
Gifford Pinchot became the first chief of the United States 
Forest Service in 1905.  Like other Progressives, Pinchot 
worried about the costs of laissez faire, and he is usually 

remembered for his life-long advocacy of forest preservation.  But Pin-
chot’s concerns extended beyond forests to include, among other re-
sources, coal.  At then-current rates of consumption, he warned a public 
audience in 1907, “our supplies of anthracite coal will last but fifty years.”  
The next year President Theodore Roosevelt called a governors’ confer-
ence to discuss the conservation of natural resources.  The conference led 
to a subsequent National Conservation Commission.  Its three-volume 
report, issued in 1909, documented widespread, apparently needless, 
waste of forests, coal, oil, natural gas, and other resources, and warned 
that the nation might run out.1

Suddenly people saw the need for conservation everywhere.  Nor 
was interest limited to scientists, politicians, and scribblers.  It appears 
to be a natural human need to imagine you are doing good while do-
ing well and so businessmen and -women soon adopted the new cause 
as their own.  Wood preservers denounced a tariff on creosote as anti-
thetical to conservation.  For the International Railway Fuel Associa-
tion, founded in 1909, saving railroad coal was also doing a public good.  
The nascent work safety movement spoke of conserving workers’ lives.  
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one-half our coal, which is abso-
lutely indispensable for our present 
industrial life.

—Gifford Pinchot, 1908

Stripping methods [of mining 
coal] furnish complete conserva-
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—Eli Conner, 1911



2023 Mining History Journal52

Publicists for the railroads urged stricter penal-
ties for trespassing to conserve human life as well, 
while illuminating engineers explained that bet-
ter lighting conserved vision.  The “fundamental 
aim” of studying fatigue, efficiency experts Frank 
and Lillian Gilbreth explained, “is conserva-
tion.”  Scientific management, tractors, and ma-
chines all conserved labor in the workplace, while 
new household appliances conserved women’s 
strength.  Even the strip-mining of coal, which 
saved resources, labor, and lives, was seen as a form 
of conservation.2

While American strip mining of coal em-
ploying power equipment dated from the 1870s, 
it first became important at about the time of 
World War I, when it began to grow rapidly.  By 
1945, 18 percent of both anthracite (“hard”) coal 
and bituminous (“soft”) coal came from stripping 
(Figure 1). 

Historians of the Progressive Era’s conserva-
tion movement have largely ignored the coal in-
dustry.  Nor has there been much historical writ-
ing on strip mining.3  Yet worries over the wastes 
and long-term availability of coal and other fuels 

were central to conservation concerns during these 
years, and strip mining needs to be understood in 
this context, for it provided a market response to 
these worries.

Modern writers emphasize the environmental 
damages of present-day stripping, yet Progres-
sive environmentalists were not blind to its harm.  
Rather, they saw stripping as a conservation mea-
sure and viewed it as an acceptable tradeoff be-
tween different resources.  In addition, historians 
sometime contrast “preservation” and “wise use” 
as alternative environmental visions.  Yet strip-
mining coal, as will be seen, blurs this distinction.  
Finally, the rise of strip mining is important be-
cause it emerged just as the great energy transition 
from coal to oil and gas began to gather speed.  
One of its results—like fracking today—was to 
retard that transition a bit.  Writers on energy 
transitions have observed that it is often difficult 
to dislodge an existing system, and the strip min-
ing of coal provides an historically important case 
study.4

This paper begins with a brief review of Pro-
gressive Era worries over the wastes associated 

U. S. Bureau of Mines, Mineral Resources of the United States and 
Mineral Yearbook, various years.
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with coal production and consumption.  It dis-
tinguishes between popular and engineering defi-
nitions of waste and points out that the wastes 
contemporaries emphasized included not only 
coal but also the loss of life in mining.  The next 
section explains the sense in which stripping con-
served natural resources, and also briefly reviews 
early efforts to reduce its environmental damages.  
The following section discusses the technology 
and economics of early strip mining.  Section four 
discusses the evolution of stripping technology 
and traces the expansion of stripping from World 
War I through World War II, one result of which 
was surely to slow the transition to liquid fuels.  
The final section demonstrates that achieving safer 
working conditions that would conserve human 
life was also an important concern of early envi-
ronmentalists.  It compares labor in strip mining 
to that in underground work and demonstrates 
that strip mining conserved lives as well as coal.

Conserving Coal, Reducing Waste

In 1909 the National Conservation Com-
mission published estimates of American coal re-
serves and discussed the many ways in which coal 
was wasted.5  Its findings and conclusions were 
widely and respectfully discussed in both popu-
lar and technical publications.6  Joseph A. Hol-
mes gave its summary of mineral resources.  He 
had been head of the North Carolina Geological 
Survey and in 1905 moved to the United States 
Geological Survey, where he led the Technologi-
cal Branch.  There he supervised its studies of fuel 
research, and in about 1907 began investigations 
into the wastes involved in coal mining.7

Relying on data in a subsequent volume pro-
vided by two other U.S.G.S. scientists, Homes in-
formed readers that in bituminous coal mining, 
about one ton of coal was irretrievably lost for 
each ton actually mined.  In anthracite the wastes 
had once been even worse, but by then were some-
what less, with only about .4 tons lost for each ton 
produced.  The nation’s available soft coal supply 

could be exhausted by the year 2050, he informed 
readers, while, as Pinchot had warned earlier, the 
situation for anthracite might be even worse.8

It is important to emphasize that Holmes, 
Pinchot, and others differentiated between coal 
reserves and available coal reserves, for while they 
realized that reserves might be vast, easily available 
reserves were not.  Thus, in his public pronounce-
ments Pinchot had simply warned that we would 
run out of anthracite coal, but in the commission’s 
overall summary, to which his name was attached, 
he qualified this claim.  The “available and eas-
ily accessible [emphasis added] supplies of coal… 
[will,] at the present increasing rate of produc-
tion,… be so depleted as to approach exhaustion 
before the middle of the next century.”  Similarly, 
Charles Van Hise, the distinguished geologist and 
president of the University of Wisconsin, cited 
commission statistics suggesting that “available 
and accessible” coal would be gone by 2027.9 

These concerns with coal also reflected the 
belief that it had no good substitutes, for avail-
able natural gas and oil reserves were, everyone 
imagined, even more limited in supply, making 
coal conservation all the more important.  Rely-
ing on the work of David Day of the U.S.G.S. that 
formed part of the commission’s report, Pinchot 
concluded that oil “can not be expected to last be-
yond the middle of the present century.”  Natural 
gas was equally limited, and again relying on Day’s 
work, Holmes claimed that supplies from existing 
fields might last no more than another twenty-
five years.  Throughout the interwar years, these 
worries that oil and gas reserves were extremely 
limited reinforced the continuing need for coal 
conservation.10

While the wastes associated with burning 
coal were equally vast, “even more serious than the 
question of waste of materials,” Holmes claimed, 
“is the excessive loss of life in our mining and met-
allurgical operations.”  Holmes knew that he did 
not have to spell out the details of this “excessive 
loss of life.”  Two years earlier, just three explosions 
in December 1907 had made national headlines, 
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killing 635 men, while altogether 2,534 men died 
mining bituminous coal that year.  These failures 
of mining to conserve either coal or men provided 
yet another example to Progressives of the dangers 
of unfettered laissez faire.11  

Accordingly, Congress established the U.S. 
Bureau of Mines in 1910; its purposes were to 
“make mining in the United States less wasteful 
of life and resources.”  For Holmes, and doubt-
less for other scientists like him, these wastes were 
matters of ethics as well as efficiency.  There was 
“no right to waste that which is not needed for 
present use,” he thought.  “In a higher way, our 
mineral resources should be regarded as property 
to be used and to be held in trust with regard to 
both the present and future needs of the country.”  
Holmes went on become the bureau’s first direc-
tor where he would devote the remainder of his 
life to the reduction of these wastes.12

Waste, however, was not easy to define.  To 
the public, perhaps, and to politicians, waste was 
as simple as coal left in the ground, or unrecov-
ered byproducts, but to engineers, waste was syn-
onymous with inefficiency—unscientific mining 
practice—and so some of what the public termed 
“waste” often reflected economic decisions based 
on costs, prices, and technology.  Holmes had 
made this distinction earlier, in his presentation to 
the Conference of Governors in 1908.  “Unneces-
sary waste” meant coal lost from inefficiencies, 
and this clearly should be prevented.  “Necessary 
waste,” however, was coal lost because it was un-
economic to mine under current conditions.  The 
editor of Engineering and Mining Journal made 
the same point at about the same time, observing 
that “much apparent waste … is not waste at all.”  
Yet, over time, even “necessary” waste might be 
reduced due to improvements in technology or 
changes in prices.13

Geologists and mining engineers had long 
made this distinction, for the Conservation Com-
mission’s data were the outcome of decades of 
research on coal mining.  In the late 1870s, the 
Pennsylvania legislature had directed the state’s 

geological survey to report on the wastes of an-
thracite mining, which it did in 1881 and again 
in 1883.  A subsequent report appeared about a 
decade later.  

Franklin Platt wrote the 1881 report on an-
thracite mining practices.  In it he noted that 
while then-current practice left thin seams of 
coal, “without doubt [seams] as small as 15 inches 
will be worked here to a profit … after the larger 
ones have been exhausted as to make coal higher 
in price.”  He went on to note as well that while 
more coal might be mined if European methods 
(longwall mining) were employed, the combina-
tion of cheap coal and expensive labor precluded 
such changes.  Similarly, in 1883, H. Martyn 
Chance of the Pennsylvania Survey, observed that 
“only a few years since, coal[s] of the size now 
marketed as pea and even chestnut were discarded 
as refuse.” 14

Marius Campbell and Edward Parker, who 
assembled the Conservation Commission’s coal 
report, also acknowledged that much of the coal 
that had been “wasted” reflected “low selling pric-
es” that made its mining uneconomic.  At about 
the same time, Israel C. White, West Virginia’s 
state geologist, made the same point, noting that 
thin coal seams and dirty coal were “wasted” be-
cause they were too expensive to mine or lacked a 
ready market.  In 1911 the editors of Mines and 
Minerals assured readers that larger, better capi-
talized mines conducted with better “engineer-
ing ability” were already increasing the percent of 
coal recovered.  A decade later, the United States 
Coal Commission also noted that much of what 
was termed “waste” was a matter of economics.  
Whether waste was avoidable or unavoidable was 
“largely a question of cost …[and] granted a suf-
ficiently high price … there are very few … losses 
… that could not be overcome.”  Thus, as coal be-
came increasingly scarce and valuable and mining 
technology improved, market forces would ensure 
that such waste would begin to disappear.  In fact, 
conservation did not have to wait for increasing 
scarcity, for at about this time strip mining ap-
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peared.15

Strip Mining as Resource Conservation

There were and are several common types of 
strip mining.  The most widely employed during 
those years was area mining, which worked well 
in comparatively flat parts of the Middle West.  In 
this approach, the overburden might be blasted—
with either dynamite or black powder—if neces-
sary.  Typically, a large power shovel or dragline 
(or both) would then proceed across the coal, 

stripping the overburden and dumping it in a 
ridge in a previously worked area—either directly  
or  employing  a  conveyer  to  do  so  (Figure 2).  
Workers would then blast the exposed coal and 
hand load it directly into railroad cars headed to 
market without cleaning or sizing, although by 
World War I small steam shovels were replacing 
hand loading.  At the end of the seam or property, 
the process worked backwards, depositing the 
spoil in the previously mined area.16

Adam Smith reminds us that “it is not from 
the benevolence of the butcher … or the baker that 

Figure 2. Vertical view of a strip mine layout with work progressing from left to 
right; the dragline removes the top cover that it casts farther than the stripping 

shovel could.  Combined they can work deeper seams than could the shovel 
alone. Both shovels and dragline are working on previously exposed coal. 

(From USBM Information Circular 6957 (1937).)

Strip Mining Coal in America
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we expect our dinner but from … their self-inter-
est.”  Accordingly, for entrepreneurs, the great at-
traction of strip mining was its profitability.  But 
for others with broader interests, what made it 
a conservation measure was its ability to extract 
coal that underground methods could not mine 
and might irretrievably destroy.  Eli Conner was a 
mining engineer who claimed that his father had 
introduced steam shovel mining for anthracite 
in 1881.  In 1911, the son rehearsed the by-then 
standard indictment of America’s wasteful mining 
techniques, but pointed out that “stripping meth-
ods furnish complete conservation.”17

Stripping conserved coal in three ways. One 
was that the steam shovel allowed mining of coal 
too shallow for underground methods.  On the 
eve of World War I, Coal Age reported on strip-
ping operations in Pennsylvania, Ohio, and Kan-
sas where “the extraction of coal … could not be 
secured by any other means.”  A writer in 1920 
reported stripping where “the cover is so shallow 
and the roof ‘so rotten’” that underground mining 
was impossible.18

A second conservation advantage was that 
strippers could re-work fields previously mined 
via underground methods that had left coal either 
because it was too shallow or was needed for pil-
lars or roof.  In 1916, Coal Age reported on a large 
underground mine near Hazleton, Pennsylvania, 
that had been abandoned as worked-out, but 
which when re-worked by strippers was expected 
to yield “many thousands of tons of coal.”  In the 
1920s some anthracite strippers were mining the 
same bed for the third time; there had been an 
underground working and then a previous strip-
ping, but with better equipment a second striping 
extracted even more coal.  “Stripping Completes 
Recovery of Deep and Already-Mined Beds,” ran 
a 1929 headline in Coal Age.  In the late 1930s, 
Illinois stripping companies reported working 
much land in the southern part of the state, where 
underground mining had long since been aban-
doned as unsafe and unprofitable.  “As a natural 
resource conservation measure,” the strippers 

crowed, “coal stripping is the ideal.”  A variation 
on this theme was that because stripping cost less 
than underground work, strippers might re-work 
an old bed where underground mining had be-
come uneconomical.19

The third way that stripping conserved re-
sources was by recovering a larger fraction of the 
coal than was achievable by underground working 
because it did away with the need for roof support.  
In Illinois, in the late 1920s, underground mining 
got out almost precisely half of the coal; by con-
trast, stripping in that state at about the same time 
recovered 90 to 98 percent.  Such conservation 
concerns shaped views on stripping throughout 
these years.  As late as 1947 the Bureau of Mines 
was claiming that “strip mining … recovers more 
coal … than underground mining and therefore 
is an important factor in the conservation of this 
valuable natural resource.” Stripping, in sum, “cre-
ated” more available coal. 20

Yet if stripping created more available coal, 
in the process it “absolutely destroys the land for 
farming  purposes,”  a  writer  bluntly  asserted  in 
Coal Age in 1916.  Occasional dissenters, such 
as E. C. Drum, informed Coal Age’s readers in 
1917 that, “disturbance of the surface improves 
the land for agricultural purposes.”  A later writer 
noted that when stripping turned over the soil 
near Frontenac, Kansas, it replaced clay with shale 
thereby improving its fertility.21 

If such improvements were probably rare, nei-
ther was there much criticism of the effects of strip-
ping on the landscape during these years.  A 1916 
story in the Kansas City Star did report on the 
destruction of farmland occasioned by stripping 
in that state, noting that “twelve hundred acres of 
prairie and farm land [sic] has been turned upside 
down.”  Criticism of stripping, the paper pointed 
out, came from unions worried about job loss 
from more productive, lower-cost competitors, 
and from real estate dealers, bankers, merchants, 
and others who worried about property values.  
Thus, the critique was not environmental but eco-
nomic.  The paper also observed that the farmers 
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in question had sold the land that was otherwise 
worth $20 an acre for $500 to $1,200 an acre.  A 
search of Illinois and Indiana farm papers yields 
almost no criticism of stripping before World War 
II.  In the 1920s and 1930s, with much of agri-
culture in depression and farmland depreciating, 
farmers with coal underlying their lands could 
not afford the broader concerns that motivated 
more well-to-do, urban environmentalists in the 
post-war years.22

For many, then, strip mining offered an ac-
ceptable trade off.  Mining engineers pointed out 
that most stripping worked low-value land, and 
that the coal recovered was of far greater value 
than the farm production lost.  Market forces 
were, as they saw matters, generating an efficient 
result.  As one writer put it, this too was “real con-
servation,” for “the world needs to be warmed as 
well as fed.”23

All the same, many contemporaries wished to 
minimize the environmental costs of stripping.  
To mining companies, leveling the land was un-
thinkable as that would have essentially doubled 
excavation costs, but, as the Kansas City Star 
noted, some other form of economic reclamation 
was even then being talked about.  In the 1920s 
and 1930s a number of states saw efforts to regu-
late stripping and legislate reclamation, but little 
seems to have come of them.24

Beginning in the late 1920s, however, coal 
companies worried about such potential legisla-
tion began reforestation and other efforts to make 
strip-mined land again economically productive.  
By 1942, Illinois strippers had formed an asso-
ciation to take care of reclamation, and, work-
ing with state agencies, had reforested 7,250 of 
the roughly 16,000 acres that had been stripped, 
planting about seven million trees.  In Indiana, a 
strippers’ association planted about 3.4 million 
trees on reclaimed land from 1934 through 1938, 
and a similar efforts were underway in Ohio.  In 
Pennsylvania, market forces were moving under-
ground coal companies to begin reforestation be-
cause they had stripped local forests bare, using 

the wood for roof support.25 
In the late 1930s, the Bureau of Mines stud-

ied reclamation in Illinois, Indiana, Kansas, and 
Missouri and was cautiously optimistic.  It found 
stripped land that had lain idle for several decades 
where natural vegetation had come back strong-
ly, and in one instance was growing trees twelve 
to twenty-four inches in diameter.  Some of the 
land was being leased for hunting and—because 
the last cut of a strip usually filled with water—
fishing.  Some land had become a state park.  The 
bureau was skeptical that reclamation for farming 
would pay, but it reported successful reforesta-
tion efforts in all of the states that it studied.  The 
early post-war years generated much research into 
these early efforts that found considerable success 
in reclamation for ranching as well as forestry.26

Beginnings: Technology and Economics

Stripping possessed certain inherent advan-
tages over underground work.  Most obviously, 
there was no need to support a roof, and thus no 
need for the vast amounts of timber consumed 
by underground operations.  Strip mining, that 
is, conserved forests.  In stripping there was also 
no need for ventilation.  Machinery, including 
mine cars and locomotives, could be much larg-
er as well.  Companies could open a strip mine 
comparatively quickly, and, because much of the 
capital investment was in equipment and there-
fore mobile, the mine had a higher salvage value 
than investment in an underground mine, much 
of which consisted of tunnels and timbering.  
Finally, stripping saved labor and was much less 
dangerous than underground work.27

While power strip-mining for coal dated 
from as early as the 1870s, it seems to have been 
unimportant until the first decade of the twenti-
eth century.  The keys to its expansion lay in the 
interaction of geology, technology, and econom-
ics.  Given technology and the price of coal, there 
is some maximum amount of overburden that 
can be removed per foot of coal seam that will al-
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low a company to turn a profit.  The size of this 
maximum overburden will, in turn, increase with 
the price of coal and the productivity of stripping 
equipment.

For example, using the formula below, sup-
pose that coal is selling for $2.00 per ton.  Mining 
costs are $0.75 per ton, the target profit is $0.25 
per ton, and the cost of removing a yard of over-
burden is $0.20.  The maximum ratio of overbur-

1930 it had risen to 7.6, and more in some states 
where coal prices were higher.  At about that time 
one writer in Coal Age thought the bureau’s esti-
mates were conservative, claiming that even with 
average prices, better technology had raised the 
economical stripping ratio to 15:1.30

The first really successful stripping shovel did 
not arrive until 1911, when a mining operation 
approached the Marion Steam Shovel Company 
with a proposal for a heavier, self-propelled, re-
volving shovel with longer range.  Marion re-
sponded with the Model 250 with a 65-foot 
boom, a 40-foot dipper stick, and a 3.5 cubic yard 
bucket (Figures 5).  It was fully revolving and had 
a hydraulic leveling system.  Bucyrus followed the 
next year with similar equipment, and their rivalry 
and close association with buyers would spur rap-
id technological change in stripping equipment 
from then on.  A Marion catalog explained how 
closely that company worked with buyers.  “The 
builder is seldom called upon to exactly duplicate 
a former machine,” it noted, and stressed that “our 
engineering department is at all times available 
for the adaptation of our machinery to special 
requirements.”  This close association resulted in 
intimate knowledge of buyers’ needs and, com-
bined with competitive rivalry, it resulted in rapid 
technological advance.31

The first electric shovels appeared in 1915, 
and they grew rapidly in size; the largest at that 
time sported eighty-foot booms and eight-cubic-
yard buckets.  The bureau first took official note 
of what it termed “steam shovel mining” in 1914,  
doing a partial survey.  A more complete survey 
in 1915 found such operations digging soft coal 
in Alabama, Illinois, Indiana, Kansas, Missouri, 
Ohio, and Oklahoma, with a collective total of 
eighty-seven shovels and 2,300  workers produc-
ing 2.8 million tons of coal—about 0.6 percent of 
that year’s total.32

Like most new technologies, early stripping 
had a number of teething problems.  Some strip 
mines had no tipple and so uncleaned coal was 
simply loaded into freight cars to be sold.   Not 

den per yard of coal that it will pay to remove is 
five, or, for a five-foot bed of coal, twenty-five feet 
of overburden.28

Nineteenth century stripping equipment was 
simply not sufficiently large and efficient to make 
very much stripping economical.  That is, with ex-
cavation costs per yard high (and coal cheap), the 
ratio of overburden to coal was necessarily low.  
When stripping began in the 1880s the economic 
ratio of overburden to coal was about 1:1, hence 
little coal could be stripped.  

Early power equipment included dredges, 
drags, and most often, shovels.  These latter were 
small by later standards: the first employed in an-
thracite stripping had a 1.75-cubic-yard bucket.  
They were made at least partly of wood and were 
often not sturdy enough for stripping (Figure 3).  
All early equipment was steam powered, which 
required a coal and water supply and a fireman.  
Early railroad shovels ran on tracks and could not 
revolve a full 360°, both of which slowed produc-
tion and raised costs (Figure 4).  Such equipment 
could only mine shallow coal, and beds close to 
the surface are likely to be of poorer quality, weath-
ered and with reduced energy content.  Heavier 
equipment could extract deeper coal and deeper 
coal meant better coal.29

In the early twentieth century, stripping tech-
nology improved rapidly and dramatically.  In 
1914, the Bureau of Mines reported that the aver-
age ratio of overburden to coal was about 6.  In 
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Figure 3. This homemade stripper of 1886 was made mostly of wood and was a 
converted dredge mounted on wheels that required a block and tackle to move. 

It stripped ten to fifteen feet of cover to expose a six-foot seam of coal. 
(From USBM Bulletin 289 (1929).)

Figure 4. A steam-powered railroad shovel demonstrating almost its maximum ability to rotate.  
By the 1920s, these were fast being replaced by fully rotating, electric, and later diesel-powered, 

shovels operating on caterpillar tread. (From The Bucyrus Company (1910).) 
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surprisingly, in the early years stripped coal often 
sold at a discount from that mined underground.  
In 1920 Coal Age noted that poor quality was giv-
ing stripping a bad name.  The bureau also point-
ed out another difficulty plaguing early stripping: 
whereas underground mines operated an average 
of 238 days in 1914, the strippers averaged only 
187 days—a result of equipment failures and bad 
weather, for strip pits had a propensity to flood.33  

Despite such problems, stripping retained an 
enormous productivity advantage compared to 
its underground rivals.  For soft coal, output per 
worker-day in 1915, was 3.9 tons in underground 
work versus 5.9 tons in stripping, a 50 percent ad-
vantage.  Stripping, that is, saved labor as well as 
coal—an edge that the labor shortages of World 

War I would soon emphasize.  As the bureau put 
it: “a smaller number of men is required for a giv-
en output in this method of mining.”34

From War through War:
Stripping Spreads

Figure 1 (p. 52) and Table 1 help provide an 
overview of the rapid expansion of bituminous 
stripping during the years including the world 
wars.  From beginnings in six midwestern states 
with 87 shovels at work in 1915, coal stripping 
had spread to twenty-five states and used over 
2,400 shovels by 1945.  During these years, pro-
duction spread from the Middle West east into 
Pennsylvania, Kentucky, and West Virginia and 

Figure 5. The world’s largest steam shovel in 1913.  The Marion Model 250 was fully rotating, 
weighed 525,000 pounds, had a ninety-foot boom and a five-cubic-yard bucket. For scale, compare 

the men to the side of it. Note that it travels on track. Within a decade, the next generations of shovels 
would make it seem tiny.  (From Coal Age, 4 Jan. 1913.)
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west to Montana, South Dakota, and other states.  
Productivity rose from not quite six tons per 
worker-day in 1915 to over fifteen by 1945.  Out-
put over that period rose twenty-seven times, an 
annual rate of not quite 16 percent per year. 

Stripping thus evolved from a technique that 
might mine coal unavailable with underground 
methods to an approach that was economically 
preferable under an ever-widening range of cir-
cumstances.  Accordingly, the market share of 
stripping for both hard and soft coal reached 18 
percent by the end of World War II and contin-
ued to expand, reaching 41 percent for anthracite 
and 55 percent for bituminous mining by 1975.  
By 2020 stripping’s market share had risen to 62 
percent.

World War I kicked off this expansion by gen-
erating an immense demand for coal.  The mine 
price of bituminous coal, which had been $1.13 
per ton in 1915, hit $3.75 per ton in 1920, while 
anthracite prices went from $2.07 to $4.05 over the 
same period, with widespread shortages of both 
coals as well.  As the Bureau of Mines observed, 
the spread of stripping reflected “the dispatch 
with which a property suitable for this method of 
mining can be opened up and equipped for large 
scale production.”  At a time of severe labor short-
age, stripping’s conservation of labor also made it 
attractive.  Accordingly, stripping’s output share 

of both hard and soft coal roughly doubled 
during World War I.35 

Some contemporaries thought that the 
wartime growth of stripping was an aberration 
that would quickly die in more normal times.  
Indeed, production of both underground and 
strip-mined coal fell sharply in 1921.  There-
after however, they parted company.  Alter-
native sources of energy and power—oil, gas, 
hydroelectricity—began to chip away at the 
markets for both hard and soft coal, while ma-
jor customers such as railroads, coke produc-
ers, and electric utilities also sharply increased 
their energy efficiency.  As a result, aggregate 
sales of anthracite fell steadily after 1917, while 

bituminous coal production peaked in 1918 and 
stagnated thereafter.

Of course, the new competition came at the 
expense of high-cost coal producers, which were 
the underground workings. The number of under-
ground soft coal mines declined by nearly 2,500 
between 1919 and 1939.  Strip mine production, 
by contrast, recovered quickly, as companies made 
investments and rapidly improved technologies 
and operating methods that steadily enhanced 
stripping’s competitive position.36

The trend toward giantism in shovels and dra-
glines continued.  Stripping shovel capacity and 
efficiency grew steadily; by the early 1920s, five- 
to eight-cubic-yard buckets with 85- to 90-foot 
booms were common.  By the end of the decade 
buckets that held twelve to fifteen cubic yards 
on 120-foot booms had appeared (Figure 6).  By 
1940 there were 35-cubic-yard stripping shovels, 
and some mines employed seven- to ten-cubic-
yard loading shovels.  Very large drag lines also 
appeared.  By World War II some had 215-foot 
booms and fourteen-cubic-yard buckets, some-
times employed in concert with power shovels 
(Figure 7), and sometimes as substitutes.   Drag 
lines could move spoil longer distances and thus 
allow economical mining of deeper coal.  By 1945, 
draglines were mining deeply pitching seams of 
anthracite down to four hundred feet.37
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Figure 6. A twelve-cubic-yard bucket circa 
1929. It dwarfed the shovels of a decade earlier 

and would in turn be dwarfed by the thirty-
five-cubic-yard buckets of 1940. 

(From USBM Bulletin 289 (1929).)

Figure 7: A dragline with a fourteen-foot bucket 
stripping overburden at Maumee collieries in 

Indiana in 1941. By World War II such equip-
ment came with 215-foot booms allowing the 
mining of thin coal under heavy cover. (From 
William Rittase, courtesy of PDNB Gallery.)
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Digging equipment became more sophisti-
cated as well.  In the 1920s revolving shovels sup-
planted older types.  Caterpillar traction first ap-
peared on smaller coal loaders in the early 1920s, 
and by the end of the decade it had become com-
mon on the largest stripping shovels.  As commer-
cial electric power spread in the 1920s, electric 
operation gradually replaced steam, accounting 
for 35 percent of all shovels by 1931 (Figure 8).  
Electric shovels could swing faster than steam 
and experienced far less expensive downtime; 
one company kept them operational 90 percent 
of the time versus 68 percent for steam.  In ad-
dition, electric operation required three operators  
while steam required five.  Use of aluminum and 

alloy steel in buckets and booms arrived in the 
mid-1930s and since their lighter weight allowed 
bigger loads, companies switched out ten-yard for 
twelve- to fifteen-yard buckets.  Walking draglines 
that generated less over pressure than caterpillar 
tread appeared in the 1930s.  These had “feet” that 
could be pulled up to slide back and forth on the 
dragline frame.  To “walk” the machine backwards, 
the operator moved the feet backwards, extended 
them to bear the weight, and then slid the machine 
back on the feet.  In the 1940s, bucket-wheel ex-
cavators appeared that could rapidly remove cover 
that was not too compacted.  About 1940, shovels 
with knee action booms that increased range also 
appeared.  Photoelectric leveling of equipment ar-

Figure 8. An electric-powered stripping shovel on caterpillar tread with a six- or eight-cubic-yard 
bucket and a loading shovel in Illinois about 1925. The shift from steam to electricity sharply 

increased productivity. Both shovels are operating on the exposed coal; the spoil bank is to the left 
and stripping is proceeding right to left.  (From Illinois Geological Survey Cooperative Mining 

Series Bulletin 28 (1925).)
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rived in the 1940s, as did more sophisticated con-
trols that speeded up movement.38

The late 1920s saw the beginning of a revo-
lution in haulage as well, as trucks began to sup-
plant railroads.  Rail haulage was especially expen-
sive where coal beds were thin, for track needed to 
be moved often (one company designed steel ties 
with ski-tip ends for ease of dragging).  Compa-
nies switching to truck haulage reported cutting 
costs as much as 50 percent.  In 1938 one Indiana 
mine reported trucking reduced its costs of haul-
ing coal from sixteen to seven cents a ton.  Trucks 
were more flexible as well; they could climb 
steeper grades and navigate sharper curves.  Ini-
tially they burned gasoline or butane, but by the 
1940s diesel engines that burned cheaper fuel and 
required less maintenance were in the ascendance.  
In haulage as in digging, equipment size steadily 
rose.  In 1932 one company began haulage with 
trucks of six-ton capacity; by 1939 their capacity 
had risen to eighty tons.39

The speed of technical change in stripping 
encouraged companies to bet on it as well.  In 
1938, Coal Age reported on an Indiana mine that 
designed a shovel with a reinforced structure to 
accept a longer boom that would later be needed 
to mine deeper coal.  Anthracite strippers also 
planned for stripping operations deeper than was 
then economical on the assumption that they 
soon would be.40

The increasing size of equipment also re-
shaped stripping in complex ways.  By the 1930s, 
stripping was far more capital intensive than un-
derground work, requiring $380 of machinery 
and equipment and 26 horsepower per worker 
versus $63 and 8.5 horsepower per worker for 
deep mining.  This equipment allowed economi-
cal stripping of increasingly heavy cover, and by 
the late 1930s some pits removed seventeen to 
twenty yards of spoil per yard of coal.  Companies 
learned to combine use of draglines and strippers 
in ways that minimized the costs of cover remov-
al; some of them also employed double stripping 
of two separate seams, thereby increasing recov-

ery.  The expense of the giant shovels also led to 
their operation two or even three shifts a day.  
Mines employed time and motion studies to cal-
culate stresses on shovel components and ways to 
increase swing efficiency.  One company estimat-
ed that, with coal selling for $2.50 per ton, every 
swing the shovel failed to make cost the company 
$2.50 in lost revenue.41 

Economic and technical pressures reinforced 
the need for improved drainage and led to other 
changes that reduced the impact of bad weather 
on operations.  By the late 1920s, strip pits op-
erated about as many days as did underground 
mines.  Strippers also improved product quality.  
After removing top cover, companies began to 
use tractors and power sweeps to remove dirt that 
remained, and by the late 1920s most companies 
shipped stripped coal to a tipple to be cleaned of 
debris and sized.  Here again, large shovels shaped 
incentives.  By increasing the amount of coal that 
could be economically mined from a pit, and 
thereby extending the life of the mine, they re-
duced the annual fixed costs of a tipple, thus mak-
ing cleaning and sizing more economical.  By the 
late 1920s, coal washing was beginning to spread 
and the ability to clean small coal increased its 
value, thereby widening its market and encourag-
ing its conservation.42 

New methods also appeared for drilling and 
blasting.  Liquid oxygen (LOX) could not be used 
in underground work because, as a long-flame 
explosive, it might ignite dust or gas, but in the 
1920s, strippers began to substitute it for dyna-
mite for blasting overburden, as it was safer to 
use and cheaper as well.  One mine reported that 
shifting from dynamite to LOX cut blasting costs 
from thirty to fifteen cents per ton of coal.  In the 
1930s rotary drills—a technology borrowed from 
oil fields—appeared, and these were faster and 
thus cheaper than older, churn-style drills.  Com-
panies increased hole size from four to as much as 
nine inches in diameter, using more explosive but 
less labor, and they learned to “deck load” charges, 
placing differing quantities of explosives at differ-
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ent spots depending on the nature of the overbur-
den.43  Horizontal drilling also appeared in the 
1930s and, where applicable, it proved superior to 
vertical drilling.44

Some small coal beds could not be economi-
cally mined with large, specialized equipment, 
and in the late 1930s construction companies 
with equipment idled by the Depression moved 
into stripping.  They employed smaller shovels 
and draglines, as well as off-the-shelf bulldozers, 
tractors, and scrapers on such beds in both hard 
and soft coal fields.  While these operations might 
be comparatively high cost, lighter cover, better 
coal, or market access might provide an offset.  
The wartime boom after 1940 resulted in an ex-
plosion of small operations as it shut off civilian 
construction and idled many contractors.  These 
small strips did little prospecting, as they often 
mined outcrop coal too close to the surface for 
underground work, and many sub-contracted 
haulage, blasting, or coal preparation.  As a result, 
they could open rapidly—one company began 
operation in three months.  These developments 
also moved stripping into eastern Ohio, western 
Pennsylvania, Kentucky, and West Virginia.  Be-
tween 1940 and 1945, the number of strip pits in 
Pennsylvania rose from 107 to 542.45

The expansion and evolution of stripping dur-
ing these decades had several important conse-
quences.  While it maintained a wide productivity 
advantage over underground work, labor produc-
tivity in stripping stagnated in the 1930s (Table 1) 
and then fell as the new technology mined deeper 
seams and as smaller contactors entered the field.  
Still, stripping retained a cost advantage, and in a 
stagnant coal market its gains came partly at the 
expense of the underground industry.  In 1930 the 
Washburn lignite mine in North Dakota that had 
been worked underground for decades converted 
to stripping, probably because it was able to cut 
the workforce from over 270 to 70 employees.  
And as noted, many underground mines simply 
closed.46  

Yet in bituminous mining, at least, stripping 

also helped protect coal markets that might oth-
erwise have been lost to oil, thereby delaying that 
energy transition.  For example, when stripping of 
Texas lignite began in the mid-1920s, local coal 
prices collapsed, and power plants that had previ-
ously switched from coal to oil promptly switched 
back to lignite.  And when the Northern Pacific 
Railroad discovered vast amounts of lignite on its 
North Dakota properties in 1923, it immediately 
began stripping and converted its locomotives 
from oil to coal.47

Stripping also continued to make available 
coal that would otherwise have been lost.  Writ-
ing in 1930, the Bureau of Mines observed that 
“today many million tons of coal are being recov-
ered by open cuts from sites that an earlier genera-
tion … would have passed by as not commercially 
viable or if workable at all, only by underground 
methods.”  This conclusion remained valid at 
least through the war years.  Smaller contractors 
stripped coal close to the surface, while reworking 
older beds remained common.  In 1944 Coal Age 
reported on a large strip mine where 73 percent of 
the coal could not be recovered by underground 
methods.  Of the coal that might have been mined 
with underground techniques, stripping gener-
ated a 30 percent higher yield.  And as stripping 
won more coal, it paid with fewer lives as well.

Stripping Coal, Conserving Lives

Some modern writers have distinguished the 
conservation movement of the Progressive era 
from the broader post-World War II environmen-
tal concerns.  Samuel Hays argues that conserva-
tion, to Progressives, meant wise resource use and 
was largely a technical and economic matter.  By 
contrast, in Hays’ evocative phrase, environmen-
talism concerned “beauty, health, and perma-
nence,” an evolution reflecting rising standards of 
living.48

Yet, as a number of writers have emphasized, 
this distinction can be overdone.  There was a 
strong ethical component to the condemnation 
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and haulage could be made safer, while there was 
less risk of silicosis and black lung disease.  

These dangers were inherent to underground 
work, but bad technique exacerbated these prob-
lems.  Thus, skimping on roof support wasted 
both coal and lives, while sparking electrical 
equipment was a prolific source of gas and dust 
explosions.  “For speed and safety … the stripping 
method is ideal,” a writer in Coal Age informed 
readers in 1916.  The next year H. H. Stoek, pro-
fessor of mining engineering at the University of 
Illinois, made the same point, noting that “from 
the standpoint of safety … strip mining is always 
to be preferred.”  This theme continued through-
out the 1920s.  In 1926 it seemed self-evident to 
Frank Kneeland, editor of Coal Age, that stripping 
was the “safest form” of mining, and in 1928 the 

of waste, while conservationists were not blind 
to the health and safety problems of their day.  
The National Conservation Commission’s 1909 
report, for example, included a long section by 
economist Irving Fisher on “national vitality,” 
that focused on life expectancy, illnesses, and 
public health, as well as eugenics.  A related docu-
ment expressed concern over diet and “poisons in 
ordinary use,” such as alcohol and tobacco, as well 
as “the pollution of the air breathed by workmen.”  
And, while modern writers have noted these early 
health concerns, they have mostly ignored that 
industrial accidents too were a focus of conserva-
tionists.  Fisher’s report claimed that a half mil-
lion workers a year were “killed or crippled,” and 
in 1912 he repeated these claims in a memorial 
presented to Congress supporting broader powers 
for the Bureau of Public Health.49 

The early proceedings of the National Safety 
Council are full of references to work safety as 
an aspect of conservation.  Indeed, the council’s 
constitution originally asserted that its purpose 
was “to promote the conservation of human life  
… in the industries of the nation.”  Charles Van 
Hise stressed “the conservation of man himself ” 
in his authoritative Conservation of Natural Re-
sources, and he too noted the toll taken by work 
accidents.  As noted earlier, mining accidents 
were then of special concern and the formation 
of the Bureau of Mines in 1910 was intended 
not only to investigate ways to conserve coal but 
also—and perhaps especially—ways to improve 
mine safety.50

Early twentieth century mining literature 
contains many references to the safety of strip 
mining compared to its underground cousin.  
Contemporaries believed that stripping was 
inherently safer, having more in common with 
heavy construction than underground mining.  
Surface mining had no roof to collapse—a dan-
ger that typically accounted for half of all fa-
talities in underground mining.  Surface gas and 
dust explosions were unheard of, and without 
the problems of confined spaces, electricity 

U. S. Bureau of Mines, Coal Mine Accidents in the 
United States, various years and titles.
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Bureau of Mines simply observed that “accidents 
and fatalities are low.”51

The U.S. Bureau of Mines first collected data 
on strip mining fatalities in 1930, and it confirmed 
what contemporaries had long asserted: stripping 
was a far safer way to mine both bituminous coal 
and anthracite (Table 2).  Stripping bituminous 
coal was hardly risk-free—its 1930 fatality rate ex-
ceeded that of railroading or steel manufacturing.  
Still, the dangers of stripping paled compared to 
those of underground mining.  Over the period 
from 1930 to 1945, workers’ risks in bituminous 
coal mining averaged 0.84 fatalities per million 
employee hours in stripping versus 1.45 in under-
ground work, making the latter about 73 percent 
more dangerous.  Similarly, underground work in 
hard coal mining was about 78 percent more dan-
gerous than work in stripping.52

While fatalities per worker-hour measures 
the risk of death to employees, fatalities relative to 
coal production captures some of the human costs 
of producing this form of energy.  Using this mea-
sure, as Table 2 also reveals, stripping’s advantage 
in mining bituminous coal was even more impres-
sive.  Again, over the whole period, 2.63 fatalities 
occurred per million tons of soft coal mined un-
derground, while in stripping the rate was 0.44, 
about one-sixth as high.  Anthracite stripping was 
about one-fifth as expensive of life as was under-
ground work.  Two reasons existed for such strik-
ing disparities in fatalities per ton: not only were 
risks per worker lower in stripping, that method 
also required far fewer workers to mine a given 
quantity of coal.

Detailed figures on injuries begin in 1936.  
These included those that were temporary, as 
well as permanent partial injuries that reflected 
the loss of a finger or a leg or an eye, and perma-
nent total injuries, such as double amputations 
or total blindness.  For both forms of permanent 
injuries, the relative risks of stripping and under-
ground work from 1936-1945 are similar to those 
for fatalities.  The average rate for all permanent 
disabilities in underground mining was twice as 

high as in stripping: 2.13 versus 1.04 per million 
employee hours.  Relative to coal production, un-
derground mining was nearly seven times more 
productive of permanent injuries: 3.76 versus 
0.55 per million tons.53

We can illustrate the safety payoff from strip-
ping by constructing the following counterfac-
tual:  Suppose that the coal stripped each year 
had instead come from underground mines with 
their associated higher fatality rates per ton.  This 
increase—presented for bituminous coal in Ta-
ble 3—represents the fatalities avoided because 
the coal instead came from stripping.  As can be 
seen, had stripped coal instead come from under-
ground mines at existing fatality rates per ton, 
about 1,400 more miners would have been killed 
from 1930 to 1945.  Such calculations for anthra-
cite (not shown) indicate that, had it all come 
from underground work, an additional 370 min-
ers would have died over the same period.  Similar 
reasoning indicates that many more permanent 
injuries would have occurred had all coal come 
from underground work—1,630 more in soft coal 
and 113 more in anthracite mining from 1936 to 
1945.  Stripping, in short, traded land for lives.

Progressive Conservation

An underappreciated concern of the Progres-
sive conservation movement was the need to hus-
band coal.  Running out, experts worried, might 
occur within a century, while oil and gas reserves 
had an even shorter life expectancy.  Conserva-
tion of human life, including the prevention of 
what appeared to be needless work injuries and 
fatalities, was also a serious public concern.  Pro-
gressives such as Gifford Pinchot, Joseph Holmes, 
and Charles Van Hise publicized what they saw as 
the profligacy with which Americans wasted coal 
and lives.  A new branch of the national govern-
ment—the U.S. Bureau of Mines—was created to 
help prevent the waste of both resources.

What most Progressives and subsequent his-
torians have overlooked, however, is the ways that 

Strip Mining Coal in America



2023 Mining History Journal68

market forces supported these conservation mea-
sures by propelling the rise of strip mining.  On the 
eve of World War I, the arrival of large-scale exca-
vation equipment made stripping coal relatively 
profitable for an increasing range of deposits.  As 
contemporaries stressed, stripping extracted coal 
that would otherwise be lost or obtained only by 
far more expensive methods.  At a time when the 
availability and expense of coal was of national 
concern, this was a powerful advantage, and if 
such benefits came at the cost of stripped land, 
that seemed an acceptable exchange.  Because of 
its low costs, stripping also protected some coal 
markets from the incursions of oil and gas.  Strip-
ping’s other great benefit—that it saved lives—

was less well understood, both because it was a 
comparatively new technology, and because of 
the absence of data until the 1930s.  Yet stripping 
surely constituted a major and largely overlooked 
innovation in the technology of mine safety that 
probably saved thousands of lives.
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