.

DeepuaterHorizon O Spill._On Apeil 22 2010, the Decpa:
e s el platfom i the Gufof Mexic, exploded.
e e plafomn colpue, 1 spmeat deched from he
Ncondall wel 1500 m (bt 000 ) belo e srface and
50k (50 mi o e sotherncust ofthe Ui Stes. M
e i f ol beganto i rom e wll, sreding oo
e st 2840 0 the srface. B Petieum (e company
U ol el e vy of e 0y 0 sl
i wllhed. A many sl atmps he flow of ol
s ol scped i mid Jly of 2010

Betwec i cxloion and Jly 15, when flow was com-
iy soppel around $ millo barels 10 million gallons)of
it o th el Lighi han e, ot of i ros o
o e, s wind and et pead t ey AL s
I, the ol ek coverd e of sy 75000 e 29,000
il reached the southern coast of Mississippi by early May
e Louisian cout oty et (igar 11470 Seversl
Lecnigues wers. e o renove the o from e ocean urface
o, inclin deployig 8t of avr 6000 sips and
ot o scop up o divet e o, sting e b i, and
pling dispasats that e e i soap o peven e o o
hceniring

Dt patfors v st s 300 m about 1000 ) v
heocean urfae,Thereae et 127 decpwater ol elds n e
Gl o Mexic. Tn 1990, ay ahout 20,00 bl of ol wee
bein prodoce cacday from e decpwaer ek by 2007,
i had eschd ncay 1 millio bl s Gay. A i of dct
Sios by the U, govermet exepied mue of 0 deling in
ihee s o he Ntonal Enironmentl rtection AC (e
Chapter 2).

Decpate il dling his 8 much et sl for o
pil han docs shllow-vate drilng, becase o beth the diff-
oy buding and maitsinng the onnecionothewell . s
s esmed from the Decpaes Hacion een, he exere chal-
Icne of plugging il 0 farbelow e cean safce. & Bow-
cutpreventon deice,which was dsigned 1 s flow i cast of
0 cmerscy, e, . id il et 0 cp.bypas, et
off, and bury the wellhead. " il

"he il kil thoasdsof plass, plnkion, inverhrts.
s, e, and bis (Figure 1LI7D), Sorimping. &
maor indusey of th consts of Loaians nd Misispi. s
e, hough some ezl simpin contved. mpacid
e ncluded i sancuricsand prfeiod wtand. T
ism was also distupted: Potential visitors canceled their trips either
becaun thebeaches e coverd wih o e hey were
uncrtin sboutbsch ontamination.
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{2 The exest of e il crons the e st of he U Sses
e 2011 when s mpact o the shore s et

1) it were o the mary i ht wer b by he il

Figure 11,17 DeepmaterHorizon il pil.

xeon Valdez Ol Spil.In 1989, the soperanker Exson Valdes
it Bigh Reef and spled 260,000 barls (109 millon gallons)
of cnade ol ito Prince Willam Sound along the cosst of Alasks,
reating the largest i spllfrom a takes in USS, history. As it
Sovead the il eventualy covered thousands of square ilometers
of wate and contaminsted hundreds of Kiloncters of shorcline
{Figure 1.18). According t the U.S. Fish and Wiklife Service
‘nd te Alaka Depastment of Eavironmental Conseryaion, more
han 30,000 binds (s ks, loons, conmerants, bald cagles, and
b species) and between 3500 and 5,500 sea otrs did 3
el of e spill. The aea’s kil whale and harbor seal popl
Tions declined, and salmon migration was distupted. Throughout
the aea, there was o fishing season that year.

Within hours of the spil, sientiss began o amive on the
scene 10 dvise boththe Exson Corporation and the goverment
o the best way 0 by (0 contain and clean up the spill. But it
ok mach losger for any real cton 1 occur. Eveotualy, nearly
12,000 workers ok part in the cleanup;their activites included
mechanized sesm cleaning and rinsig. which kiled aditonal

0 At iewof the vl lick  he souhwest ed o Proce

{8y Wavkers peay b e rom e o e ly it o
o, Al US4, e the Exson Vaber ol il 1989

eanor

(€ The exten of e spill black amow), Watr curents caosed he sl
10 spread rpidy over adieds of Klometes, iling courtes ani-
{mal, such s oder nd bisds. The Arcic Nasonal Wikl Refoge
s catod in e prthasim part of Alaska,close o he Traas-Aliska

Pipline, which begin st Pradioe Bay ad exends st o Vader. The
Naooa Ptokum Rescve-Alaa s aso shown.

Figure 1118 Exron oldez ol spill, 1985,
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eganisms such as barmacles, clams, mussls, elgras,
and rockweed, v

In ate 1989, Exxon declared the cleanup “complete” But it

n declared the cleanup “complete.” But

ot bl ted shorclines, par

ticularly rcky cossts, marshes, and mudfat; continved damage

Toon and harlquin

duck). fishes (such as musmelet and rockiish,
5 the harbor seal) and a

ol sch
5 duced commersil slon .

e o otcomeof e s was page of e O
Polluion Act of 19%. Ths lgidaon csabiuhes Nably for
damages o el esortcs rsling fom » Cammpe o
“pill, incodin 3 st fnd tht pays o clean up sl e e
responsble parycamnet oo rovide oyt e
. The Ol Plhmion Act reies ol ol onall o ks
hat et US. waters by 201.Had the Evon Ve pssved
ouble bl the st it ot e s ecane oy e
ouer bl migh hve bk

The Largest Global Ol Spll_ The world's most massive ofl pil
occurred in 1991 during the Perian Gulf War, when about 6 mil
Tion barels (250 million gallons)of rwde oil—more than 20 times
the amount of the Exuon Valde: spill—were delibeately dumped
into the Persian Gulf. Many ol wells were set on fir, and lakes.
of oilspilled into the desert around the burning ofl wells. Cleanup
efforts along the cosstine and inthe desert were initaly hampered
by the war, In 2001, Kuwait began a masive remediation project
10 clean up its il-contaminated descrt. Progres fs slow, and it
‘may take a century or more for the area fo compleely recover.

‘uu 1 poinT
THE ARCTIC NATIONAL WILDLIFE, REFUGE

e e
S T L el
e T
L
P e refuge, called America’s Sereageti, is home to many
T e g et
e e o e
s e D o,
i e Gl e e om e Do
e s ot o e s, e,
e o e e
s B e e
7oy fragle ccosysem, in par because of s barsh
e e eeaniamslviag here have adpted (0 theieaviron-
e e L e
e s R AT

buman activites Widife Refuge 1 1960.
Artic National WiIe Refuge 1 1960,
oy e e b
nctive wildiie.In 1980, Congress cxpanded this
e Arcic Nationl Wiklfe Rege. The
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Department of the Interor was given permission 1o detemine the
potental for o discoverie i thearea, bt exploration and devl-
opment could proceed only with congressional approval

Pressure o open the refuge 1o oil development subsided for
about five years following the Alaskan oil spill, when public seo-
timents were strongly against oil companies. I the mid-1990s,
Bowever, pro-development inerests became more vocal. parly
because in 1994, for the st time i its history, the United States
imparted more than hlf the il i used. Although the Department
of the Interor concluded that ol drilling in the refuge would
harm the area’s ccosystem, both the Scnate and the House of
Representatves passed messures 10 allow it. (Presideat Clinton
vetoed the bill)

In 2001, President George W. Bush announced his support
for opening the refuge o ol drilng, but aftr contentious debate,
the Senate voted in 2008 against doing so. Developing Alaskan oil
resources, as wellas resources off the shores of coastalsates, was
again a procity of the Republican pltfor in the 2008 and o 3
Jesser extent the 2012 presidential elections.

Support for and Opposiion to Ofl Exploration in the
Refuge Supporters cite conomic consideratons a the main esson
for deling for ol in the refuge. The United State spends a large:
proportion of s cncrgy budge to purchase forign o, Develop-
ment of domestic ol could, for decade of s, improve the balance
of rade and make us ks dependent on foreign countres for o Gl

“The cil companics are cager to develop this pariculas site
becatse it i near Pudhoe Bay, where lrge ol deposis re alrcady
being tapped. (To date, Prudioe Bay has produced about 14 billion
barmels of crude o) Prudhoe Bay has a sprawling industral com
plex to support il production, ncluding roads, pipelines, gravel
pads, and storage tanks. The Prudhoe Bay ol deposits peaked in
prodixction n 1985 and have declined in productivi
As a reslt the oil industry s Tooking for sites that
infrasructure already n plce.

Conservationsts think oil exploration poses. permancnt
threats 1 the delicae balance of nature in the Alaskan wilderness,
in exchange for a temporary oil supply. Further, they point out
that using domestic oil s # short-erm fix and wil in he long run
lead 10 greater dependence on forcign oil. They prefer investing
n renewable energy sources and energy conseryation—permanent
soluions to he energy problem.

Studies, such as one by the U.S. Fish and Wikdlife Service,
document considerable habitat damage and dedlining numbers of
‘wolves and bears n the Prudoe Bay area. (Top predators re usa-
ally more suscepible o environmental disruption than are organ-
isms occupying lower posiions in & food web.) Because it s not
financialy practical (0 restore developed aveas in the Arctic to
their natural state, development in the Arcic causes permancat
changes inthe natual cnvironment. -

1. Whstare two examples of strctual raps?

2. Why do estimates of peak of vary?

3. What are three environmental problems assocated with using ol
and natura gas s enery resources?

4. What s the controversy surrounding the Arctc National wildife.
Refuge?
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Synfuels and Other Potential
Fossil-Fuel Resources
- Oein syl an distingush among tar sand, ol shles, g5
ydrses b col, and oo gas.
. By consides the environmentsl implcaions of ing yrfols.

Syofusts (short for syntheic fok). mterials
Sinilar in chemical componiin to i ot
Tl gas, tave long been consdered posible
forute sources of fosil uel. Synfucs nclode
tar sands, o shales, gas Bydrtes, liquefied
ccal, and cos g3 Allbough more expensive

rodoce than ofl and matura) gas, synfols are
becoming economicaly compertive s el prices i and tech

Dology improves.

Tarsands,or ol sands,ar underground sand deposits peme
st with bitamen. & thick. asphallike il The bitumen in tar
ands deep i the ground camnc be pumped oot unlss i s hested
‘anderground with steam 1o make i mare fluid. Onee bitumen i
btnined from tar sands it mustbe rfined like crde oi. World
{ar xand feseves are cstimated to ontain half again s mich fol
& word ol resere. Maortr Sonds re found in Venezuela and
i Alberta. Canada, where an stimated 300 bllion barels of il
cceurin o sands. Canadian minesare cumenty producing almost
300 million barels of ol a year from o sands.

Pioncers i the American West discovered “aly ocks” when
{hei rck hearths caug fire nd bumed. O hals are sedimen
{ary tocks contining 8 mixture of hydrocarbans known collec
{ively as herogen. Ol shlesare crushed 3 hesed 10 yield eir
i, the Kerogen s refned af i i mined. Only ecenty bas
tesmoving ol from shale become cos efective. Large o shale
eposits st locsied i Ausiralia, Estona, Brarl, Sweden, he
Unitd Saes, and Cisa. Wyoming, Utah, and Colorado have
{he lrgest deposts i the Urited Sates. Like ar sands, il shae
ecrves muy contain half again 35 moch fo s workd ol eserves

Gas hydraes, s cllo methane hydraies, ar reserves of
e cocrusid ntural gas focated decp ndrground i poroas rock.
Massie deposits are fund i the arcic tdia, deep under the per-
mafos, and n the deep-ocean sediments of the coatinetal sope
nd ocein o, Untl ecently,the U, ol industy was o parict
Loy iteested n cxtracting sl g2 rom gas hydeaes becase.
of the expense imvolvd. Several ol companiesae crtely evel
oping methods 0 exict gas hydates. Countries with 1t of g3
Tynes (e £ Ruswa) o with e comventional fossil-fo depois
(5. Japan) aveesablished national g3 bydraes programs.

'\ ponskohol iquid faclsimila 1o ol can be prodocd from
cos. I i e pollting than ol oo, but ot as lean3s . Coal
lquetacion was descloped before Workd War I, bt s cxpease
preveniod it from replacing gasolie. production. Techaological
improvemess have owered thecost of cos iquetction. Whilecoal
Tiqefaction i sill ot con. compeive withgasoline hre s sfoC.
s he Ui St o icrease pocucion n the pea .

‘Anovber synfue s  gaseous productof coa. Coal gas has
een produced since the 19th century. AS a mate of fact, it

g in American bomes uni i

e e fring he 200 cenuy. Con -
B o the combusible gas methan from
o e with e and siam (Fgare 11.19).Seveal
Gemonstration power plants that convert coal into gas have
e By Ui Sues. One advaiage of cosl
e o  tht el g burs o s cleanly 55
e miben e no neded whe coal g s burad
o i emoved dring coo gasifcation. Like othet

ety more xpenie 0 produce than

was  majoe fuel sed for g

synfcl,
Towil ucls,

ENVIRONMENTAL IMPACTS OF SYNFUELS
Although synfues ve promisin epergy sources,they have many
‘fthe e undesiable cfects s fossi fels. Ther combustion
lessen coormous guantites of CO; asd other polloants it
e amosphere,thereby contribaing (© global warming and aie

cou
3

Fgure 1119 congsfcation.Show i e e f
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ol e e ol i, o f e s o
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he public hesth impacts of fossl fue
enraction are hen dffcut t assess. When
the Depwater Horizon oidrling platorm
exploded in April 2010, ove 4 millon brrls
ofrude il splledntothe Gulfof Mexico see
Photo). The exploion self lled 1 workers
2 oil spread across the ocean floor and
the coast of the suthern Urited States, Kl
g widife and causing extensive ecologia
Saenage. Trodiional ris anabsis is being
{500 to estimate losses diretly caused by
theallspil

‘The efect on resdents of cosstal Lo
s, Misissip, and Florda i ess diec
The immediate Impact was the closing of
beaches and fisheries due o contamination.
s reolted n los Income, empty hotels,
nd dled boats a5 wel 9 the lss of many.
e jobs. Dty lfe forthousands was dis
Tupted and Uncerain.

Bektish Petrleu has established a fund
1o compensate financil loses. However,
ke compensation replace ot income.
for Indidunls and famles, It shifs the
o oy of a community. For example,boat,
ook, and fshing equipment and reparsare
o nge necded. Further,we know that the
Sess assocated with disruption and uncer.
ity can lead to depresson, acohalim,
i, and other mentalhealh sues. The

Deepwater Horizon il pilinthe Gulf of Mexico.

ong term impact of this ol spl coud be
e buk s of il bediffcuit o assess,

Drling for naturs g2 can have simiarty
uncerain, disrptive, and. dffcutto-mes-
sare public heaith implcatons. As we wil
Seein this chaptr, in 2007 geclogits dent:
fied 3 huge store o nawra g2 n the noth
exsten United taes, rapped na formation
calied the Marcelus Shale. Shale deposits
are found as far 32 6000 fee below Earh's
arfac. Shle g2 drling operations gener.
ate substantil wastewater, which must be
managed carflly to avoid contaminating
the envronment, includiog, agricltual and
residentsl water resources.

Although the effcts of posible waste-
watr spls can be estimated, the broader
impacts afect physical Infrastructare and
local communites. Fleets of trucks move
driling cquipment and wastewater, ncreas-
ing taffc nd stressing roads and bridges
designed fo far less trafic. Drling opesa
ons-—which can be loud and odorous~are
ofen ocated ear homes and farms. Oganic
famers can lose certifcation when deling
operaions come too close.

Etracing mineral andfosstfuel
resources has ahways had_widespread
efects. These include economic_benefts
1 communiies, Including jobs and taxes,

and the resting resources are used around
the world. Extaction can alo cause major
heaith and envronmental impacts t0 i

Viduss and commnities,many of whom do
ot shae n the benefits. I this chapter,we.
‘explore howfossi el wereformed,hovw e

nd some ofthe asso-

ated environmental impacs. Keep n mind.
that understaning the ffects—good and
bad—offossifuels requires that we think ot
Just about direc benefits and costs but also
Sboutbroader mpacts o envionmental and
societalsysers.
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e oping counrics. Thus, workdwide acces 10 €0egy is

HOW FOSSIL FUELS FORMED
Thoee hundsed milon years ago.the climate of much of Earth
e and warm. and aamasperc carboo dionide lvels were

i have ong

Waber: Vas swampe were illed withplni spcies ¢
e exine, Many ofthese plans—be
“were s lsge o tees (Figare 1L1).

mens, docomposers such 86 bacteia 3ad
{ungl rapidly decompose plants afer ther desth. However, 3
Tons st swamp plants died,they were covered by water
Thei watey grave eeveated the planss (rom decomposing much
o eting fongh cannot act on plan material where ORYgE IS
iment, and ansrobie boteria, which thrive in xygen-deficieat

"o ot decompose wood rapidly. Orer

S8 more e plnis plled up. A a el of periodic changes
T evel,sdiment (mineol paricle deposited by gravity) acc-
oo, forming layers that covered the plast material. Acons
s, and the best and pressure tht accompa
tied bural convertd the nondecomposed plant
materil oo carbon-ich ock called coal
‘and consrted the layersof sediment nto edi-
" mentry rock. Much later, geaogic upbeavals
ised these Iayers o that they were pester
Earh's sfac.

Figure 11,1 ACarbontferous forestof idwestern North
Ameica 350 milion years 350

o e | iy
e epoation depiied the small smount (gl e e

cen prescnt i he sediments. The esulant s
e eon-deficent cavirooment pecvented further s
Gesomponiion. Over time, e dead remains

e cowered an bied decper i the sediments. Alihough we do

et o the basic chermical reactions tht produge il,the heat
o presare causcd by borial presumably aided in the conversion
S thes remaine o the mixure of hydrocarbons (molecules con-
{aining carbon and hydrogen) known as i,
Noturt g5, composed. primarly of the
simplest hydrocarbon, methane, formed in
ssentlly the same way as oi, oly at higher
empectares, typically greaterthan 100°C. Ovee
millons of years, as the remains
‘were conserted 0 ofl or natural

s, the sedi
ments covering them were transformed into.sedimenary ok
{ncluding sandstone and shale.

~FOSSIL FUELS, THE CARBON CYCLE, AND CLIMATE

Buring of fosil fuels represents the compltion o the carbon
yele, pat of a natural sysem. Normally, solar energy and carbon
dionide are captured through photosynthesis, stored for weeks of
years,then consumed and released.Inthecase of fosil fuels, how-
ever, the cuerey and carbon accumulatd over millons of years
butar now being released i just a few hundred years, The carbon
dioxide (CO,) consentration of the atmosphere i rapily increas

g from evels ssociated with  rlaively cool climate 1o fevels
assochted with a suban

ly warmer climate.
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The equilibrium among CO, in the stmosphere, CO, dissaled
@ i° < cxcan. and CO, in organic matc changes over lon per
ods-—thousands o million of years. Orer the past ceatey. how
ever, we have released so much CO, into the armosphere trough
‘onsumpion of fosi felsthat Eath's CO, equiibrum has beco.
isrupted. Chapter 20 exploresthe comsequencesof inceased €O,

1. Whatare fossl fuss?

2. How are coal, of, and natural gas formed?

Whatis thereationship between burning fossfels and atmo-
spheric carbon dioxde?

Coal

- Distinguh between sufce miningand sbsurface ining

- Summarze the envicoomental problems associated with using
<ol

 Define resource ecovery and ficized bed combustion.

Although coal was used as a fuel for ceoturis, ot uni the 15th
‘centry did it begin to replace wood as the dominant fuel in the
Western world. Since then, coa! has had a significan impact on
human hisory. 1t was coalthat powered the stcam engine nd sup-
plicdthe energy for the Industrial Revoluton, which began in the
‘mid-181h ceatury. Today uilty companies use cosl o produce
eleciricty, and heavy indusris us caa for seel production. Cosl
Consumption has surged inrecent years, patcularly inth rapidly
Sroving cconomics of Chins and Idia, b of which have lage

coal esenves
‘Goal i found in diflrent grades, lasgely as a reslt of the
Vacying amounts of heat A presur it was cxposed (0 during
Tormation. Coal exposed o high heat and pressure during it for-
“mation s drie, s more compact (und therfore

Imesmaaety 474 Bander), and has  higher eatog value (thats,
AL | hiher snery demiy). Ligaie, sbiumioons
imasiod | col bpmaons coul, 1 mitrche s the

SoetAo0e. fo s ommon gradsof enl Table 1.1,

Ligaite i a soft coa, brown or brown-black in colr, i
Soft, woody festure. It i moist and produces e beat compared
it other ypes of coal. Lignite s ofi used 1o fue lectric paver

Table 113 AComparison o Difierent Kinds o Coal

o 209

o in the western staes, and the

Jas. it deposs e f
e et gt n he Usied S Nt Dkt
et ol prae ofcol e berveea

o Liel . subiumiaos cosl has e

o coment. Many eclfredcecii

lignite nd biu
tively Tow beat value and
ower plants inthe United State burn subbituminous coa becatse
2 slfur conten s low. I s found primarly in Alsska and a few
westem sats, such s Montana and Wyoming.

Bituminous coal. the most common type, is also called soft
caal, even though it i harder than ignitc and subbituminous coal
Bituminous cool i dull o brght back with dull bands, Much bit
minous coal contains sulfur, which causes severe environmeotal
probleus when the coal s bumed in the abscnce of pollution-
Control cquipment. Nevertheles,electric powes plans use biti-
minous coul extensively because it produces a ot of beat. In the
United Stats, bituminous s are found n the Appala

egion, hes the Great Lakes, in the Mississippi Valley, and
in cenial Texas.

e highet grade of conl, anthracite o hard cosl was exposed
o cxiremely high temperaturs during its formation. I is @ dark.
il lack and burns maost ceanly—it produces the fewest pol-
Iutants per unit of heat eleased—of allthe ypes of coal because
it not contaminaied by large amours of sulfur. Anthraciic has
he ighest heat.producing capacity of aay grade of coul. Authe-
cite deposits n the United Stats are largely depleted; most of the
Temaining deposits sre cast of the Missssipp River, partculasly in
Peansylvania. Coalis usually found in scams, underground
{ht vary from 2.5 em (1 . to more than 30 m (100 ) in
ess. Geologiss think that most, if not all, major coal deposits
are now dentiied. Scientists working with coslae therefoee con-
cemed less hout finding new deposits than about he safety and
environmental problems associated with coal such asthe burning.
coal sesm shown in Figure 112,

COALRESERVES.

Coal, the most abundant fosil fuel, is fousd primarily in the
Northern Hemisphere (Figre 113). The largest coal deposits are-
in he United States, Rusia, China, Austala, Ini, Germany, and
South Africa. The United Siates has about 20% of the world's coal
supply. According 10 the World Resources Institute, known world
oal eserves could ast more than 200 years at the current ate of
‘consumption. In adition, coal esources currently 100 expensive.
10 develop have the potential 0 provide enough coal o last for
1,000 or more years (at curret consumption rates). For example,
some coal deposits are buried more than 5,000 feet inside Eath's
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Figure 11,2 Burning coatseam. One petin wih i
Nening s 2 Black Drsgon Mosntin n Moo .
crus, Drfling a shaf tht deep would cost considerbly more than

COALMINING.

The two basi (ypes of coal mines are surface and subsarface
nderground) mipes. The type o mine chosen depends on suface
oo an o the locaton of the coal bed reltive o the surfce.
1 the coal bed s within 30 m (100 ) or 50 f the surface

risce
g is usualy dooe (Figure 114 In one
pe of surfsce miting, strip mining, @ trench
{3 o 1 extract the cosl, which i scraped out
of the ground and loaded oto railosd cars
{rucks. Then a pew trench s dug parlel o the
‘o cne, and the oerburden from the new trench
s pot o the oldtrench,crcating  spoil bark,
Jill of loose rock. Digging the rcaches involves using bulldozers,
siant povwer shovels,

\d wheel excavators o remove the ground

e coul scam. Surface vining s used 10 0tain 3PPrOn-
Sty 60% ofthe coal mined n the Urited Sutes.
When the cou s deeper in the ground or runs decp into the
grvund from an outcrop on  billide, it is mined underground
Subsurface mining accounts or approvimately
0% of the coal mined inthe United Saes.
‘Surface mining has several advantages over
subsurfoce mining: 1t s usualy less expensive
and safe for miners, and it generaly allows 3
more complee removalof coalfrom the ground. However,surfice
Tnining disrupts the nd much more exiensively than subsurface
Tnining and has he posential 10 cuse severalseious eavironmental
blems

o geep e
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Figure 113
pece
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Vi xiing echnaogics The majorktyof he world' osldepits a5
: Norber Hermispher. (The msp i color-coded withhe

[

SAFETY PROBLEMS ASSOCIATED WITH COAL

Altbough we usualy focus on the enviroamental problens caused
by mining and burming coal, significant human safety and bealy
risks also ccor inthe miing process. Accoxding o the Department
of Encrey (DOE), during the 200 ceptury mare than 90,000 Amer
can coal miners died i mining sccidents, although the number of
deaths per year declined sigificantly in the later partof the cen-
tury. Miners have an increased isk of cancer and black Jung dis
case, a conditon i which the lungs are coaied with inhaled coal
st severly resrcting the cxchange of oxygen between the lungs
and oo, 1 estmated that these disces e responsible fo the
et of at st 2,000 miners inthe United Sates exch ycar.

ENVIRONMENTAL IMPACTS OF THE MINING PROCESS

Coal mining, especially surface mining, has substantisl effcts
on the environment, Prior 0 passage of the 1977 Surface Min-
ing Control and Reclamation Act (SMCRA), sbandoned sur-
fce coal mines were usually left a large open pit or treaches
Highwalls, liffsof excavated rock, some more than 30,
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Figure 11,4 Surface conlmining. The overyin v
and rock e sripped away, and then e osl s extractd ot
sround. Photographed s Dovglas, Waomins

high, were left exposed. Acid and toxic miner drainage from
Such mines, aloag with the removal offopsol, which was buried

o e vy By xosi, pevcted o plats rom naturally
o oo e o, Srests wee plle with st and
S0 i driages prodced when e
o iogh o e minnis xposd
e hscscs | mine vaden Dangeroas anlides cccured o8
and dissolved materials  pillg unstable from the lack of vegetation.
sochaslesdanenc e can restore surface-mined land (o pre-
ot L eradaion wnd o make e land
e e fo s s, sbough st
e o i cxpenive ad schicaly hallenging
Amons ot ting, SNICRA eqies cou compaics o resoe
A e b sufce mied ine 197 reuiespermits
e o of e ol iin opcaions and rcame:
i colinin n snsio rss ch 1 o
ol g wid and s tvers s i 00
e tonal Reise of Hiorc Plces: snd sipults that sur
et an abandond pce 10 1977 (v tan 04 il
e ilionsres) shold gracally be et usiog
e At coucomptie oy on casl mind ou.
g 0 the. S, Ofice o Sutace Mising, moee
a1 il s e pe climin the most dangerons
s Jnds soppsciely tyoin f s money
e i foor s enmylvai. Kencky, West Virgii.
e Fsaning.Howeve, o by asndoned min cat k5
St ey canall b resors
ok f the s addesncive typs of irace i i
movatintop remora. A dogline,  igeshovel vitna 2010
ey ks s chak ot of & mounin, eventaly
B o i oo b e e ol o Wi
s o Eaviroumenal Mt Services moneasop ol
o el bevec 15 10425 of e mocmsiatos i e
e To iy s srad e ot
o vl with s o the oumainep. Mot
B vl cocming i pansof Kesocky, Py
e aad Vg, SMCRA peiiealy e, e
e remonL 1 1977, when SMERA wes peech eictop

Potion coed

{b) Crosssection aher mountantop hs been removed.

Figure 11,5 Removing coal by levelling a mountain. When cosl
s temoved from mouriais, the gcography of 8 region an change. The
o of & mounta above  coal seam i craped off s dumped ito the
‘cent vally, Next, thecosl s s removed. I anober seam s
Jower i he mounain, th proces i epested. Sirams e buried akes
ar cresid s descoyed, and lsgeamounts of sediment sz washed
Gowtrean s bate carth s cnodd. (Adapted from E. Reece, “Desth of
Mountain” Harper's Magacne, APl 2005).

technology for mountaintop removal could take out the 10p seam
of coal along a mountain ridge. Today, mountaintop removal takes.
out as many as 16 seams of coal, from the idge 10 the basc of the
mountain (Figure 115, In 2014,  federal appeals court upheld
carlier court decisions that allow the EPA 10 limi mountzintop.
removal because disposing of mountaintop waste rock in valleys
violatesthe Clean Water Act (the disposal bures sreams).

'ENVIRONMENTAL IMPACTS OF BURNING COAL

Burning coal can affect air and water qualiy, and impacts range
from local (.., sooty fallout) to global (limate change and ocean
acidifiaton). Buming cosl generally contibutes moreai pollt-
anis (inclding CO) than does burming cithe ol o natural gas (0
sencrat the same amount of useful energy, Coal ofin conains
‘mercury that is released into the atmosphere during combustion.
“This mercury moves readily from the amosphere {0 water and
land, where 1 accumulates and harms humans 35 wel a5 wild-
e, (See Chpter 19 for  discussion o the human healt hazards
of eleyated levels of mercury.) In the United States, coal-buming
cectic power plnis carrely prodce one-hin of allasborne
mereury cmisions.





