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Injuries and illnesses among
bituminous and lignite coal miners

Data indicate that surface mining is safer
than underground mining, the preponderant injury

categories are sprain, Contusion,
cut, and fracture; the preponderant

illness category is ‘dust diseases of the lungs’

oal is one of the most important sources

of energy in the United States, accounting

for 33 percent of total domestic energy
production.! But the future of coal as a leading
source of energy is in doubt because of its high
sulfur content and contribution to acid rain.? Nev-
ertheless, for now and at least for the next gen-
eration, coal is likely to be an important source of
energy production in the United States.?

As debate continues over the use of coal,
policymakers would benefit from detailed infor-
mation on the frequency and nature of injuries and
illnesses incurred by workers mining coal. This
article describes mining processes associated with
the coal industry and, more specifically, the fac-
tors associated with injury and illness in the bitu-
minous and lignite coal industry.* Bituminous
coal is a mineral coal that bums with a smoky, yel-
low flame, and lignite is a low-grade, brownish-
black coal. This article briefly describes the his-
tory and work processes in coal mining, provides
information about injuries and illnesses among
coal miners, and offers some concluding observa-
tions and comments.

The industry at a glance

Coal has been mined commercially in the United
States since colonial times, but it was not until the
mid-19th century that the demand for coal began
to escalate, increasing at a rate of nearly 11 percent

annually.? Industrialization, particularly the devel-
opment of the railroads, provided the impetus for
demand, while at the same time woodlands on the
Atlantic coast were being depleted.* By 18940, coal
had emerged as one of the most important sources
of domestic energy consumption and remained as
such until the late 1940’s, when competition from
cheap oil in the Middle East diminished coal’s
relative importance.’

Electric utilities have emerged as the most im-
portant consumer of coal during the last 40 years.
During the 1940’s, utilities consumed an average
of about 16 percent of domestic coal production
and, by 1990, that proportion increased sharply to
86 percent.? In the next 20 vears at least, utilities
are expected to continue as the Nation’s major
consumer of coal.’

Several factors account for the emergence of
utilities as the most important costomer of coal.
First, utilities, with their own supply of coal, used
that supply to obtain bargaining leverage in nego-
tiations with other coal suppliers.'” Second, the
expectation that oil prices would continue to rise
during the 197(0's prompted many utilities to se-
cure their own long-term coal supplies." Third,
utilities purchased coal companies as a defensive
strategy against what was perceived as a growing
monopolization of the coal industry by the oil con-
glomerates.?

The increasing consumption of coal by utilities
is one factor contributing to the dramatic decline in
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the number of mines that produce fewer than
50,000 tons of coal per year. In 1970, 4,006 such
mines accounted for 72 percent of the total mines
in the United States and 10 percent of total U.S,
production; by 1988, 1,112 such mines accounted
for 39 percent of total mines and 3 percent of total
U.S. production.” One explanation for this de-
cline is that utilities require a supply commitment
of several years that many of the smaller mines
cannot guarantee.'*

Therefore, at least for the immediate future, the
fortunes of the U.S. coal industry will depend
largely on which fuel utilities primarily choose.'
The mandates of the 1990 Clean Air Act, which
substantially curbs the emissions of sulfur diox-
ide, and concerns related to global warming and
the role that the carben content of coal plays in that
concern, will influence this choice.

The sulfur content of coal varies widely among
geographic regions.”® As a general rule, however,
western coal is lower in sulfur content than Appa-
lachian or midwestern coal. The West contains 86
percent of U.S. low-sulfur coal reserves, while
Appalachia contains 13 percent, and the Midwest
contains 1 percent, indicating that the West will
continue to grow in relative importance as a coal-
producing region."”

Coal is mined from the surface or underground.
In 1990, coal from surface mines accounted for 59
percent of total U.S. coal production.'® During the
last 40 years, a greater percentage of U.S. coal has
been mined from the surface. Three reasons ac-
count for this development. One, the machinery
used in surface mining has more alternative uses,
primarily in excavation and road construction,
than machinery used in underground mining,
which reduces the cost of exit for operators."”
Two, the coal best suited for use by utilities is
steam coal, which is found close to the surface.®
Three, average surface productivity (measured in
short tons per miner per shift) is approximately
double that of underground productivity. And re-
gional differences are even more pronounced: for
example, surface coal productivity in the West is
about five times that in Appalachia. Surface min-
ing tends to be more productive because the coal is
closer to the surface and is easier to mine (espe-
cially evident in the West) and because surface
mines employ fewer workers—about 25 per-
cent—than underground mines due to technologi-
cal requirements.

Mining processes

Underground and surface mining use different
methods to process coal and thus have different
hazards facing the miner. Following is a discus-
sion of the processing methods and attendant
hazards.
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Underground mining. The two methods of min-
ing coal underground are the room and pillar,
which accounts for 70 percent of the total coal
mined underground in the United States, and the
long wall, which accounts for 29 percent.?!

In the room and pillar method, a series of un-
derground rooms is constructed, and as the coal is
extracted from the room the miners leave pillars to
support the roof. The two major techniques of this
method are the conventional approach, which ac-
counted for 7 percent of the total coal mined un-
derground in 1990, and the continuous approach,
which accounted for 63 percent.”

In conventional mining, a machine undercuts
the coal face and then a second machine drills
holes into the face. Explosives are placed in the
holes and the loose coal will fall based on the un-
dercuts made. A mechanical device scoops up the
loose coal and transports it outside the mine. Fi-
nally, the roof is supported, allowing the proce-
dure to begin again,®

Continuous mining, by far the most frequently
used room and pillar method, consolidates the first
four steps of conventional mining into one opera-
tion. A continuous mining machine scoops out the
coal from the face. A loading machine transfers

Table 1. Occupational injury and
iliness rates for the
bituminous coal industry and
all private industry, United

States, 1989-90

Incidence rates per 100
full-time workers'
Total
Industry and year injury Lost Lost
and | workday o
flliness | cases workdays?
cases
Private industry:
1989............ 86 4.0 78.7
1980............ 8.8 4.1 84.0
Bituminous coal
mining:
1989............ 11.8 8.3 253.0
1990............ 10.8 8.2 140.9

' For method of calculation, see footnote 38 to text.

? Lost workdays consist of days away from work and
days of restricted acitivity, Unlike Mine Safety and Health
Administration measures, the Bureau of Labor Stafistics
does not include “time charges™ t¢ estimate lost worktime
for fatalities and permanent injuries. Thus, BLs estimates
primarily relate to days lost or restricted in the year of the
incident.

Note: The lost workdays rates for bituminous coal
mining differ slightly from those published for all coal
mining (including bituminous and anthracite coal) in 1989
(254.8) and in 1990 {141.7). The case rates for bituminous
coal and all coal mining are identical for those years.

Source:  Occupational Injuries and llinesses in the
United States, by Industy, 1990, Bulletin 2399 (Bureau of
Labor Statistics, 1992).




the coal to a conveyor belt that transports the coal
outside. Finally, the roof is secured, enabling the
continuous mining machine to advance,

The longwall method of underground mining
uses a longwall machine to shear off long slices of
coal from the face. The coal falls into a conveyer
belt that transports it outside. As the longwall ma-
chine advances, the roof behind it is allowed to
collapse. This decreases the geological stress in
areas still to be mined, thus reducing the chances
of a roof collapse later.* The longwall machine
has built-in roof supports to protect the miner as it
advances.

Several hazards confront miners who use either
the room and pillar or the longwall method. The
ever-present danger of an inadvertent roof col-
lapse is one hazard. As coal is mined, the over-
lying rock strata is exposed and must be supported
before mining continues. The task of supporting
the roof (by a roof bolter) is one of the more dan-
gerous jobs in underground mines; but even after
the roof is supported, the danger of a roof fall re-
mains.

Another hazard of underground mining is the
noise generated by the machinery. The conven-
tional and continuous methods generate noise lev-
els of more than 105 decibels, which can create
hearing impairment if the worker is exposed over
time.? Such noise also is a safety hazard because it
prevenis the miner from hearing shifts of the
roof—often a harbinger of a roof fall.?

A third hazard is methane gas, which is color-
less, odorless, and can be ignited in concentrations
of 3 percent to 15 percent of the mine atmosphere.”’

A fourth hazard is the dust generated by ma-
chinery. Dust levels in underground mines in-
creased substantially with the introduction of con-
tinuous mining machines during the 1950’s. Dust
is a safety hazard because it impairs visibility, and
a health hazard because it is responsible for
pneumoconiosis, or black lung disease.® Al-
though not conclusive, evidence indicates that
dust generated by the longwall method is greater
than dust generated by either the conventional or
continuous room and pillar method.”

Other hazards associated with underground
mining include the dangers of electrocution from
wires and cables used to power equipment, being
hit by mining machines and equipment that have
little room to maneuver, and inhalation of diesel
fumes.®

Surface mining. Four methods are used in sur-
face mining: area, open pit, contour, and auger.”'
The area and open pit methods, used primarily in
the Midwest and the West where land usually is
flat, develop a series of long open pits on surfaces.
The difference between the two methods is one of
scale; area mining uses much larger tracts of land

Table 2,

United States, 1990

Distribution of total injuries in bituminous coal mining
operations by type of operation and nature of injury,

Underground Surface

Physical condition Total Percent Total Percent

injuries of total Injuries of total
Total .................... 11,363 100 2,428 100
Amputation. ............ 50 " ] ]
Burn/scald ............. 78 1 61 3
Chemical burn .......... 45 " 27 1
Contusionvbruise . ....... 1,731 15 214 9
Fracture ................. 1,152 10 239 10
Scratch/abrasion . ..... .. 81 1 35 1
Sprain/strain . . .......... 4,783 42 888 37
Multiple injuries .. ....... 781 7 203 8
Cutpuncture . .. ......... 1,699 15 481 20
Allother ............... 963 8 271 11

! Less than 0.5 percent.
Note:  Columns may not add to 100 percent due to rounding.

SOURCE:
Mine Safety and Health Administration, 1991), pp. 126 and 128.

Injury Experience in Coal Mining, 1990, Information Report 1205 (Denver, co,

Table 3.  Distribution of injuries in bituminous coal mining
operations by type of operation and event or
exposure, United States, 1990

Underground Surface
Accident
classification Total Percent Total Percent
injuries of total injuries of total

Total . ... ... 11,363 100 2,428 100

Electrical . .. ........_.... 134 1 20 1
Handling material . . .. .... 3,957 35 715 29
Handtool.. .......... ... 1,144 10 309 13
Powered haulage' . ...... 1,365 12 218 9
Machinery. .. ........... 1,738 15 369 15
Rooffall ............... 723 6
Slip or fall {person) . ... ... 1,431 13 601 25
Stepping or kneeling

enobject . ............. 243 2 53 2
Striking or bumping. ... ... 184 2 7 &
Fall of fage, rib,

side or highwall . .. ... ... 174 2 23 1
Allother, . ... ........... 270 2 113 5

CONVeyors.
? Less than 0.5 parcent
Note:  Columns may not add to 100 percent due o rounding.

SouRcE:
Mine Safety and Health Administration, 1991), pp. 250 and 252.

' Accident related to the motion of powered haulage equipment such as forklift, trucks, and

Injury Experignce in Coal Mining, 1990, information Report 1205 (Denver, co,

than does open pit mining.

The other two mining methods, contour and
augur, are used primarily in Appalachia, where
deposits of coal are found in hills and mountains.
Both methods involve drilling into the coal seam.
The contour method extracts coal by vertical drill-
ing. The augur method is used if the terrain is too
steep to allow vertical drilling: the coal is ex-
tracted by drilling horizontally into the coal seam.
Contour and auger mining occur on a much
smaller scale than do area and open pit mining.

Area, open-pit, and contour mining involve the
following steps:* top soil is removed from the
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surface to be mined; overburden-—-rock or shale—
is removed, primarily by blasting; the coal is frac-
tured, primarily by blasting; coal is loaded, using
coal shovels, front-end loaders, and trucks; the
overburden is back-filled; top soil is returned and
the area is revegetated.

Surface miners also are exposed to dust and
noise, particularly operators of trucks and earth
moving equipment, although on a smaller scale
than underground miners.” Surface miners also
face the hazard of falling support materials and
props, rock falls, and mishaps with machinery.

Injury and illness experience

Of the 131,000 bituminous coal miners employed
in 1990, 83,840 worked in underground mines and
47,160 worked on surface mines. ™

Several measures used by the Mine Safety and
Health Administration indicate that surface mining
is safer than underground mining. The fatality in-
cidence rate for underground mines in 1990 was 6
per 10,000 full-time workers, compared with 2 per
10,000 workers for surface mines.*”* And the non-
fatal disabling injury rate for underground mines, at
12.4 per 100 full-time workers, was much higher
than that of surface mines, 3.6 per 100 workers.
These data indicate that underground miners have a
mgﬂer probability of incurring an injury, mcdburt:u
in terms of exposure, than do surface miners.*
Also, the severity measure for bituminous coal
mining (including all fatal and nonfatal disabling
injurieq) in 1990 was 979 workdays lost per 100
1uu tlme WOr I\Cl§ lUl uuuergrouuu [[llﬁefs com-
pared with 270 days lost for surface mining.”

The Bureau of Labor Statistics also reports the
incidence of occupational injuries and illnesses for
workers in bituminous coal mining as a whole.
The BLs incidence rate, calculated in terms of 100
full-time workers, is a proxy for the level of risk
for injury and illness.*®* The rate of 10.8 total inju-
ries and illnesses per 100 full-time workers for bi-
tuminous miners is two points higher than the cor-

racnnnding rata for all nrvate inductry in 1000
TCSPONGINE TAIC 10T do Prival INGUsTy 0 1 5ov.

(See table 1.) The lost workday case rate measures
the number of injuries and illnesses per 100 full-
time workers that result in days away from work or
restricted work duties, or both. The lost workday

case rate fnr the hituminous coal 1nr|nch'y 19 dnlll‘\la

that of the private sector. Another measure of the
severity of an injury is the total lost workdays per
100 full-time workers: the rate of lost workdays
for bituminous coal in 1990 was nearly double that
of all nnva_[s_- mduqh’v

Occupahonal injury and illness rates provide
useful information at the industry level, but do not
provide detailed data on the characteristics of the
injury and illness. This information is available
from the Mine Safety and Health Administration.®

52  Monthly Labor Review October 1993

The distribution of total injuries by physical
condition show that the preponderant injury cat-
egory is sprain/strain, accounting for 42 percent of
the cases reported in underground mines, and 37
percent of the cases reported for surface mines.
(See table 2.) The three categories of contusion/
bruise, cut/puncture, and fracture combined ac-
count for 40 percent of injuries reported in under-
ground mines and 38 percent for surface mines.

Of the 45 fatal injuries in underground mines,
22 were the results of a contusion/bruise, 11 re-
sulted from multiple injuries, and 6 from an elec-
rrical shock. Of the 9 fatalities for surface mining,
4 resulted from mulitipie injuries.

Event or exposure. The distribution of occupa-
tional injuries by event or exposure shows that the
category “handling material” led all others, ac-
counting for 35 percent of the underground mining
total and 29 percent of all surface mining injuries
in 1990. (See table 3.) When “handlmg material”
was cited, the most common injury was a sprain or
strain, primarily to the back.

in underground mining, four oiher eveni/expo-
sure categories-—machinery accidents, persons
slipping or falling, accidents involving powered
haulage equipment, and events/exposures involv-
ing nonpowered hand tools—accounted for be-

Table 4.  Distribution of injuries in
bituminous coal mining
operations by type of
operation and occupation,
United States, 1990

Operation type and Total Percent
occupation injuties of total

Underground:

. Total ............ 11,363 100
Mining machine operator . . 1,063 9
Laporer.. .............. 2,257 20
Hauldump ............. 1,268 11
Electrician .. ............ 569 5
Mechanic/maintenance . . . 1,187 10
Rock, roof belter . .. .. .. .. 1.812 18
Supervisor/foreman ... ... 945 8
Aliother ............... 2,262 20

Surface:

Total ............ 2,428 100
Bulldozer, mobile
equipment eperator ... .. 315 13
Laborer................ 2067 9
Mechanic/maintenance . .. 770 3z
Frontend ioader... ... ... 143 B
Supervisorforaman ... ... 81 3
Truck driver . ........... 232 10
Welder/machinist ... .. ... 211 9
Drill gperator. ........... 103 4
Allother ............... 366 15
Norte: Columns may not add to 100 percent due to
rounding.
Source: injury Experience in Coal Mining, 1990,
Information Report 1205 (Denver, co, Mine Salety and
Health Administration, 1991}, pp. 231-32.




tween 10 percent and 15 percent each of the injury
total. In surface mining, persons slipping or falling
was cited nearly as frequently (25 percent) as han-
dling materials. The steepness of the grade par-
tially explains why slipping and falling occurs
more often in surface mining than in underground
mining.

In both types of mining, slips and falls resulted
typically in a sprain or strain injury, commonly to
the back or the knees.

Of the 45 fatalities in underground mining,
nearly half (21) resuited from roof falls.*® Of the
21 fatal roof falls, 12 resulted in a contusion/bruise
and 5 in multiple injuries. Machinery accidents
accounted for eight fatalities in underground min-
ing, and electrical incidents or powered haulage
equipment were involved in six fatalities each.

Of the nine fatalities in surface mining, pow-
ered haulage equipment was involved in deaths of
three workers, and machinery and persons slip-
ping and falling in two deaths each.

Occupation. The distribution of bituminous coal
mining injuries by occupation indicates that two
occupational categories led all others in under-
ground mining injuries—laborer and rock/roof
bolter each accounted for between 15 percent and
20 percent of the total injuries reported in those
operations in 1990. (See table 4.) Four other occu-
pational activities each accounted for about 10
percent of the underground mining total—mining
machine operator, haul/dump, mechanic/mainte-
nance, and supervisor/foreman.

In surface mining, mechanic/maintenance was
by far the major occupation/activity of the injured,
accounting for 32 percent of the total injuries in
those operations. Next in frequency were bull-
dozer/mobile equipment operator and truck
driver, each with between 10 percent and 15 per-
cent of the total.

Of the 45 fatalities in underground mining,
the leading occupational categories were mining
machine operator (nine deaths) supervisor/fore-
man (eight) and electrician (six). In surface min-
ing, bulldozer/mobile equipment operator was
cited in three of the nine fatalities and laborer or
truckdriver in two other deaths each.

The risk of fatal injury for supervisors and fore-
men is much higher in underground mining,
which exposes them to roof falls at the mine face,
than in surface mining, where they work at dis-
persed sites.

For both sectors, the preponderant major body
part affected by an injury is the trunk, accounting
for roughly a third of each injury total. (See table
5.) Nearly three-fourths of the trunk injuries af-
fected the back; most of the remaining trunk inju-
ries are divided about evenly among the chest, pel-
vic region, and shoulders. Upper extremity

Table 5.  Distribution of injuries In bituminous coal mining
operations by type of operation and major part of

body affected, United States, 1990

Underground Surface
Physical condition Total Percent Total Percent
injuries of total Injuries of total
Total............... .00t 11,363 100 2,428 100
Headandneck .......... 1,450 13 430 18
Upper extremities . .. ... .. 2,719 24 565 23
Trunk .. 4,088 36 763 kA
Lower aextremities . .. ..... 2,348 21 453 19
Multiple body parts . . .. ... 714 6 200 8
Albother ............... 44 M 17 1

' Less than 0.5 percent.
Columns may not add to 100 percent due to rounding.

Sounce: Injury Experience in Coal Mining, 1990, Information Report 1205, (Denver, co,
Mine Safety and Health Administration, pp. 105 and 108,

Table 6.  Occurrences reported to the Mine Safety and Health

Administration as occupational illnesses In
bituminous coal mining operations, by type of
operation and iliness category, United States, 1990

NoTe:

Underground Surface
Physical conditlon

Total Percent Total Percent
liinesses of total lineases of total

Reported illness total . ... ... 471 100 45 100

Dust diseases of the lungs . 316 67 17 38

Disorders associated with
repeated trasma .. ... ... 131 28 26 58
All other ilinesses .. ...... 24 5 2 4

Sounce: Injury Experience in Coal Mining, 1850, Information Report 1205 (Denver, co,
Mine Safety and Health Administration, 1991}, pp. 304-05.

injuries are about one-fourth of the total in each
mining sector. In underground mines, 1,536 of the
2,719 upper extrernities injurics affected the fin-
gers and 485 affected the hand. In surface mines,
292 of the 555 upper extremities injuries affected
the fingers and 102 affected the hand.

Lower extremity injuries are approximately
one-fifth of the total in each mining sector. In sur-
face mines, of the 463 injuries to lower extremi-
ties, 144 affected the knee and 113 affected the
ankle. In underground mines, 949 of the 2,348
lower extremities injuries affected the knee, 479
affected the foot, and 353 affected the ankle, Head
and neck injuries accounted for one-eighth of the
underground mining total and nearly one-fifth of
the surface mining total. As a percent of total inju-
ries to the head and neck, eye injuries are more
common for surface miners (44 percent of total in-
jured) than for underground mining (29 percent of
total injured). In contrast, neck injuries occur more
frequently in underground mining (29 percent of
head and neck total) than in surface mining (11
percent of total),

According to the Mine Safety and Health Ad-
ministration, 471 of the 516 reported occupational
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illnesses in bituminous coal mining in 1990 oc-
curred in underground mines, and 45 occurred in
surface mines. (See table 6.)

Of the occupational illnesses in underground
mines, 67 percent were “dust diseases of the
lungs” and 28 percent were “disorders associated
with repeated trauma,” such as tendonitis and car-
pal tunnel syndrome. In surface mines, 58 percent
of the occupational illnesses were “disorders asso-
ciated with repeated trauma,” while 38 percent
were “dust diseases of the lungs.”

These illness data indicate that in addition to
dust diseases of the lungs, which have long
been known as a major occupational illness in
the coal industry, “disorders associated with re-

Footnotes

peated trauma” is an emerging problem in un-
derground and surface mines and requires fur-
ther investigation,

IN suMMARY, material handling in bituminous
coal mining, as in the private sector, is a major
cause of injury that merits special attention. The
data also suggest that efforts should focus on
preventing conditions that lead to injuries caused
by roof collapses in underground mines, par-
ticularly at reducing the vulnerability of super-
visors to fatalities resulting from roof falls. Re-
searchers and policymakers also should focus on
reducing occupational illnesses to miners due to
“disorders associated with repeated trauma.” []
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