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COMPTROLLER GENERAL'S 
REPORT TO THE CONGRESS 

LOW PRODUCTIVITY IN AMERICAN 
COAL MINING: CAUSES AND CURES 

DIGEST ------ 

National energy policy calls for greater use 
of coal by the U.S. in order to reduce our 
reliance on imported oil. Our ability'to make 
this transition to coal, however, depends on 
the coal industry's ability to meet future coal 
production needs. Given the importance labor 
productivity plays in the quantity of coal 
produced, productivity is crucial to meeting 
our national energy goals. 

The coal industry experienced a remarkable 
threefold increase in productivity between 
1947 and 1969. Substantial increases were 
realized in both surface and underground mines. 

Since 1969, however, overall coal industry 
productivity has declined 26 percent and a 
whopping 43 percent in underground mines. 
Surface mining productivity remained constant 
up to 1974 when it began to fall; ,declining 29 
percent by 1979. 

This report evaluates the major factors 
determining productivity in the coal industry, ' 
identifies those mainly responsible .for the 
decline in labor productivity which has occurred 
since 1969, and recommends steps to reverse 
current trends. Throughout this report 
productivity is defined as tons per worker hour. 

The GAO review is based,on an analysis of a 
large coal mine data base, interviews with a 
wide range of mining personnel at 44 mines, 
and discussions with numerous Government and 
private officials. 

CONCLUSIONS 

The GAO analysis found the decline in under- 
ground productivity during the 1970s to be 
closely tied to the reduced quality of labor- 
management relations, especially after 1973, 
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and the 1974 union contract requirements 
calling for helpers on mine-face equipment. 
While definitive results on the past effect 
of absenteeism were not obtainable, it seems 
to have a negative influence on productivity. 
Other labor management issues frequently 
thought to be related to productivity such 
as the age distribution of the work force, 
labor turnover, and job-bidding, however, 
have little effect on productivity. 
Incentive plans seem to be a promising way 
to improve productivity. (See ch. 2.) 

GAO research also indicates that Mine Safety 
and Health Administration (MSHA) regulation 
was a primary cause of declining underground 
productivity between 1970 and 1973, but was 
less important afterwards. By 1977 it was 
no longer a factor in the continuing 
productivity decline. Regulation refers to 
the impact of enforcement activity and 
changes in mining practices caused by MSHA 
regulations. Since the practices required 
by MSHA causing the initial decline continue, 
however, some of the initial drop in productivity 
may be permanent. On the benefit side MSHA 
regulation has reduced coal mine fatalities 
and disasters substantially. However, 
MSHA regulations do not appear to have reduced 
the frequency of nonfatal disabling injuries 
caused mainly by human error. (See ch. 3.) 

In surface mining the enactment of strict State 
reclamation laws is largely responsible for 
the decline in productivity. The majority of 
coal producing states enacted or strengthened 
surface mining reclamation requirements after 
1968. As more resources were allocated to 
reclamation activities, productivity suffered. 
This lost productivity is a price we pay for 
a restored environment. In addition, due to 
the start up time needed to reach efficient 
production, the large number of new surface 
mines which have been opened since 1974 also 
has had a negative effect on productivity. 
This decline has been,felt largely in Eastern 
coal producing States. This report does not 
address the Federal Surface mining law, since 
it was recently implemented and its effects 
are not yet apparent. (See pp. 68 thru 74.) 
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Although coal mining technology has not caused 
productivity to decline, mechanization and 
technological innovation slowed in both under? 
ground and surface mines in the late 1960s and 
has not advanced sufficiently to offset the 1OSS 
due to other causes. In underground mines, coal 
cutting machine reliability and haulage from the 
face are areas where technological improvements 
could increase productivity substantially. 
Increased .investment in excavation and coal 
loading equipment will bring the highest product- 
ivity improvement in surface mining. (See ch. 4.) 

Worsening geological conditions have frequently 
been cited as a possible cause for declining 
productivity. ,GAO found that geolosical 
conditions in underqround mines have not worsened 
industrywide nor led to lower productivity. In 
surface mining, seam thickness and the amount and 
type of overburden are the principal geological 
conditions impacting productivity. Low overburden 
ratios help explain both the higher productivity 
and increasing production in Western States. (See 
pp. 90 and 91.) 

Labor and Manaqement 

Labor-management problems are centered largely 
in underground coal mining. Surface mining is 
a more capital intensive process, requiring less 
labor per ton of coal produced. (See p. 12.) 

Since 1969 underground coal mines have experi- 
enced worsening labor-management relations as 
reflected in the explosion in the number of 
strikes. A close relationship was found between 
strike activity and productivity. While strikes 
do not affect productivity directly, they reflect 
the level of tension between labor and management. 
A large portion of the decline in productivity 
after 1972 was due to this increased tensionas 
manifested in the number of work stoppages. 
(See p. 24.) 

The underground mine work force is younger, 
less experienced, but better educated than their 
peers of the 1950s and 1960s. The shift to a 
younger work force and the resulting reduction 
in experience levels was examined for its impact 
on productivity. No relationship was found 
between younger miners and low productivity. 
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By now young miners hired in the early 1970s 
have gained needed experience. Young miners are 
more educated and have other positive attributes 
which offset the impact of their inexperience. 
(See pp. 15 and 16.) 

Job absenteeism and turnover are important 
indicators of worker satisfaction or alien- 
ation. Coal operators consider absenteeism 
a significant factor impacting productivity. 
Due to the limited data available GAO could 
not determine the change in absenteeism or its 
overall impact on productivity. The existing 
level of unexcused absences, however, is 
substantially higher in coal than other 
industries. Improvements in this area could 
raise future productivity. Labor turnover 
has had little effect on productivity. A 
higher separation rate has a slight negative 
effect on productivity, while the accession 
rate has no effect. However, rates for both 
separation and accessions were no higher in 1979 
than 1968. (See pp. 15 and 19.) 

The requirements for helpers on face equipment 
contained in the 1974 wage agreement was esti- 
mated to account for a maximum 5 percent of the 
13-percent decline in underground productivity 
during 1974-75. No support was found for the 
argument that job bidding was a factor in the 
decline in productivity. Finally, a well- 
designed production incentive plan which stresses 
safety along with realistic production goals 
can be a useful management tool. Such a plan 
can lead to improvements in safety, produc- 
tivity, and overall labor-management relations. 
(See pp* 26 thru 28.) 

Federal Coal Mine Health And Safety Act 

The Federal Coal Mine Health and Safety Act 
of 1969 authorized more stringent health and 
safety standards and vastly increased Federal 
enforcement powers and resources. The coal 
industry attributes low and declining under- 
‘ground productivity primarily to the act. Sur- 
face mine operators were less likely to blame 
low produtitivity on health and safety regula- 
tions. Using the number of inspection days to 
measure MSHA enforcement, we determined that a 
direct relationship exists between enforcement 



activity and productivity. Increased enforce- 
ment activity results in lower productivity. 
MSHA inspections reached a peak in 1973 and 
then declined slowly. The act had its largest 
impact on productivity between 1970 and 1973 
when the number of inspections was growing. 
Since 1974, with MSHA and industry adjustment 
to the enforcement process and the leveling 
off of inspection activities, the act became 
less of a factor in the continuing decline 
in productivity. Although no longer a factor 
in the continuing decline, some of the initial 
loss in productivity may be permanent. 
(See pp. 34 thru 37.) 

MSHA regulation reduces mine productivity pri- 
marily by requiring that increased labor be 
spent on nonproduction activities and by re- 
ducing available production time. 

MSHA regulation reduced fatalities in coal mines 
dramatically; however, nonfatal injuries have 
stayed high. MSHA regulation improves mine 
safety mainly by preventing mine disasters. 
Fatalities have been reduced by more than half 
in the 8 years following passage of the act. 
MSHA regulations requiring increased roof sup- 
porb ventilation, dust control, methane test- 
ing, and protection from machinery and elec- 
trical equipment are mainly responsible for 
the reduction in disasters. These same re- 
quirements are most responsible for the lost 
productivity due to Government regulation. (See 
pp. 39 thru 43.) 

The Bureau of Mines and coal equipment manu- 
facturers have developed safety technologies 
which could reduce the adverse productivity 
impacts of some MSHA ‘regulations. MSHA is 
involved in the selection process for new Bureau 
of Mines safety technology research projects. 
However, these technologies have not been ade- 
quately transferred to the coal mining industry 
due to a lack of adequate in-mine testing and 
continued uncertainty, over whether MSHA will 
modify regulations or grant petitions for modifi- 
cation to operators using new technologies 
from productivity-reducing regulations. (See 
pp. 65 thru 67.) 
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Up to a point a trade-off exists between 
productivity and safety. In 1977, a direct 
relationship existed between both the number 
of lost workday injuries and the number of 
violations and productivity. An increase in 
either the number of violations or lost 
workday injuries resulted in an increase in 
productivity. However, an increase in the 
seriousness of violations received by a mine 
resulted in lower productivity. As a mine 
pushes to expand production, there may be a 
tendency to tqke,,short cuts, and place less 
emphasis on safety. The result will be an 
increase in both production and lost workday 
injuries. However, those mines which continue 
to push production beyond this range and are 
continually guilty of the most serious or 
dangerous violations pay a substantial penalty 
in terms of both safety and productivity. 
(See p. 44.) 

Technology 

The type of technology employed by a coal mine 
will have substantial effects on the level of 
productivity achieved. In underground mines 
the greatest productivity gains can be achieved 
by improving the reliability of coal cutting 
machines and improving haulage from the face. 
Advances in machine maintenance programs and 
haulage systems have not kept pace with 
productivity advances in coal cutting. (See pp. 
79 thru 83.) 

The potentially more productive continuous 
mining equipment lost its 'productive advantage 
over conventional mining methods after 1969. 
MSHA re ulations and the 1974 union agreement, 
along w s1 th problems in machine reliability have 
prevented these methods from achieving their 
productive potential. (See p. 80.) 

One indication of the slowness of technolo- 
gical advance in underground mines is the 
coal industry's reluctance to switch to 
longwall mining machines. The share of under- 
ground coal produced by longwall miners grew 
to only 5 percent by 1977. Our analyses showed 
that the coal industry's reluctance to invest 
in these longwall mining systems was based on 
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a reasonable 
productivity 
productivity 
longwall mines have the benefit of improved 
worker safety. (See pp. 82 and 83.) 

Haulage systems are a main constraint to 
improving productivity in underground mines. A 
main bottleneck is the transport from the face 
to the main haulage line. Adding more shuttle 
capacity will increase productivity more than 
adding continuous and longwall mining machines. 
While shuttle capacity is most important, adding 
track and conveyor belts to the main haulage 
will also improve productivity. (See p. 83.) 

Surface mining productivity can be increased 
by improving excavating and coal loading equip- 
ment and the efficiency of its use. Increased 
capacity for loosening coal through the use of 
more coal drills will significantly increase 
productivity as will greater use of front-end 
loaders for coal loading. (See pp. 83 thru 86.) 

Coal equipment manufacturers and larger coal 
companies are doing research on improving the 
speed and reliability of existing equipment 
but are doing little research on advanced mining 
systems. At the same time, the Department of 
Energy (DOE) is doing substantial research 
on advanced mining systems that will yield high 
productivity gains. However, budget cuts have 
reduced DOE's research efforts. (See pp. 86 thru 90.) 

Lessons from European Coal Mininq 

assessment of their actual 
versus cost i.e., they improve 
but at a high cost. However, 

While still lower than in the U.S., productivity 
in British and West Germancoal mines has rc- 
mained stable or increased slightly without 
detracting from mine safety. Reasons for lower 
productivity in European mines include poor 
geological conditions and more emphasis on safety. 
European technologies that the U.S. industry could 
employ to enhance ,both safety and productivity are 
longwall mining, computer monitoring of the mining 
environment, and methane drainage before mining. 
Greater utilization of these technologies in U.S. 
mines will require a close examination of current 
MSHA requirements for longwall mining and methane 
testing. European miners are given considerably 
more safety and skill training in more facets 
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of mining. This increases safety and reduces 
the disruptive effects of absenteeism. Similar 
levels of training for U.S. miners may be warranted 
on safety and productivity grounds. European mines 
have also realized increased productivity through 
the use of production incentive bonuses. 
97 thru 105.) 

(See pp. 

GAO concludes that there are three areas in which 
changes could render substantial productivity 
improvements. These areas are: 
relations, mining technology, 

labor-management 
and the relationship 

between new technology and Federal mine safety and 
health regulations. (See ch. 6.) 

Labor and management must increase their efforts 
to improve communication and cooperation. Manage- 
ment should emphasize the training of supervisory 
personnel in labor-management relations, and the 
union should recognize management's need to have 
a stable workforce with low absenteeism. To im- 
prove the reliability of existing mining equip- 
ment, coal operators should increase preventive 
maintenance programs and training for shift ' 
mechanics. Funding of joint labor-management 
committees by the Federal Mediation and Concil- 
iation Service could lead to improvements in these 
areas. 

The Federal Government's role in improving coal 
industry labor-management relations has been 
limited to expediting arbitration procedures and 
mediating disputes. In recognition of the 
importance of effective communication and 
grievance handling, the Labor-Management Services 
Administration of the Department-of Labor 
recently undertook two experimental training 
programs on grievance handling. GAO views these 
actions as promising first steps. Given the 
national importance of improving productivity 
and maintaining a' steady coal supply, further 
Federal involvement may be warranted. GAO 
recommends that: 

--The Secretary of Labor should direct the 
Labor-Management Services Administration 
to fund coal industry programs to train 
coal management and labor in effective 
communication and grievance handling. 
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Mininq Technoloqy 

While coal mining technology has not caused 
productivity to decline, it has not advanced 
eufficiently in the past decade to offset the 
lose due to other causes. In underground mines, 
coal cutting and haulage are examples where 
technological improvements could increase pro- 
ductivity substantially. Given that expanding 
coal production ie an important national goal, 
GAO recommends that: 

--The Secretary of Energy should direct the 
Office of Coal Mining to increase research 
efforts in thoee areas which have a high 
potential for improving productivity. 

The Bureau of Mines and coal equipment manufac- 
turera have jointly developed safety technologies 
euch aa remote movement of line brattice and roof 
support systems which have the potential to reduce 
the adveree productivity impacts of MSHA regulations. 
However, many of these technologies have not been 
widely adopted by the industry. Two frequently cited 
reasons for this are the lack of adequate in-mine 
testing by the Bureau of Mines to demonstrate the 
benefits of the product and uncertainty over whether 
the Mine Safety and Health Administration will either 
grant petitions for modification or change regulations 
allowing operators to use new eafety technology. GAO 
recommends that: .-- 

--Since the weakest link in the commer- 
cialization chain is in-mine testing, 
the Secretary of the Interior should 
direct the Bureau of Mines to adequately 
test its products in working co-al mines 
to establish and demonstrate their 
benefite. 

--The Secretary of Labor should direct MSHA 
to minimize the regulatory lag which now 
delays introduction of productivity en- 
hancing equipment that does not impair mine 
eafety. 

MSHA regulation hae not effectively reduced the 
frequency of nonfatal disabling injuries caused 
primarily by worker error. Increased effectiveness 
of on-the-job safety training of both supervisors 
and workers should help reduce these types of 
injuriee. GAO recommends that: 
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--The Congress increase the required 
minimum amount of on-the-job safety 
training for supervisors and miners. 

--The Secretary of Labor should direct 
MSHA to analyze the impact on industry 
of increasing training requirements and 
provide further assistance if warranted. 

AGENCY COMMENTS 

Comm8nts on a draft of this report were 
solicited from the Departments of Energy, 
the Interior, and Labor. The Department of 
Energy had no official comments. Both Interior 
and Labor agreed with the major findings of 
the raport. Interior felt that DOE should 
not become involved in the training of miners 
and management. GAO agreed and the report's 
recommendation reflects this. Labor did not 
agree that MSHA should establish an agency- 
wide policy on exempting new Bureau of Mines 
technologies, that can be introduce'd safely, 
from productivity reducing regulation. They 
pointed out that MSHA already grants modi- 
fications from health or safety standards 
on a case-by-case basis and has developed 
a system for revising standards in cases where 
a large number of such modifications have 
been granted. This process, however, was 
found to be time consuming, and GAO recom- 
mends that MSHA take the necessary steps to 
shorten it. Other technical and editorial 
comments by Labor and Interior are reflected 
throughout the report when appropriate. 

CONTINUING ANALYSIS s 

Many of the suggestions and recommendations 
contained in this report represent potential 
means of improving productivity. B8CaUs8 
higher productivity is so important, GAO plans 
to send the report to knowledgeable individuals 
in the United Mine Workers Union, academia, 
major coal producers, and State governments. 
GAO will solicit their views on its recommenda- 
tions and request suggestions on how they might 
be impl8m8nt8d. GAO will evaluate any sug- 
gestions which could require congressional 
action and, if appropriate, will submit further 
recommendations in a subsequent report. 
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LOW PRODUCTIVITY IN THE COAL INDUSTRY: 

CAUSES AND CONSEQUENCES 

The bituminous coal industry is regaining its position 
ad the keystone of our energy future. Substantial increases 
in domestic and foreign oil prices and heightened public 
awareno of nuclear safety roblems 
coal in its rtrongert compet f 

have placed bituminous 
tive position since the mid-19406. 

The main reason for moving to coal, however, is our increasing 
dependence on foreign oil. In 1972, the Nation imported 29 
percent of its oil; in 1979, we imported 44 percent. Both the 
oil embargo of 1973-74 and the eventa of 1979 have demonstrated 
how vulnerable America has become to oil import disruption. 

If coal is to be a larger part of our energy diet, the 
coal industry muat be sufficiently productive to meet higher 
production expectations. The productivity of coal mines will 
play an important part in future production, as it has in the 
past. 

Unfortunately, the coal industry shares in the,current 
low productivity problem plaguing the U.S. economy. In fact, 
coal mining has the dubious honor of having nearly continuous 
productivity decreases. Productivity is defined as tons per 
worker hour. 

This report evaluates the major factors determining 
productivity in the coal industry, identifies those mainly 
responsible for the decline in labor productivity which has 
occurred since 1969, and recommends steps to reverse current 
trends. 

SIGNIFICANCE OF LOW PRODUCTIVITY 

Low productivity ir the number one conbern of coal indus- 
try officials. Overall, productivity has declined 26 percent 
mince 1969, and a whopping 43 percent in underground mines. 
Low productivity may effect labor requirements, safety, and 
coal pricer. 

Low and declining productivity may make it difficult to 
att'ract the labor needed to achieve ambitious production 
targetr. For example, with productivity at 1974 levels it 
would take 244,000 miners to produce 1 billion tons of coal 
in 1985. If productivity continued to decline at the 19690 
1978 rate, twice a8 many miners would be needed to produce 1 
billion ton-1985. 
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Lower productivity also has implications for safety and 
health. A6 labor productivity declines, more workers are 
needed to produce the same amount of coal and so exposure to 
mining haeards increases. Because manpower requirements rose, 
injuries per ton of coal mined underground increased by 90 
percent from 1967 to 1977. Ironically, if, as the operators 
claim, government regulation is responsible for low productiv- 
ity, government regulations designed to reduce injuries may 
also increase them by increasing exposure. 

Coal must compete with other fuels, especially oil, gas, 
and uranium. The lower the price, 
and industry will be to use coal.' 

the more willing utilities 
In addition, the economic 

viability of coal liquifaction and gasification will partially 
depend on the price of coal feedstocks used in these processes. 
If the price of coal increases, so will government subsidies 
needed to keep synthetic fuels competitive with alternative 
energy sourcea. 

Other things remaining the same, low and declining pro- 
ductivity will cause unit labor costs to rise. Since 1968, 
labor costs have increased nearly 150 percent. While many 
factors determine coal market prices, a decrease in labor 
productivity will tend to increase coal prices and possibly 
other energy costs as well. 

ORIOINS OF THE PROBLEM 

The American bituminous coal industry has both grown and 
declined significantly over the past 30 years. At the same 
time, the industry has changed from labor intensive under- . 
ground production to mechanized production in both surface 
and underground operations. Understanding the major factors 
contributing to low coal mining productivity depends on a 
clear picture of the economic and institutional forces at 
work since 1950. 

Historically, productivity in coal can be examined in 
term6 of two distinct periods, one of exceptional improvement 
(1947 to 1969) and the other of rapid decline (1969 to the 
pre6ant). The industry experienced a remarkable increase in 
productivity between 1947 and 1969. Overall productivity 
nearly quadrupled from 0.7 to 2.6 tons per worker/hour (T/Wh). 
Substantial increases were realized in both surface and 
underground mines. These productivity improvements came from 
increased mechanization, closing less efficient mines, and 
improved labor-management relations. I/ 

However, table 1 shows that since 1969 productivity in 
underground coal mining has declined from 2.3 to 1.3 T/Wh in 
1979. At the same time, surface mining productivity remained 
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Table 1 

U.S. Coal Production and Productivity 

Underground Surface Total 
(note b) (note c) 

Produc- Produc- Produc- Produc- Produc- Produc- 
Year tion tivity tion tivity tion tivity 

1961 

1966 

1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

(million 
tons) 

280 

342 

348 

340 

278 

288 

286 

264 

279 

281 

257 

229 

300 

(T/Wh) 

1.7 

2.2 

2.3 

2.1 

1.8 

1.7 

1.7 

1.5 

1.3 

1.3 

1.3 

1.2 

1.3 

(million 
tons) 

130 

184 

(T/Wh) WA;;yn 

3.0 409 

4.4 527 

202 4.6 550 

2.48 4.7 558 

264 4.5 542 

4.5 524 236 

261 

293 

324 

358 

406 

398 

437 3.2 737 

4.5 547 

4.0 557 

3.4 603 

3.5 639 

3.4 664 

3.1 627 

(T/Wh) 

1.7 

2.4 

2.6 

2.5 

2.3 

2.2 

2.2 

2.1 

1.8 

1.9 

1.9 

1.8 

1.9 

a/Production in million tons. Productivity in tons per worker 
hour. Excludes employees of mechanical cleaning, preparation 
plants or brokers. 

b/Productivity based on miners working underground only. 
Surface employees at underground coal mines are excluded. 

c/Excludes augers, culm banks, and dredges. 

SOURCE: Mine Enforcement and Safety Administration, Information 
Reports 1961-1975. Mine Safety and Health Administration, 
Information Reports, 1976-1978. 
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relatively constant up to 1973, ranging from 4.6 to 4.5 T/Wh. 
In 1974 surface mining productivity also turned down, dropping 
to 3.2 T/Wh by 1979, the latest year for which comparable 
data is available. 

The coal industry, 1947 to 1969 

In 1947, the industry produced a record 642 million tons 
(mt) of coal. That year also marked the beginning of declin- 
ing coal demand. After the war, the railroads began a massive 
switch from coal to diesel-fueled engines. Railroad coal 
consumption declined from 125 mt in 1947 to 15 mt by ,1955--and 
to zero by 1960. A similar change began in the residential 
sector with consumption falling from 119 mt to 29 mt between 
1945 and 1960. Manufacturing followed suit. Only electric 
utilities increased their coal demand and have been largely 
responsible for overall increases in U.S. coal consumption 
since 1960. 

The decline in coal demand ushered in a period of low 
prices and profits. Given the competitiveness of the coal 
industry, only the lowest cost firms survived. As demand and 
prices fell, marginally efficient mines closed, thus increas- 
ing overall productivity. 

Officials of both the United Mine Workers of America 
(UMW) and the remaining coal companies recognized that the 
industry's survival depended on keeping coal competitive in 
its remaining growth market --steam coal for electrical genera- 
tion. In 1950 the industry began an all-out effort to mechan- 
ize with the consent and active participation of the UMW. 
Union officials accepted the resulting unemployment in the 
coal fields. They realized that increased productivity through 
mechanization would protect the industry's remaining markets 
and make wage increases for the remaining work force possible. 2J 

During this period UMW leadership worked closely with 
management to restructure and consolidate production crews 
into efficient and stable work units. - 

The period also saw rapid expansion of underground con- 
tinuous mining which eliminated many of the labor intensive 
techniques of the past. Continuous mining reduced the number 
Of production steps and cut crew size per mine section from 
about 9 to 6. By 1969, practically no coal was being cut or 
loaded by hand. 

Low coal prices and profits during the 1950 to 1969 
period also encouraged high productivity surface mine 
production. Production from surface mines increased from 



124 mt in 1950 to 202 mt in 1969, rising from 24 percent of 
total production to 37 percent. Given the relatively higher 
productivity of surface mining, this shift .contributed to 
higher overall coal industry productivity. Because the size 
and capacity of stripping and haulage equipment also increased, 
surface mining labor productivity rose during the period. 
Productivity of surface mining grew from 2.0 T/Wh in 1950 to 
4.6 T/Wh in 1969. This increase in surface mining productiv- 
ity pushed overall mining productivity up by 21 percent above 
what it would have been had surface mining productivity re- 
mained at its 1950 level. 

Coal industry 1969 to 1979 

Growing electric utility consumption in the late 1960s 
forced coal demand up. In 1970, annual coal production topped 
600 mt for the first time since 1947. At the same time, coal 
prices, which had remained relatively constant for the previ- 
ous 15 yearsr began to inch up. The 1973 to 1974 increase in 
world oil prices brought on by OPEC made coal relatively cheap 
and attractive as a secure domestic energy source. By 1976, 
annual coal production had reached 648 mt, and the average 
price per ton at the mine had jumped from $4.99 in 1969 to 
$19.23. 

Declining labor productivity marred this performance. 
Beginning in 1969, the declining productivity of the work 
force has been an ever-increasing economic burden on the 
industry. As noted earlier, productivity began to fall,in 
underground mines first, dropping from 2.3 to 1.3 T/Wh between 
1969 and 1979. Surface mining productivity peaked at 4.7 T/Wh 
in 1970, remained constant until 1973, and then turned down- 
ward--dropping to 3.2 T/Wh by 1979. 

Although the overall decline in productivity has been 
steady, it varies among individual States. Most States 
realized declines of 30 to 50 percent between 1969 and 1978, 
but a few States were affected less. These are Western States 
where surface mines with 90- to 100-foot coal seams and pro- 
ductivity from 6.3 to 12.5 T/Wh or more are the norm. For 
example, Montana had a 52 percent increase, while Wyoming 
suffered only an,ll-percent decline. These changes in.produc- 
tivity reflect the increasing dominance of large surface mines 
in both States. In Montana, there were five surface and seven 
underground operations in 1969; in 1976, there were eight 
surface and no underground operations. In Wyoming, the number 
of surface mines rose from 8 in 1969 to 17 in 1976 while the 
number of underground mines remained constant at 4. 

Productivity in the six largest underground coal produc- 
tion States declined by 30 to 50 percent between 1969 and 
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1978. Underground productivity for the industry as a whole 
declined 45 percent during the period. Productivity started 
to fall at about the same time in all large coal mining States. 
The small differences in decline rates among States are due 
to the local factors (geology, technology, labor force, etc.) 
which explain differences between State productivity levels 
before 1969. 

The opposite is true of surface mining. Here the data 
indicate that surface productivity was more sensitive to 
State-specific factors. Surface mining productivity declined 
at widely varying rates across States, but more importantly, 
the year the decline began varies. In Indiana and West 
Virginia the decline began in 1969, but in Pennsylvania pro- 
ductivity was still rising in 1973. In Wyoming the decline 
did not begin until 1975. Depending on the State, productiv- 
ity started to decline as early as 1966 or as late as 1975. 

The growing proportion of total production in the higher 
productivity Western States increased aggregate surface pro- 
ductivity until 1974. In 1968 the combined surface coal pro- 
duction of Wyoming and Montana accounted for only 1 percent 
of strip-mined coal. This increased to 15 percent by 1974 
and to 30 percent in 1978. This expanding proportion of pro- 
duction combined with substantial increases in these States' 
productivity led to increasing aggregate surface mining pro- 
ductivity even though productivity was declining in most 
Eastern and Midwestern States. If the shift West had not 
occurred, combined surface productivity 'would have been 21 
percent lower than it actually was in 1974. In 1978 it would 
have been 44 percent less. 

WHAT DETERMINES PRODUCTIVITY? 

In any industry the major determinants of productivity 
can be divided into those which are part of the production 
process itself and those which are imposed on the production 
process from the outside. . 

For coal mining, the existing resource base, labor force, 
and production technology are the important factors in the 
first group; State and Federal laws, union agreements, and 
industry structure in the second. To make recommendations 
aimed at increasing productivity, one must determine how these 
factors currently influence productivity. Such insight also 
enables better understanding of how changing factors have 
caused the drop in productivity since 1969. 

These factors have been named as possible culprits caus- 
ing low labor productivity in the coal industry by individuals 
in industry, labor, government, and academia. The hypothesized 
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causes can be categorized as 1) increased Federal and State 
regulation, 2) a changing labor force, 3) changing production 
technology, 4) a deteriorating resource base, and 5) changes 
in industry structure. 

Government regulation 

Increasing productivity during 1950-69 greatly reduced 
labor costs per ton of coal. But as productivity rose, so 
did the health and safetv costs of mining. 3 

d 
In 1969, the 

Congress passed the Federal Coal Mine Healt and Safety Act (P.L. 
91-173) in an attempt to reduce these social costs. This law 
authorized the promulgation of stringent mandatory health 
and safety standards and their enforcement. Title IV of the 
act, as amended by the Black Lung Benefits Act of 1972 (P.L. 
92-303), created a black lung benefit program. The act was 
further amended in 1977, authorizing improved standards and 
enforcement, mandatory health and safety training, and trans- 
ferring the mine safety and health function to the Department 
of Labor, Mine Safety and Health Administration (MSHA). This 
act is the Federal law most frequently cited by industry as 
causing the decline in underground mining productivity. 

However, mine safety and health regulation may also im- 
prove mining productivity in that healthy workers will produce 
more, have less injuries, and spend less time repairing damage 
caused by accidents or unsafe conditions. In addition, safer 
and more pleasant working conditions may improve worker atti- 
tudes and thus productivity. 

Surface mining has also been the target of laws designed 
to cut social and environmental costs. Since 1966, several 
States passed tough surface mining reclamation laws. These 
laws required mine operators to reclaim the land and control 
water runoff. Many coal operators feel that the additional 
personnel involved in reclamation work has reduced productiv- 
ity substantially. . 

Labor force 

Between 1950 and 1969, labor-management relations were 
stable, and experienced miners were readily available. HOW- 
ever, the pool of unemployed labor which existed during the 
1950s and 1960s had disappeared by 1969. As the industry ex- 
panded, employment increased from 123,000 in 1969 to 207,000 
in 1977. At the same time, union-management relations became 
increasingly strained. This was probably due to increasing 
awareness of poor safety conditions and a belief by the union 
membership that they had been "sold out" by their leadership 
in the late 1950s and early 1960s. As a result, since 1969 
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the industry has been confronted with an .increasing number 
of inexperienced young miners, numerous strikes and slowdowns, 
and poor worker morale, all of which have been pointed to by 
people in the industry as lowering productivity. 

In addition, the provisions of the 1974 labor contract 
between the UMW and the Bituminous Coal Operator's Association 
(BCOA) added helpers to occupations such as continuous mining 
machine operators and roof bolters. In some cases, such 
requirements may have added to the number of workers needed 
without a proportional increase in production, thus leading to 
declining productivity. 

Production techniques 

Many coal experts feel that most of the opportunities 
for increasing productivity through mechanization of mining 
techniques employed in underground coal mines were already 
realized by 1969. Three primary types of mining methods are 
employed in underground mines; conventional, continuous, and 
longwall. Many mines employ more than one of these techniques. 
For surface mining, either drag lines, shovels, or bulldozers 
are used depending on the geology and topography of the area. 

Available data indicate that technical innovation slowed 
in both underground and surface mines in the late 1960s. 
Neither underground nor surface technologies have changed 
significantly in scale or concept. In addition, by 1969 al- 
most 96 percent of underground coal production was mechanic- 
ally loaded. 

Resource base 

The physical characteristics of the coal seams being 
mined help determine overall productivity. Topography, seam 
thickness and depth, overburden ratio, roof and floor condi- 
tions, and the presence of gas or water all influence the 
amount of production and type of equipment being used. Ex- 
panding output may lead to mining less productive seams and 
a drop in labor productivity. In some cases, the negative 
influences cannot be compensated for by substituting more 
advanced technology since the poorer working conditions them- 
selves may be a constraint on the type of equipment used. 

Seam quality may have deteriorated during the 1970s either 
through the expansion of existing mines.or the opening of new 
mine8.i.n less favorable seams. 
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Industry structure 

The forces changing the coal industry since 1969 include 
increases in both demand and prices. Higher prices have 
enabled new mines or previously inactive mines to enter the 
industry. These mines may lower productivity in two ways. 
First, many of the new entries may be small, inefficient 
operations which could not cover operating costs at lower 
price levels. As they enter the industry, aggregate produc- 
tivity will decline. Second, it takes from 3 to 5 years for 
a surface mine and up to 7 years for an underground mine to 
reach full production. During the first few years a large 
portion of available labor may be spent on mine development 
rather than production and productivity will be low. 

OBJECTIVES, SCOPE, AND METHODOLOGY 

The possible explanations for declining productivity 
listed above are based mainly on the opinions of individuals 
familiar with the coal industry. We decided to analyze pro- 
ductivity at the individual mine level because we felt that 
the complex factors affecting productivity can best be under- 
stood only by examining individual mines. 

The quantitative studies conducted in the past have relied 
mainly on aggregate State data. State level data consists of 
the summation or averaging of information on all reporting 
mines within a given State. Using State data hides or dilutes 
the impact that each individual factor has on productivity 
because it is averaged across many mines. Therefore, these 
studies' usefulness in analyzing how individual factors affect 
productivity is limited. 

Our research was divided into two phases--an examination 
of individual mines by auditors in the field and a quantita- 
tive analysis of an extensive mine data base. 

We visited 26 underground and 18 surfac'e mines in 7 
States. At each mine we interviewed a company representative, 
mine foreman, union representative, and safety representative 
if available. In addition, interviews were conducted with 
officers of six Mine Safety and Health Administration districts 
and numerous other government and private officials. We ob- 
tained information on changes occurring over the last 10 years 
in the areas of geology, technology, government regulation, 
and labor force characteristics which may have had an impact 
on mining productivity. The interviews produced a substantial 
amount of information on those factors determining productiv- 
ity levels within a mine. This information is based on indi- 
vidual mine experience and is an important component of our 
analysis. 
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The quantitative analysis involved advanced statistical 
techniques applied to a large computerized data base. The 
data conaieted of rpecific information on all surface and 
underground coal min.8 operating between 1972 and 1977.* 
They were gathered primarily from the Department of Energy, 
Mine Safety and Health Administration and the UMW. The 
data baoe war constructed with MSHA production and employment 
data representing the universe of producing mines.** These 
items were supplemented by data on technology, age of workers, 
geological conditions, accident and .injury experience, and 
MSHA enforcement activities. The Bureau of Labor Statistics 
(BLS) also performed an analysis of labor turnover in mines 
under our direction. 

A word of caution must be expressed concerning the quan- 
titative result8 contained in the report. Although based on 
accepted economic theory and econometric techniques, the 
result8 muet be viewed as estimates of the production relation- 
ship* which exirt in coal mines. As with all models, a certain 
variance from the true value of the variable being estimated 
may exiet. All the quantitative results cited in the report 
were etatietically significant at the 95 percent level or 
better. 

The results of our research are presented in the follow- 
ing order: Chapter 2 is a discussion of labor management re- 
lations in the coal industry. Chapter 3 focuses on Federal 
mine health and rafety laws followed by a discussion of State 
reclamation law8. Chapter 4 examines coal industry technology, 
geological condition8 and industry structure. Chapter 5 is 
Of an examination of the productivity experience in European 
coal mining. Recommendations are presented in chapter 6. 

*A detailed description of the data and statistical techniques 
can be found in appendix I. 

**The MSHA data is based on mandatory reporting, while the DOE 
data is based on a voluntary survey. Consequently, DOE data 
are much less complete than MSHA data. 
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FOOTNOTES 

l/Oak Ridge Associated Universities, Deteminants of Coal 
Mine Labor Productivity Change (Washington, D.C.: Pub- 
Ii h d for the U.S. Department of Energy and the U.S. 
ofs&or, November 1979), pp. 17-18. 

z/Ibid. pp. 17-18. 

2/ibid. pp. 17-18. 
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LABOR-MANAGMENT RELATIONS 

AS A CAUSE OF LOW PRODUCTIVITY 

Labor-management relations in underground coal mining 
during the 1970s can be described as a struggle between two 
long-time adversaries, neither willing nor able to recogniee 
that the economic well-being of both is closely tied to the 
degree of cooperation between them. This adversary relation- 
ship has arisen through an interaction of many social, eco- 
nomic, institutional, and demographic factors. Completely 
delineating these interactions would require an analysis 
beyond the scope of this report. However, the importance 
labor has in coal productivity necessitates a review of 
the more important changes in labor management relations 
over the past 20 years. A statement by Joseph P. Brennan, 
President of the Bituminous Coal Operator's Association, 
highlighted this importance--" It is the people of coal who 
will insure that productivity is a positive rather than 
a negative input to our future. It (labor) was the pillar 
upon which the industry was able to withstand the decline 
of the 19508 and 1960s." A/ 

Labor-management problems center largely on underground 
coal mining. Surface mining is a more capital intensive 
proce88, requiring less labor per ton of coal. In many cases 
surface min ng ek 11s and work ng conditions are similar to 
those in the construction and excavating industries making 
for a larger pool of experienced workers to draw frosn. In 
addition, the majority of surface mines are not unionized and 
are less prone to work stoppages. Safer working conditions 
and high wages have resulted in a more stable work force. 
Industry officials and surface mine operators agreed that, 
except for isolated cases, surface miningoproductivity im not 
bedeviled Ly serious labor-management problems. Our analysis 
of existing data supports this view. For these reasons the 
remainder of this chapter will focus on labor relations in 
underground coal mines. 

Both the companies we talked to and considerable litera- 
ture cite deteriorating labor-management relations and work 
force quality as two of the primary causes of low productivity 
in underground coal mining. We found that productivity fell 
as friction between the work force and management increased, 
and the UMW-BCOp contract agreements changed. Labor turnover 
and age distribution of the work force has a much less sig- 
nificant impact on productivity. We fully examined one other, 
often cited cause of declining productivity--absenteeism. Un- 
fortunately, no reliable absenteeism data is available from 
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either the industry or the Government. Until the necessary 
data are collected we cannot satisfactorily examine the rela- 
tionship between productivity and absenteeism. 

CHANGING LABOR FORCE 

Talking about the changes occurring in the 1960s and 
1970s in the underground coal mining labor force means talking 
primarily about the United Mine Workers of America's organized 
mines located east of the Mississippi River. These mines 
produce the bulk of U.S. underground coal: in 1975, 87 percent 

' of underground production came from Eastern UMW mines. In 
1977, it was 80 percent. 

Of the 137,000 underground coal miners in 1976, 132,000 
or 96 percent worked east of the Mississippi River and approx- 
imately 102,000 were members of the UMW. The greater propor- 
tion of underground production by UMW miners means that UMW 
mines are mainly larger mines. Although the UMW share of 
coal production dropped from 73 percent in 1968 to 48 percent 
in 1977, the union still dominates the underground sector with 
81 percent of all underground production. 

The underground work force of the 19708, when compared 
to their peers of the 19608, are younger, better educated, 
but less experienced. As discussed earlier, during the 1950s 
and 1960s the coal industry survived a period of slack demand 
and low prices through increased mechanization and workforce 
reductions. The number of underground coal miners dropped from 
373,093 in 1950; to 133,302 by 1969. This decline resulted 
in an older, more experienced, and more productive work force 
than we have today. The average age of miners remained con- 
stant at approximately 46 between 1961 and 1967. 

Since 1969, underground employment steadily increased, 
reaching 141,400 in 1977. Approximately 100,000 new miners 
have been hired to replace those retiring and to meet addi- 
tional manpower requirements caused by increased production, 
the need to comply with new health and safety regulations, and 
new union contract provisions. This influx led to a drastic 
change in the age of underground coal miners. In 1967, only 
11 percent of all UMW coal miners were under age 30, 33 
percent were between 30 and 44, and 56 percent were 45 or 
older. By 1976, 40 percent were under 30, 32 percent were 
between 30 and 44, and 28 percent were 45 or older. Not-only 
were these miners younger, but they were'better educated. In 
1970, the average miner had 8.1 years of schooling. In con- 
trast, 70 percent of new miners entering the industry in 1975 
had at least a high school education. 2/ 
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The influx of new miners has also meant a lower overall 
level of mining experience. By 1970 the pool of experienced 
unemployed miners created by the layoffs of the early 1960s 
had disappeared through retirement and occupational change. 
As mining expanded the industry was forced to hire inexperi- 
enced miners. By 1976 the majority of underground coal miners 
(63 percent) had less than 6 years of experience in the mine. z/ 

CHANGING MANAGEMENT CHARACTERISTICS 

The U.S. coal industry is a workably competitive indus- 
try. A/ Under these conditions a company's primary concern is 
to produce coal at lowest cost. This is especially true when 
demand for the product is declining as coal demand was during 
the 1950s and 1960s. With declining demand and low prices, 
only those operators with firm control over the production 
process could survive. During that period the UMW cooperated 
with the coal operators and gave them the free hand needed 
to survive depressed market conditions. 2/ 

Since 1970, however, these cost minimizing objectives 
have run counter to union objectives of higher wages, greater 
health and retirement benefits, job security, and safer 
working conditions. The coal operators' desire to retain the 
same degree of control over operations they had in the 1950s 
and 1960s clashed both with the restrictions imposed on them 
by the Mine Health and Safety Act and the UMW demands for more 
safety, job security, and job rights. Management felt that 
UMW demands and Federal regulations impeded their ability to 
make the decisions needed for economic coal production. 5/ 

As demand and prices increased in the 197Os, however, 
the resulting increase in profits made companies more willing 
to grant concessions to the UMW. The 1974 contract agreement 
contained, among other things, unprecedented wage gains, cost 
of living increases, and paid sick leave along with provisions 
for training, the right of a miner to leave an area he feels 
is unsafe, and a revamped grievance procedure. The operators 
hoped these concessions would return the stability'of the work- 
force that was lost after 1970. z/ 

CHANGING LABOR-MANAGEMENT RELATIONS 
AND THEIR INFLUENCE ON PRODUCTIVITY 

As the words imply, "Labor-Management Relations" are an 
interaction of two distinct parties. The previous section 
discussed some of the more fundamental changes that have 
occurred within labor and management over the past decade. In 
this section we discuss what effects these changes have had 
on the quality of labor-management relations and productivity. 
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Aqe, experience, and education 

Experience and education levels are closely tied ta the 
influx of younger miner8 into the coal industry since 1968. 
These new miners were better educated than older workers which 
mey be a positive attribute. The average age of miners has 
declined and so has the level of experience. One would expect 
that the declining age of miners would hav,e a negative effect 
on experience and labor productivity. 

An examination of those underground mines included in 
our statistical analysis revealed, however, that mines in which 
a large portion of the workforce is young do not have 
lower than average productivity. Those mines with 40 percent 
or more of their workforce 25 years old or less had an average 
productivity of 1.4 T/Wh in 1977 as opposed to a national 
average of 1.3 T/Wh. The productivity of these underground 
mines ranged from 3.2 T/Wh to .5 T/Wh. Similar productivity 
levels were achieved by those mines whose workforce had a 
more even age distribution. This indicates that little if 
any relationship exists between the age distribution of the 
workforce and productivity. Our statistical analysis con- 
firmed that no relationship existed between a younger work- 
force and low productivity. 

There are several possible explanations for these results. 
Young miners have positive characteristics such as more educa- 
tion which may offset their inexperience. Also, several coal 
officials surveyed noted that although the influx of a large 
number of miners in the late 1960s and early 1970s caused 
problems then, they have now gained the exp-erienced needed 
to be efficient. 

A recent study by Oak Ridge Associated Universities for 
the Departments of Energy and Labor adds support to our 
findings. They found a sli,ght positive influence from the 
change in age distribution on productivity. 8/ This indicates 
that other positive factors such as educatios may be more 
important than age or experience. 

Work attitudes and motivations 

Management has described the younger miners entering the 
work force as lacking the motivation and work ethic held by 
older miners. The majority of managers interviewed by US 
felt this was true for at least some younger miners. Such 
intangible assessments, however, are hard, if not impossible, 
to prove or disprove. What may be viewed by management am 
poor work habits is in turn justified by labor as a rational 
reaction to unsafe conditions and poor management in under- 
ground coal mines. 
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Job absenteeism and turnover are generally considered 
to br important indicators of worker satisfaction or alien- 
ation. Coal operatore point to high rates of absenteeism 
in their mines as evidence that today's younger miners lack 
basic work ethica. Absenteeism rates of 17 to 20 percent are 
often quoted. The underground mines we visited reported 
absenteeism rates from 15 to 20 percent. Labor and management 
at l arve 

1 
ed 

is a 
union mines almost always agreed that absenteeism 

ser ous problem and is more prevalent now than previously. 

The main reasons management gave for increased absentee- 
iom were that (1) younger miners do not suffer economically by 
missing one day per week. Union wages are high enough that a 
worker can live comfortably by working only four days per week. 
Therefore, he can ',afford" to be absent* and (2) prevailing 
attitudes of the younger inexperienced miners cause increased 
abmenteeiam. Mine officials told us the younger miners are 
not committed to the rigorous work coal mining requires. 

UMW officials we interviewed felt a large part of the 
abrenteeiem problem stems from management practices and poor 
working conditions rather than changes in the views coal 
miners have toward work. They felt increasing overtime work 
is directly related to the rate of absenteeism. One UMW offi- 
cial stated that a miner who is forced to work for 5 or 6 days 
straight in the cramped and wet conditions often found in 
mine8 needs a day off for his mental and physical health. 
They also said the practice of shift rotation, which is fol- 
lowed by some companies, especially in Pennsylvania, is dis- 
ruptive to a miner's home life. A miner may also miss work, 
they said, because he feels that mine conditions are unsafe, 
but does not want to get in trouble with management. 

Obviously, the views of labor and management differ on 
what cause8 high absenteeism. However, they agree that it is 
presently a problem. A July 1976 study conducted by the 
Westinghouse Behavioral Services Center for the National 
Institute of Occupational Safety and Health (NIOSH) which 
surveyed a total of 1,061 individuals** from union, management 
and labor, found that all groups felt that too much absentee- 
ism was a problem in their mine. z/ 

*Thib is reinforced by the overtime system used in union 
mines (being paid if an unscheduled day is worked, even if 
total hours worked are less than 40). 

**Individuals included 612 underground miners, 156 surface 
miners, 54 union officials, 102 foreman, 27 safety directors, 
and 32 managers. 
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We found little hard data on the amount of absenteeism 
in the coal industry, its root causes, or whether it has 
changed over time. Moat absenteeism rates quoted by the coal 
industry do not give a clear definition of what is included 
in the rate. For example, one mine we visited claimed an ab- 
senteeism rate of 18.4 percent in February of 1977. However, 
their definition of absenteeism included vacations, holidays, 
sick leave, and other excused absences. Since excused absences 
for these reasons should average about 10.8 percent, the rate 
of unexcused absenteeism equaled 7.6 percent. In 1977, BLS 
began to publish absenteeism data for the coal industry based 
on a survey conducted in May of each year. The percent of 
absences due to illness and other miscellaneous personal rea- 
sons as a percent of all workers for the coal industry was 
7.9 percent for the month of May 1977. For May 1978, it 
was 5.3 percent. lO/ Vacations, holidays, labor disputes 
and weather accouzed for 10.2 percent in 1977 and 4.8 percent 
in 1978. The percent of total workers absent for all reasons 
was 18.1 percent in May 1977 and 10.1 percent in May 1978. 
In comparison, all U.S. manufacturing realized a total absen- 
teeism rate of 10.7 percent in May 1977 and 10.3 percent 
in May 1978 while the rates for all mining sat at 12.8 and 
8.7 percent. ll/ The drop in the BLS coal absenteeism figures 
between 1977 and 1978 is probably due to the fact that in 
May 1978 the industry had just experienced a long strike and 
workers were working hard to make up lost wages. Also, the 
number of work stoppages have dropped off noticeably since 
the 1978 contract was signed. 

The BLS data do not report unexcused absences. A rough 
estimate can be made for UMW mines, however, .if we assume that 
240 days are worked per year and that the average underground 
miner is 35 years old with 12 years’ experience.* Using these 
assumptions the amount of excused absences should be about 10 
to 11 percent.** The rate of unexcused absences in May of 
1977 would, therefore, have been somewhere around 7 percent. 

The conclusion is that the coal industry does in fact have 
a problem with high absenteeism. This is especially true for 
unexcused absences which we estimate to average about 6 to 7 

*lO days vacation plus 7 days for 12 years experience. 

**Sick Leave = 5 days 
Float Days = 4 days 
Regular Vacation = 17 days 

zti Total sick and vacation leave 
26/240 = 11 percent. 
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percent in underground mines. Available data also indicate 
that absenteeism is more prevalent in the coal industry than 
in other U.S. industries. We must stress, however, that the 
data available is quite limited. Given this lack of detailed 
comparable data over time we could not determine the change 
in absenteeism or its overall impact on productivity. 

The management of those union mines we visifed 
considered absenteeism the most significant factor impacting 
productivity because unexpected absenteeism forces the mine 
operator to shuffle his work force to fill vacant positions. 
The workers who fill these positions may be less experienced 
in assigned tasks. Also coal production is a team effort. 
When a new individual replaces a member of the team, there is 
less cohesiveness and productivity suffers. 

In extreme cases, entire sections of a mine must be 
closed because of absenteeism. At one mine surveyed the 
superintendent told us he had hired a special 40-man work 
force to fill positions left vacant by absentees. 

The evidence for or against a relationship between the 
past decline in labor productivity and increasing absenteeism 
is inconclusive. A strong indication, based on the opinion of 
the majority of individuals contacted by us, is that high absen- 
teeism presently contributes to low productivity in under- 
ground mines. Absenteeism may or may not have contributed 
to past productivity declines. It is a promising area for 
possible productivity improvements in the future. 

Labor turnover can also be viewed as an indication of 
worker discontent. Our survey of mines revealed a low level 
of labor turnover at both union and non-union mines. Very 
few miners are fired and those that leave do so for the same 
reasons as people in other industries--advancement, better 
working conditions, school, etc. Nor ha's the number of 
separations in surveyed mines increased during the 1970s. 
Despite greater labor-management conflict in recent years, 
the labor turnover rate has remained essentially unchanged. 
The "separation rate" --the total rate of layoffs, firings, 
quits, and other separations --was no higher in 1979 than in 
1968. The same is true of the "accession rate"--the total 
rate of new hires, call backs, and other accessions. 

The BLS collects labor turnover data on a large number 
of coal mining establishments. An "establishment" may be a 
single mine or several mines under central administrative 
control. BLS combined the productivity figures we supplied 
with this turnover data for the 1972-77 period and performed 
statistical analyses of the combined data under our direction. 
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After separating underground and surface mines, we 
examined the effects that the accession and separation rates-- 
and their components--had on productivity. We did not find 
any relationship between productivity and the accession rate 
in underground mines, but rising separation rates exerted a 
small negative influence on productivity. More precisely, we 
found that a lo-percent increase in the separation rate was 
associated with a 2-percent drop in underground labor produc- 
tivity. However, the strength of this association was low, so 
about the most that can be said is that a higher separation 
rate has a slight negative effect on underground productivity. 
No other form of turnover had a noticeable effect on under- 
ground mining. These statistical results coincide with the 
opinions of mine operators we questioned. They indicated that 
labor turnover has not had a noticeable effect on productivity. 

Strikes 

Both the BCOA and UMW argue that a close association 
exists between the decreasing age and experience of coal 
miners and the increased instability in labor-management 
relations since 1970. The younger miners are more independent 
and vocal and place more importance on safety. This can be 
seen through an examination of both the changes which took 
place within the UMW and the agreements reached between the 
BCOA and UMW, especially in the 1974 contract. 

During the 1950s and 1960s John L. Lewis exercised strong 
control over the UMW. This authority assured the stability 
of a shrinking work force while the industry went through a 
process of mechanization. Strike activity declined sharply in 
the 195Os, remained at a low level from 1960 until 1967, and 
then began to increase in 1968. By 1970, rank and file 
workers had become discontented with their working conditions, 
wage levels, and lack of influence in UMW'matters. Although 
wages had increased substantially during the 19609, they 
failed to keep pace with the wages of workers in comparable 
industries. Accidents and injuries were unacceptably high, 
and rising dust levels resulted in thousands of miners being 
affected with black lung disease. An increasing number of UMW 
members felt that the price paid for the UMW-BCOA agreement 
for mechanization and labor stability during the 1960s was 
too high, and this led to more strikes and a movement to demo- 
cratize the UMW. 

Table 1 contains the most recent data available on work 
stoppages for the entire bituminous coal mining industry. 
Individual data on stoppages for underground and surface mines 
is not available. The number of work stoppages increased 
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substantially from 266 in 1968 to 1,039 in 1973 and remained 
at high levels through 1977. The number of strikes fell off 
in 1978; however, man-days idle almost doubled. This is due 
largely to the long UMWA coal strike which began in December 
1977 and ran into March of 1978. 

A distinction must be made between those strikes that 
occur while renegotiating a contract and those that occur 
during the terms of a contract (wildcat strike). Over 98 
percent of all strikes between 1969 and 1976 have been wildcat 
strikes. This high incidence of mid-contract strikes contin- 
ued through 1977. 

Examining the reasons for wildcat strikes gives a perspec- 
tive on the conflicts between labor and management. Issues in- 
volving general management (job bidding, overtime, vacations, 
delay of pay, etc.) account for the largest number of wildcat 
strikes, 32 percent in 1970 and 29 percent in 1974.* Safety 
issues accounted for 8 percent in 1970 and 13 in 1974. Wild- 
cat strikes over general working conditions increased from 
7 percent in 1970 to 10 percent in 1974. Strikes based on 
discipline or discharge remained constant at around 9 to 10 
percent while conflicts over work assignments rose from 6 
percent to 8 percent. In contrast, job security related 
strikes declined from 15 to 7 percent. 12/ The increase in 
the number of strikes caused by safety and work conditions 
indicates that the workers were becoming more aware of the 
hazards associated with coal mining and were pressing opera- 
tors to make improvements. The proportion of strikes related 
to discipline and discharge issues may reflect the unrest and 
youth of the work force: however, no other evidence supports 
this. Continued dissatisfaction with working conditions, 
policy differences within the Union's leadership, and diffi- 
culties with the new grievance procedure established in the 
1974 Union contract have caused many strikes since 1974. A 
study of strike activity conducted for the National Science 
Foundation (NSF) gives some additional insight into the causes 
of wildcat strikes. 13/ The study's main conclusion was that a 
mine management that‘fails in human relations--particularly in 
communicating with employees and in handlng their grievances-- 
will be plagued with wildcat strikes. 

*Comparable data for later years was not available. 
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Table 1 

National Bituminous Coal Mininq Work Stoppages 1960-79 

Year No. of Strikes workers Involved Man-days Idle 
(note a) 

1960 120 37,200 
1961 117 25,100 
1962 121 34,300 
1963 131 38,000 
1964 111 56,000 
1965 145 62,600 
1966 160 88,100 
1967 207 62,900 
1968 266 206,400 
1969 457 206,000 
1970 500 198,600 
1971 606 350,700 
1972 963 256,000 
1973 1,039 289,800 
1974 996 459,900 
1975 1,139 387,200 
1976 1,383 506,900 
1977 958 649,800 
1978 250 108,300 
1979 414 138,400 

137,000 
90,700 

191,000 
234,000 
340,000 
258,000 
629,000 
158,000 
956,600 
900,600 
627,000 

4,215,100 
562,400 
559,900 

3,310,100 
1,501,300 
1,980,OOO 
5,628,300 
9,946,400 

320,100 

SOURCE: U.S. Department of Labor, Bureau of Labor Statistics. 

a/Workers are counted more than once if involved in more than 
one work stoppage per year. 

Other findings included: . 

--Mine superintendents at low strike mines spend substan- 
tially more time dealing directly with miners and their 
representatives than did superintendents at high strike 
mines. 

--Miners at high strike mines believed it was necessary 
to strike to get management to listen to them. 

--The miners' biggest (90 percent of those surveyed) com- 
plaints focused on excessive delays in the grievance 
procedure. At high strike mines there was less evidence 
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of serious effort on management's part to resolve 
grievances short of arbitration. 

--Large mines were more susceptible to wildcat strikes 
than small mines. Dealings between management and 
labor may be less frequent and more impersonal at 
large mines and the resolution of grievances may also 
be delayed. 

--There is no evidence that young miners tend to insti- 
gate or support strikes more frequently than older 
miners. 

A substantial portion of wildcat strikes stem from dis- 
agreements over the provisions contained within the UMW con- 
tract such as job bidding and grievance procedures. Contracts 
were negotiated between the UMW and BCOA in 1974 and 1978. 

The UMW came to the 1974 bargaining table with two basic 
objectives: (1) to make up for ground lost over the past 30 
years in the area of wage, medical, and other benefits and (2) 
to work out new terms for the future handling of grievances. 
The BCOA on the other hand hoped to achieve greater labor 
stability through major wage and benefit concessions. On 
November 12, 1974, the UMW struck and 120,000 miners walked 
off the job. On December 12, a new contract was signed that 
included, among other things, the following: 

--Increases in wages and vacations, 

--Addition of helpers to certain work crews, 

--Sick leave and sickness and accident benefits, 

--Revisions to job training requirements, 

--The right for miners to withdraw from any 
area they considered unsafe, and 

--Revamped grievance procedures. 

The union failed to obtain the right to strike over local 
grievances, including safety matters. 141 - 

The many strikes after 1974 were an indication that BCOA 
had failed in its effort to obtain labor stability. At the 
1977 contract negotiations, the companies stated they wanted 
a contract that would promote labor stability, increase pro- 
ductivity and remove what they characterized as restrictive 
work practices. g/ Related to this was their concern for 
greater management control over labor at the minesite, reducing 
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absenteeism, curbing wildcat strikes, and increasing produc- 
tivity through the use of production incentive programs. 

UMW members went on strike December 6, 1977. The strike 
lasted 109 days. Neither the BCOA or UMW members were satis- 
fied with the final agreement. The 1978 contract contained 
among other things: 

--The right of the employer, based on arbitration review 
board decisions, to discipline employees who promote 
or participate in wildcat strikes. 

--Revamped grievance procedure. A section foreman now 
has the authority to settle a dispute at the mine 
within 24 hours. 

--Operator can adopt production incentive plans subject 
to a majority vote by miners. 

--An employee-developed orientation program of not less 
than 4 days for inexperienced miners and 1 day for 
experienced miners. The trainee period for new miners 
was cut from 90 to. 45 days. 

--Wage increases of an average 31 percent in the first 
year and a $0.30 maximum per hour raise ,in the second 
and third year. 

The 1974 contract terms on safety and health remained in 
force as did the operators right to operate the mine 6 days a 
week. The RCOA push for a stronger hand by the operator in 
disciplining wildcat strikes failed in that a miner can appeal 
to the Arbitration Board. 16/ - 

It is difficult to determine the impact of the 1978 
contract on long-term labor-management stability. Wildcat 
strikes have fallen off 90 percent since the signing of the 
contract, 
tion, 

indicating a return to greater stability. In addi- 
according to the President's Commission on Coal, there 

are increasing signs of improvement in labor relations. They 
report significant progress in improving labor relations 
through joint and separate meetings with officials of the UMWA 
and BCOA. However, it is questionable if long-term stability 
has been assured. Much of the decline in strike activity 
may be due to the fact that the 1977 strike, which lasted 
109 days, left most UMW members financially strapped and thus 
having little desire to lose any additional work time. In 
addition, almost 20,000 Appalachian miners were laid off 
during 1978 due to depressed coal demand. Most important, 
however, is the factSthat neither the BCOA or UMWA were 
satisfied with the last contract. Much of the conflict 
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between the two parties is based on perceptions of one 
another which have developed through years of hostilities. 
Long-term stability will require basic changes in the views 
of management and labor towards each other." The increased 
communication between the two parties reported by the Coal 
Commission is a step in the right direction. 

Technically, strikes themselves do not cause a loss in 
productivity. When mines close, both production and manhours 
are lost, thus productivity is not affected. Our survey of 
mines also indicated that little production time is lost 
before or after a strike. This is especially true of short 
strikes. Thus, strikes themselves do not cause a decline in 
productivity but rather reflect the underlying degree of dis- 
content between labor and management. The number of wildcat 
strikes in a mine can, therefore, be used as a indicator of 
the overall quality of labor-management relations. 

Figure I shows the change in underground productivity 
and the number of work stoppages. As can be seen, produc- 
tivity since 1969 had an inverse relationship to the number 
of work stoppages. However, a 4-year gap exists between when 
work stoppages begin to turn upward in 1965 and the reversal 
in productivity in 1969, thus the relationship is not exact. 
It should be noted, however, that 1968 is the first year since 
1960 that the coal industry experienced a substantial increase 
in both the number of workers involved and worker-days idle 
due to strikes (see table 1). The number of wildcat strikes 
reached the 4000to SOO-per-year range in 19690-the first time 
since the early 1950s. This indicates that some threshold 
exists above which poor labor-management relations, as re- 
flected by the number of strikes and miners involved, begins 
to have a negative effect on labor productivity. The number 
of strikes dropped from 1383 in 1976, to 958 in 1977, and to 
250 in 1978. At the same time underground productivity has 
remained relatively constant. The decrease in work stoppages 
may herald at least some moderation in Ahe trend of decline. ' 

While the number of work stoppages can be used as a 
measure of the overall quality of labor management relations, 
the data on the number of wildcat strikes is not available on 
a mine by mine basis and so could not be incorporated directly 
into our mine level analysis. State level data is available 
from BLS, however, and was used by Oak Ridge Associated Univer- 
sities (ORA) in their analysis. 17/ Using the percentage of 
total miner shifts lost to wildcx strikes in each State in 
a given year as a measure of labor discontent they found that 
work stoppages had a strong damaging effect on productivity 
during the 1970s. ORA found that 25 percent of the productiv- 
ity lost between 1970 and 1975 was due to conflict between 
labor and management. 
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Union contract provisions 

Industry officials and mine operators point to certain 
provisions of past labor-management contracts as a cause of 
lower productivity. These include the requirement for helpers 
on face equipment, job bidding, and lack of production incen- 
tive plans.. 

Helpers 

The 1974 UMW contract required helpers on face equipment 
in underground mines.* 

Mine operators claim that the additional workers do not 
incream production so productivity declines. Union officials 
on the other hand, feel that the additional helpers add to 
both the safety and productivity of the mine. They point out 
that the helper on the continuous miner serves a useful pur- 
pose by moving trailing cables and hanging ventilation cur- 
tains. Before, the machine operator had to stop cutting coal 
and perform these tasks. Also,.the helper is in effect an 
apprentice machine operator who is trained during the first 
120 days to operate the machine safely. After 120 days the 
helper becomes a certified operator and continues to work 
with the more experienced operator until an opening for a 
machine operator becomes available. 

Am8essing the productivity impact of additional helpers 
on underground mining sections is difficult. However, we can 
get a rough idea of the effect by using aggregate data. In 
1978, the Mining Enforcement and Safety Administration (MESA), 
of the Department of the Interior issued data on employment by 
occupation in both surface and underground mines from 1972 to 
1976. 18/ Applying these data to MSHA production and manhour 
data, WQ arrived at an estimated productivity decline due to 
the helper requirement. In 1974, 8,782 miners were classified 
by the Department as continuous miner operators and helpers 
and 8,309 as roofbolter operators and helpers. In 1975, these 
increased to 10,723 continuous miner operators and helpers 
and 11,770 roof bolters and helpers. These represent 22 and 
42 percent increases. The larger percent increase in the 
roofbolters and helpers reflects the fact that roof bolting 
machines are used in both continuous and conventional mining 
sections. Assuming that an underground miner worked an aver- 
age of 1,727 hours in 1975, this increase of 1,941 continuous 
miner operators and helpers equates to an additional 3,352,107 

*Exceptions are casea in which a twin-boom roofbolter is 
employed; or when two roofbolting machines are assigned 
to work in a single space: or, when a continuous miner 
is used with a loading machine. 
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worker hours in 1975. In 1975, miners worked 210,474,994 
hours underground and produced 278,649,145 tons of coal re- 
sulting in 1.32 T/Wh. If we subtract the additional 3,352,107 
hours expended in continuous mining sections from the total 
hours worked and recalculate productivity, we arrive at a 
figure of 1.35 T/Wh. The difference in productivity (1.35 vs. 
1.32) is 2 percent and represents the estimated maximum decline 
in productivity caused by the requirement for additional 
helpers on continuous miners. Applying the same steps to the 
additional 3,461 roofbolter operators and helpers results in 
a difference in productivity from 1.36 to 1.32 T/Wh in 1975. 
This represents an estimated 3-percent decline in productiv- 
ity caused by the requirement for helpers on roofbolter 
machines. The maximum overall decline in productivity due to 
additional helpers on both types of machinery could have been 
as much as 5 percent.* 

Of the 13-percent decline in underground productivity 
which occurred'between 1974 and 1975, a maximum of 5 percent 
could be due to the 1974 contract requirements for helpers. 

Job biddinq 

The operators we questioned mentioned job bidding as 
having a negative impact on productivity. All jobs at UMW 
mines are filled by job-bidding in accordance with the proce- 
dures specified in the Wage Agreement. When a position 
becomes vacant, management posts the job vacancy in a con- 
spicuous location for 7 calendar days or not less than 5 pro- 
duction days. Any employee who believes he has the ability 
to perform the work described in the vacancy is entitled to 
bid on the job. Within 5 production days after the end of 
the posting period, the company must select the senior em- 
ployee having the ability to perform the work. 

Most coal companies indicated that job bidding hurts 
productivity because the most qualified person may not be 
awarded the position. Jobs are awarded primarily on the basis 
of seniority and the ambigious criterion that the worker have 
the "ability to perform the job." Management has had little 
success in contesting a miner's ability to perform. There- 
fore, the person with the most seniority generally receives 
the job even when he is not as qualified as a miner with less 
seniority. The result is inefficiency and reduced production 
during the period the worker is learning his new job. Another 

*This estimate represents a maximum assuming that helpers 
do not increase production. While the UMW argues that 
helpers do increase production, it is impossible to deter- 
mine the actual effect on productivity with available data. 
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impact of job-bidding on productivity was felt to be the 
"domino" affect created'when a job vacancy is filled. When 
the person to whom the job is awarded moves into the new job, 
his vacant position must then be posted and filled which in 
turn leaves another vacant position to be posted and filled. 
This process may involve filling five or six jobs. Each per- 
son moving to a new position must receive on-the-job training 
or experience before he reaches peak proficiency. The result 
is decreased production because more time, which otherwise 
could have been spent producing coal, must be committed to 
training. 

UMW officials disagreed with this. They felt that a new 
miner entering the industry may bid on two or three different 
jobs until he finds one he likes and stays there. They 
did not believe job bidding caused the confusion or decline 
in productivity noted by management officials. 

No data are available on the number of times jobs are 
filled through job bidding. The union contract states that 
a worker must work 12 months after his last job change before 
he can bid on a job that carries the same or lower wage scale; 
no time limit is set on a job that carries a higher wage rate. 

Although the argument that job bidding leads to a decline 
in productivity has a surface plausibility, no solid evidence 
exists for or against it. All industries have occupational mobil- 
ity mechanisms. In addition, the domino affect caused by job 
bidding would exist even if management were free to pick the 
candidate. We could find no evidence why job bidding in the 
coal industry should be more disruptive than occupational 
changes in other industries. 

Incentive plans 

Since incentive plans have not been in widespread use 
they have no direct relationship to the decline in underground 
productivity.* To be economically beneficial and socially 
acceptable, they must incorporate elements of both safety 
and production. 

Coal companies were given the right to institute bonus 
incentive plans under the 1978 wage agreement. These plans 
must be approved by a majority of voting miners before they 
are adopted. The contract stipulates that only monetary 

*Incentive plans usually consist of a monetary bonus paid 
for achieving a certain level of production. Such bonuses 
may also be tied to other factors such as safety, 
productivity, absenteeism, etc. 
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incentives can be used but does not specify what the bonus 
can be tied to (production, productivity, safety). It does 
stipulate that the plan "not lessen safety standards as estab- 
lished by applicable laws and regulations." This right to 
present a bonus incentive plan to the workers was seen as a 
major industry gain by BCOA. According to a BCOA spokesman 
"we felt it would help productivity and stability across the 
board." 19/ The UMW had formerly been opposed to incentive 
plans mainly because they feared the result would be increased 
accidents and injuries. Shortcuts in work procedures to earn 
a bonus could create an unsafe atmosphere. 

Since most BCOA companies have just recently begun to 
experiment with incentive plans, only a limited amount of 
information on productivity or safety impacts exist. By 
mid-1979 only six BCOA companies, operating 30 mines, had 
filed plans with the UMW. In July 1978, Consolidation Coal 
Co. introduced production incentive Plans in four underground 
mines. The programs included both production and safety 
bonuses. Under the program a worker could double his annual 
earnings if he achievpd his production target with a perfect 
safety record. One mine reported a 17-percent increase in 
production while maintaining a satisfactory safety record. E/ 

Even though it is unionized, Amherst Coal Company has 
been operating a production incentive program at itsmines 
since 1973. Production incentives are set based 
on the production characteristics of an individual mine. The, 
company reports that when incentive quotas are met, production 
can be increased 40 percent. Both union and management like 
the plan which was officially approved after the 1978 wage 
agreement. According to a company official, safety is not 
specifically addressed in the plan. The miners know that if 
a section is shut down because of unsafe conditions which they 
fail to correct, they can lose their bonus for that period. 
As a result over the last 6 years, Amhersts' safety record 
was reported to be as good as, or better than, before the 
plan was instituted. 21/ .- 

The recent experience in British mines can shed some 
additional light on incentive plans. The British National 
Coal Board instituted productivity incentive schemes in 1977. 
Since then they have reported a lo-percent improvement in face 
worker productivity for the first half of 1978 over the same 
period in 1977. According to a Board spokesman, "It's the 
only different factor. Thus, the increase can only be due 
to the incentive scheme." The bonus payments are set by a 
joint Board/Union committee at each mine based on a standard 
weekly output figure for each face team. The standards are 
reviewed every 6 months. According to the Board no increase 
in accidents can be tied to the incentive scheme. 22/ - 
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Although little data exists on the safety and 
productivity impacts of incentive plans, it seems that a well- 
designed incentive program that ties bonus payments to both 
safety and realistic production performance could reap sub- 
stantial benefits. Such a plan could also reduce absenteeism 
and improve labor-management relations. 

When designing incentive plans a company must first 
stress that safety is just as important to the'company as 
increased production. Secondly, it must convince both labor 
and management that by working together they can both benefit 
financially from producing coal safely. Finally, the company 
must set goals that both labor and management feel are reason- 
able and attainable. 

CONCLUSIONS 

We found the decline in underground productivity during 
the 1970s to be tied closely to the reduced quality of labor- 
management relations and to the 1974 contract requirements 
calling for helpers on face equipment. While the results 
proved inconclusive on the past effect of absenteeism, other 
factors such as age distribution, labor turnover, and job- 
bidding were found to have little effect on productivity. 
Incentive plans seem to be a promising way to improve produc- 
tivity. 

Since 1969 underground coal mines have experienced 
worsening labor-management relations as reflected in the 
increase in the number of strikes. Work stoppages themselves 
do not effect productivity directly. Instead, they reflect 
the level of tension between labor and management. Available 
evidence suggests a direct relationship between labor-manage- 
ment instability and productivity. A large portion of the 
decline in productivity after 1973 resulted from this increased 
tension between labor and management. 

We examined the shift to a younger'work force and the 
resulting reduction in experience levels for its impact on 
productivity. Along with the National Science Foundation 
we found no correlation between younger miners and 
low productivity. Also, the large number of young miners 
hired in the early 1970s have by now gained needed experience. 

Because data are lacking, we could not fully analyze the 
impact of absenteeism on productivity. However, the existing 
level of unexcused absence is substantially higher in coal 
than other industries. Thus, improvements in this area could 
raise future productivity. 
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Labor turnover in the coal industry has had little effect 
on productivity during the period. We found that a higher 
separation rate has a slight negative effect on underground 
productivity and that no relationship exists between product- 
ivity and the accession rate. However, the rates for both 
separations and accessions were no higher in 1979 than in 1968. 
Thus, turnover does not seem to be a problem and it need not 
change in order to improve productivity. 

The requirements for helpers on face equipment contained 
in the 1974 wage agreement was estimated to account for a 
maximum of 5 percent of the 13-percent decline in underground 
productivity during 1974-75. No support was found for the 
argument that job bidding was a factor in the decline in pro- 
ductivity. 

Finally, a well-designed incentive plan which stresses 
safety along with realistic production goals can be a useful 
management tool. Such a plan could potentially lead to im- 
provements in safety, productivity, and overall labor- 
management relations. 
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CHAPTER 3 

GOVERNMENT REGULATIONS 

AS A CAUSE OF LOW PRODUCTIVITY 

Over the past 12 years, increased efforts at the Federal 
and State levei have tried to lessen the social and environ- 
mental costs of increased coal production. This increased 
awareness of the external costs of coal has been manifested 
through the enactment of strict Federal health and safety 
regulations and State surface mining reclamation laws. Both 
have resulted in social benefits and reduced productivity. 

In underground coal mining, the Federal Mine Health and 
Safety Regulations have been a primary cause of declining 
productivity since 1969. MHSA regulation reduces mine produc- 
tivity by (1) requiring that additional manhours be spent on 
non-production activities and (2) reducing available produc- 
tion time. Further, regulatory enforcement disrupts produc- 
tion, thereby lowering productivity. However, mine safety 
and health regulation was not the only cause of declining 
productivity and has not been as significant a cause as the 
coal industry asserts. These regulations had their greatest 
impact on productivity between 1969 and 1973; their influence 
leveled off after that year. 

State surface reclamation laws have been the primary 
cause of worsening surface mining productivity. Although 
overall surface mining productivity did not begin to drop 
until 1974, the laws' impact was felt as early as 1966 in 
Eastern States. The switch to Western surface-mined coal, 
which occurred in the late 1960s and early 19709, concealed 
this drop in the East. After Western States enacted strict 
reclamation laws in 1973, their productivity also began to 
fall as did the industry total. These reclamation laws con- 
tinue to have a negative influence on surface mine productiv- 
ity. . 

Federal coal mine health and safety regulation has 
grown greatly since the establishment of the Bureau of 
Mines in the Department of the Interior by the Organic 
Act of 1910. In 1941, P,L. 77-49 gave Federal inspectors 
the right to enter coal mines to obtain information. By 
virtue of P.L. 80-328, passed in 1947, the first formal 
code of safety regulations published in the Federal Reg- 
ister became the basis for the previously authorized in- 
spections. Under the Federal Coal Mine Safety Act of 
1952, P.L. 82-552, Federal inspectors were empowered to 
issue notices of violations and orders of withdrawal when 
imminent dangers were found. 
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In the wake of the 1968 Farmington, West Virginia, mine explo- 
sion in which 78 miners were killed the most dramatic changes 
in the Federal role came about. The Federal Coal Mine Health 
and Safety Act of 1969 (P.L. 91-173) authorized stringent 
health and safety standards and vastly increased Federal 
enforcement powers and resources. Also, the act increased 
Federal health and safety research and provided benefits to 
miners disabled by black lung. The Federal Mine Safety and 
Health Amendments Act of 1977 (P.L. 95-164) transferred health 
and safety regulation from the Department ofthe Interior to MSHA 
in the Department of Labor. This act also established minimum 
safety training requirements for coal miners. 

The coal industry attributes low and declining under- 
ground productivity primarily to the Federal Coal Mine Health 
and Safety Act of 1969. Both the regulations themselves and 
the enforcement of this act reduce productivity. While the 
new mining practices and their enforcement had the greatest 
impact during the act's implementation, increased enforcement 
may continue to lower productivity. Our statistical analysis 
indicates that while the act was one cause, it was certainly 
not the only cause, and was not as significant as the coal 
industry asserts. Further, since the major impact on produc- 
tivity took place during the initial years of implementation, 
the MSHA Act is not an important cause of continuing produc- 
tivity decline. However, as long as MSHA-required practices 
continue, some of the initial drop in productivity will be 
permanent. 

The act is effectively reducing fatalities and disasters, 
however. In fact, those regulations primarily responsible 
for the productivity decline are the same ones that have 
caused safety improvements. Accidents tend to rise with in- 
creased employment and production. The Office of Technology 
Assessment projects that in 1985, between 157 and 187 coal 
workers are likely to be killed, representing a 13- to 35- 
percent increase in fatalities over 1977:1/ Thus, as coal 
production expands in response to higher 0x1 prices, it is 
important for the Federal Government and the coal industry 
to continue efforts to improve mine safety. However, the 
Federal Government should work to make safety and health 
regulation less harmful to productivity. 

MSHA regulation was a major cause of 
productivity decline in underground 
coal mininq 

Measuring the impacts of Federal health and safety 
regulation on productivity is difficult. Obtaining data on 
the act's aspects believed to affect productivity is as 
problematic as measuring changes in mining methods caused by 
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the act. We estimated the act's impact on productivity in the 
following two ways: (1) by surveying management and labor at 
44 underground and surface mines and by questioning MSHA offi- 
cials, focusing on specific regulations affecting productivity 
and 2) statistically examining the relationship between enforce- 
ment of the act and productivity. 

Our survey results revealed that the act had a substan- 
tial effect on productivity in underground coal mines. While 
the MSHA Act had some impact on strip mine productivity, it 
was not nearly as severe as in underground mines. Strip mine 
productivity grew by 5.5 percent annually between 1961 and 
1969, remained relatively constant between 1969 and 1973, and 
fell by 7.2 percent annually between 1973 and 1978. The strip 
mines we surveyed were less likely to blame MSHA regulation 
and more likely to cite State reclamation laws as the major 
cause of productivity decline. Since the impact of the MSHA 
Act on surface mines was much less severe, most of the discus- 
sion focuses on underground mines. 

Underground productivity rose by 3.7 percent annually 
between 1961 and 1969 and declined by 7.1 percent annually be- 
tween 1969 and 1978, the period following the passage of the 
MSHA Act. MSHA regulation was the cause of productivity de- 
cline most often cited by officials of underground coal mines 
we surveyed. Coal company officials we interviewed attributed 
22 to 40 percent of the productivity decline to MSHA regula- 
tion. However, companies had little data to support their 
claim. The coal industry has attributed a greater percent 
of the decline to the act than other research indicates. For 
example, Gordon et al. of Pennsylvania State University deter- 
mined that the most significant aspects of the MSHA Act caused 
an average 18-percent decline in productivity, an estimate 
below industry's range. 2/ 

While MSHA officials agreed that regulations have affected 
productivity, they felt that most of the impact occurred during 
the initial years of enforcement. Our analysis supports MSHA's 
position that the act no longer causes productivity to decline. 
While certain practices required by MSHA lowered productivity 
substantially, their impact was felt largely during MSHA's 
implementation and should not be a continuing source of de- 
cline. However, increased enforcement is a potential source 
of continued productivity decline. 

Using inspections to measure enforcement, our statistical 
analysis revealed that in 1977 a significant relationship 
existed between MSHA enforcement activities and productivity. 
Increased enforcement activity results in lower productivity* 
For example, increasing the number of inspection days by 10 
percent will result in an average 1.5-percent reduction in 
underground mine productivity. MSHA inspections increased 
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substantially from 1970 to 1973, reached a peak in 1973, and 
have declined slowly since then. Using State-level data, a 
joint Department of Energy (DOE)/Department of Labor study 
prepared by Oak Ridge Associated Universities showed that 
in the early 19708, inspections and productivity were nega- 
tively related. 2/ (A negative relationship exists when a 
positive or negative change in a variable has an opposite 
effect on another variable. For example when inspections 
increase, productivity decreases.) Thus, it appears that pro- 
ductivity in underground mines was adversely affected by en- 
forcement during the initial years of MSHA regulation, but 
was not being further depressed by 1977. However, if the number 
of MSHA inspections increased, productivity might be pushed 
lower. The Oak Ridge study supports our conclusion that MSHA 
was the largest cause of the decline between 1970 and 1973 
but was less important afterwards. A/ While MSHA regulation 
may not be an important cause of a continuing decline in pro- 
ductivity, it may have lowered productivity permanently because 
the practices required by MSHA regulation causing the decline 
continue. 

Types of mines where MSHA regulations had the smallest 
and largest effects on productivity 

Although MSHA regulation seems to have had a large impact 
on the productivity'of the smallest and largest underground 
mines using continuous mining machines, the greatest.impact 
has been on the former's (mines producing 25,000 tons per 
year and less) productivity. This should have a limited ef- 
fect on industry-wide productivity because these small mines 
produce only 3 percent of the Nation's coal. However, 
these small mines represent almost half of all (under- 
ground and surface) coal mines, and they tend to be marginal 
operations which had further to go to achieve acceptable 
safety conditions. Thus, they probably had to invest rela- 
tively more resources to comply with MSHA than larger mines 
causing them a greater productivity loss. However, the larg- 
est mines may also experience a greater productivity loss 
than the average-sized mines because more.time is spent in- 
specting them. Increased inspection days were found to be 
a cause of the productivity loss in the early 1970s. 

The MSHA Act has affected mines using continuous mining 
machines more so than conventional mines. In fact, our sta- 
tistical work showed that between 1972 and 1977, conventional 
cutting machines had a small productive advantage over contin- 
uous mining machines. 5/ The Oak Ridge Associated Universi- 
ties'study determined that in the 19609, continuous mining 
was more productive than conventional mining. 2/ 

The act was probably a major cause of continuous miners 
losing their productive advantage over conventional miners in 
mines where additional roofbolting requirements reduced the 
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distance that continuous mining machines were permitted to 
advance before bolting. Also, additional machine maintenance, 
electricity supply, and ventilation regulations may have 
affected mines using continuous and longwall mining more than 
those using conventional mining methods. 

How MSHA regulation reduces productivity 

MSHA regulation reduces mine productivity in two major 
ways: 

--Regulatory enforcement may disrupt production. 

--The regulations themselves require that additional 
manhours be spent on nonproduction activities and may 
reduce available production time. 

Coal companies have complained about how disruptive MSHA 
enforcement is to production. They claim that Federal inspec- 
tions may disrupt mining operations and managers must spend 
more time administering MSHA tests, writing reports, obtaining 
approval of roof-control plan changes, and performing other 
MSHA-required activities. Thus, managers have less time 
available to supervise production. Mine superintendents we 
surveyed claim they spend 30 to 50 percent of their time 
on MSHA paperwork. A survey of 163 mines for the American 
Mining Congress by John Straton of Gates Engineering suggests 
that foremen lose 30 percent of available supervision time 
due to MSHA compliance. 6/ However, MSHA officials feel that 
these estimates are too Eigh since many mines have full-time 
safety engineers to perform this sort of work. They feel that 
at most mines, superintendents spend less than 5 percent of 
their time on MSHA paperwork. MSHA also'occasionally hinders 
production by requiring compliance with regulations that are 
technically difficult to comply with, such as illumination 
and the use of cabs and canopies on equipment. Some operators 
must spend a great deal of time experimenting to find an ac- 
ceptable compliance system. 

MSHA regulation also reduces productivity by requiring 
that additional manhours be spent on nonproduction activities 
both above and below ground. While the addition of under- 
ground rather than office workers is primarily responsible 
for the decline in productivity, some was due to more office 
workers being hired. About 5 points of the 45 percentage 
point drop in productivity between 1969 and 1977 were due to 
additional office workers. Also, a joint statement submitted 
by the National Coal Association and Bituminous Coal Operators' 
Association during congressional hearings claimed that 15 to 
20 percent of total payroll in large underground mines is 
paid to workers performing primarily MSHA-related tasks..l/ 
Examples of some specific MSHA regulations requiring addl- 
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tional manhours are: additional roofbolting, mine clean-up, 
more maintenance, building stoppings for additional entries, 
and increased testing. In some cases, however, the regulations 
had been in existence since the Federal Mine Safety Code of 
1953 but were not adequately enforced. The number of inspec- 
tors has increased thirteen-fold since 1968. Furthermore, 
prior to the 1969 Act, coal companies were not fined for non- 
compliance. Thus, sudden compliance with existing regulations 
may have reduced productivity. Gordon et al estimate that 
one man must be added per face crew to perform additional 
required activities. 8/ A major Eastern coal company we 
surveyed stated that 16 additional workers for the mine and 2 
per section crew were required as a result of the act. MSHA 
officials, however, feel that it was necessary to add one 
worker per section crew to perform required activities. 

Complying with MSHA regulation also hinders productiv- 
ity by reducing production time available during a shift. 
For example, machines must be maintained in permissible condi- 
tion at all times. Since enforcement is now more rigorous, 
coal companies are less likely to wait until the production 
shift is over to repair machines. An official of a large 
underground coal company stated that of the 2 hours per shift 
lost to required MSHA maintenance, 1 hour could be saved if 
the maintenance could be done at a more convenient time. 
Equipment shutdown due to failure of safety devices, more 
frequent methane tests, and Federal inspection of machines 
during a production shift are all examples of how MSHA reduces 
available production time. Straton suggests that MSHA has 
brought about a 26 percent loss in available production time 
per shift. z/ 

MSHA reduces fatalities substantially 

MSHA regulation reduced fatalities in coal mines dramatic- 
ally I particularly reducing the number of disasters. However, 
nonfatal injuries have stayed high. 

. 
Table 2 shows that since 1970, both the number of fatali- 

ties and fatalities per million manhours for underground and 
strip mines have declined. Before the act was passed, the 
fatality rate for strip mines was rising, while the under- 
ground fatality rate fluctuated. In terms of fatalities per 
ton produced, the trends are less consistent. 

While it is clear from table 2 that the fatality rate for 
underground mines declined after the act's passage, it is also 
evident that fatalities had declined for most years before the 
act was passed. However, the rate of decline increased after 
the act's passage. Between 1961 and 1969, fatality rates de- 
clined by 5.7 percent annually, while between 1969 and 1978 
fatalities declined by 10.8 percent annually. The fatality 
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Table 2 

Fatalities Decrease Substantially After the 
Passaqe of the MSHA Act of 1969 

Underqround mines a/ 
Fatalities Fatalities 

Number of per million per million 
Year fatalities manhours tons 

1961 256 1.6 
1963 245 1.5 
1965 223 1.4 
1967 174 1.1 
1968 268 1.8 
1969 149 1.0 
1970 206 1.3 
1971 141 0.9 

0" 1972 122 0.7 
1973 99 0.6 
1974 90 0.5 
1975 99 0.S 
1976 104 0.S 
1977 91 0.4 
1978 67 0.4 

a/Includes underground wo*rkers only. 

b/Includes only strip mines. 

0.9 
0.8 
0.7 
0.5 
0.8 
0.4 
0.b 
0.5 
0.4 
0.4 
0.3 
0.4 
0.4 
0.4 
0.3 

Source: U.S. Department of Labor, !-:ine Stafety and Health Administration, 
-Injury Experience in Coal Mining," Tables 2 (19781, 7 (1972-77), 
and 5 (1961-1971). 

Strip mines b/ 
Fatalities Fatalities 

Number of per million per million 
fatalities manhours tons 

17 0.4 0.13 
22 0.5 0.14 
18 0.4 0.10 
22 0.5 0.12 
24 0.6 0.13 
28 0.6 0.14 
29 0.6 0.12 
23 0.4 0.09 
20 0.4 0.08 
16 0.3 0.06 
24 0.3 0.08 
32 0.3 0.10 
23 0.2 0.06 
27 0.2 0.07 
17 0.1 0.04 



frequency in 1977 is about half of what it would have been had 
fatalities continued to decline at the pre-act rate.* 

Fatality frequencies in strip mines rose an average of 6.2 
percent annually between 1961 and 1969 and declined by an aver- 
age of 16.1 percent annually between 1969 and 1978. Thus, it 
appears that the act had a dramatic effect on mine safety. 
However, the act is probably only one of many reasons why 
strip mine fatalities have fallen. Another possible explana- 
tion is that many large mines with resources available to in- 
vest in safety have opened during the time period following 
the act’s passage. 

Nonfatal injuries show only limited improvement 

Unlike the trend for fatalities, the trend for nonfatal 
disabilities in underground mines is erratic. Table 3 shows 
that since the act's passage, the number of disabling injuries 
has increased. However, injuries would be expected to increase 
with rising production and employment. The irony is that some 
of these additional workers were not hired due to expanding 
production but were hired to perform MSHA-required activities 
or to maintain production levels after the act reduced produc- 
tivity. However, the act's effectiveness in improving mine 
safety is better demonstrated by examining the change in fre- 
quency with which all miners are likely to be injured. Table 2 
also shows that the nonfatal injury frequency rises and falls 
throughout the period. Thus, it appears that MSHA was ineffec- 
tive at reducing nonfatal disabilities. However, changes in 
reporting nonfatal injuries may help explain the trend. In 
1974, and again in 1978, MSHA changed its reporting require- 
ments so that mines had to report more injuries as disabling 
than they had in the past.** 

*We projected the trend in fatality frequency from the 8 
years preceeding the act and compared it with the-actual 
trend in the eight years after the act. In 1977 the pro- 
jected frequency was 0.90 compared with an actual frequency 
of 0.44. Thus, had the pre-act trend continued the fre- 
quency in 1977 would have been twice as high. 

**In 1974, MSHA required that all injuries except those re- 
quiring only first aid be reported. Before that, only lost- 
time injuries had to be reported. In 1978, MSHA regulations 
clarified the definition of lost-time injuries as those where 
the worker did not return to his regular job. Before this, 
injured workers returning to other jobs were not clearly 
required to be counted as having lost-time injuries. 
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year 

1961 8,706 53 31 
1963 8,576 54 28 
1965 8,651 54 26 
1967 7,730 50 22 
1968 7,339 49 21 
1969 7,840 52 23 
1970 8,906 54 26 
1971 8,967 58 32 

rp 1972 9,823 58 34 
h) 1973 8,818 31 

1974 6,309 El 24 
1975 8,170 39 29 
1976 10,658 49 38 
1977 10,991 53 43 
1978 10,534 54 46 

Table 3 

Improvements in Nonfatal Disabilities Since the Passage of the 
MSHA Act of 1969 Have &en Erratic 

Underground mines a/ Strip mines b/ 
Number of Disabilities Disabilities Disabilities Disabilities 
disabilities per million per million Number of per million per million 
(note c) man hours tons disabilities manhours tons 

1,052 24 8 
1,099 24 7 
1,178 26 7 

949 22 
1,039 25 z 

967 22 5 
1,346 26 5 

1,564 27 1,305 25 z 
1,208 IS 5 
1,229 4 
1,714 18 5 
2,071 20 6 
2,246 19 6 
2,240 17 6 

a/Includes underground workers only. 

b/Includes only strip mines. 

s/A nonfatal disability is any job-related injury resulting in permanent total disability-- 
permanently and totally incapacitates an employee from any gainful occupation or the 
complete loss of both or any two of the following: hands, arms, legs, feet, or eyes: 
permanent partial disability--results in loss of any part of the body or any permanent 
impairment of functions: and tern orar y total disability--renders the person unable to p 
perform a regularly established job on one or more days. 

Source: U.S. Department of Labor, "Mine Safety and Health Administration Injury Experience 
in Coal Mining," Table 7 1972-1977; Table 5 1961-1971; and Table 2 1978. 



MSHA's impact on the frequency of nonfatal disabilities 
in underground mines is unclear and deserves further study. 
Table 3 shows that MSHA's impact on the frequency of nonfatal 
disabilities in strip mines seems marginally greater. 

How MSHA improved mine safety 

The major way in which MSHA regulation improves safety is 
by preventing mine disasters. In the 8 years preceeding the 
act, 12 disasters killed 221 workers. In the 8 years follow- 
ing the act's passage, one half of the number of disasters 
killed 84 persons. Thus, both the frequency of disasters and 
the likelihood of fatalities are falling. This is because 
fewer rooffalls, fires, and explosions occur, and when they 
do, a smaller area of the mine is affected. Our analysis 
shows that MSHA regulations requiring increased roof support, 
ventilation, dust control, methane testing, and protection 
from machinery and electrical equipment are responsible for 
most of the reduction in the types of accidents causing dis- 
asters. In fact, the Administrator for Coal Mine Safety and 
Health felt that the five disasters caused by explosions since 
1970 could have been avoided if the mines had fully complied 
with MSHA requirements. Also, deaths from black lung and 
other lung diseases caused by dust should decrease in the 
future due to MSHA's stringent ventilation requirements. 

In contrast, the frequency of nonfatal injuries has not 
declined because MSHA cannot easily address the causes of 
these accidents. For example, in 1977 material handling, 
haulage, machinery, and slips and falls of miners accounted 
for 75 percent of all nonfatal disabling injuries in under- 
ground mines. Material handling alone accounted for nearly 
one third of these accidents. These types of accidents are 
primarily caused by human error. MSHA's Director of Education 
and Training reports that 85 percent of all industrial acci- 
dents are caused by unsafe acts. lO/ - . 

Coal companies have reported that less than 20 percent of 
all disabling injuries have been related to noncompliance with 
MSHA regulations. Improving supervisors' and workers' safety 
attitudes and behavior could reduce nonfatal accidents. This 
implies that MSHA might be more effective at reducing nonfatal 
disabilities if it spent more resources on educating and train- 
ing workers. With the passage of the Federal Mine Safety and 
Health Amendments Act of 1977, Congress set a minimum safety 
training requirement. 
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Trade-off between productivity and safety 

The results of our statistical analysis suggest a double 
trade-off between safety and increased productivity. Mines 
which push production to the point of being dangerous and 
likely to kill or severely injure workers are less productive. 
However, mines which make slight tradeoffs between production 
and safety-- taking shortcuts --have a small productivity 
advantage. 

Our results show that mines that incur more fatalities, 
permanent disabilities, and the most serious violations were 
less productive. The statistical relationship between fatal 
and permanently disabling injuries and productivity was not 
significant, indicating that a mine which has many serious 
injuries has no output advantage. Further, the statistical 
relationship between serious violations* and productivity 
was significant and indicated that dangerous practices ac- 
tually reduce productivity. 

However, our results also show that in 1977 a direct 
relationship existed between the number of temporarily dis- 
abling** injuries and productivity. On the average, a 50- 
percent reduction in temporarily disabling injuries would cause 
the output of an underground mine to decline by 6.5 percent. 
Thus, each additional underground injury avoided would cost 
2.8 thousand tons of coal per year. A 50-percent reduction 
of minor injuries in surface mines would cause a production 
loss of 22 thousand tons of coal a year. As a mine expends 
more resources on safety, production suffers. Avoiding minor 
violations also had a detrimental effect on productivity. In 
fact, a lo-percent reduction in violations meant a 7.5-percent 
output loss. A mine that is pushing for higher productivity 
at the expense of safety would likely receive more violations. 

While cutting corners may bring some productivity divi- 
dend, mostly at the expense of nonfatal but temporarily dis- 
abling injuries, those mines which are badly run kill and 
permanently disable miners and take a productivity loss. 

*The seriousness of the violation is measured in terms of 
"gravity points". The higher the number of gravity points, 
the more dangerous MSHA inspectors deemed the mine's 
practices. 

**An injury which causes a miner to lose one or more days of 
work. 
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The MSHA regulations that hurt productivity and increase 
safety 

The MSHA regulations that the coal industry blames for 
declining productivity are the same ones which are responsible 
for most safety improvements. Further, as long as mining prac- 
tices required by these regulations continue, there will be 
a permanent productivity loss. The major regulatory areas 
that the coal industry 8tates have caused the productivity de- 
cline are: roof support, ventilation and dust control, and 
mine environment monitoring. 

Roof Support 

Section 302 of the MSHA Act require8 that operator8 have 
roof and rib control plans approved for all active underground 
roadway8, travelwaya, and working places. Plan8 muat be re- 
viewed by MSHA at least semiannually. The most significant 
change in mining practice8 re8ulting from the act wa8 the re- 
quirement that no person be allowed to work under an unsup- 
ported roof. 

Coal operator8 contend that roof support regulation8 
caused the productivity of continuous mining machines to de- 
cline. By forbidding miners to work under an unsupported roof, 
the continuous miner'8 advance was reduced to the machine'8 
length, 20 feet. Some mines advanced a8 much as 90 to 105 
feet without roofbolting, a commonly employed method of roof 
support, before the MSHA Act. Production time is lost when 
the continuous miner and roofbolting machine8 move in and 
out of place more frequently. Since roofbolting tends to be 
the slowest operation in the production process at the face, 
the effect on production is magnified. It takes about 2 to 
3 minute8 to put in an average roofbolt. A MSHA official who 
did not feel that additional roof control was a large cau8e 
of productivity decline pointed out that about 60 percent 
of all coal mines were roofbolted before the MSHA Act. How- 
ever, the reduction in feet that can be advanced before 
bolting hurts.productivity. MSHA official8 feel that advance 
is limited primarily in Northern West Virginia and that many 
mine8 in other region8 can advance mining machine8 more than 
20 feet. However, official8 at 75 percent of the underground 
mine8 we visited in Kent.ucky, Illinois, Ohio, and Virginia 
claimed that roofbolting regulation8 EUbEtantially reduced 
mining machine advance. MSPiA's position is that the adverse 
effect on productivity ia minimized by productivity improve- 
ments from fewer roof falls and injuries. 

Increased roof support is probably a main cau8e of re- 
duced fatalities. In 1977, for example, 41 percent of all 
underground fatalities were caused by roof and face falls, 
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compared with 58 percent in 1967. The frequency of roof falls 
(per million manhours) has steadily declined from 0.51 in 
1969 to 0.18 in 1977. The frequency of disablements due to 
roof falls has also declined from 9.8 in 1969 to 6.1 in 1977. 
However, fatalities and disabilities due to roof falls had 
been declining before the MSHA Act was passed. In the 8 years 
preceeding the passage of the act, deaths from roof falls 
declined by 7 percent annually. However, roof fall fatalities 
fell by 11 percent annually in the 8 years following the MSHA 
Act's passage. Projecting the trend in roof fall fatalities 
from the 8-year period preceeding the act and comparing it 
with actual trend also shows that the MSIIA Act accelerated 
the decline in fatalities.* In all years after the act's 
passage, the actual roof fall fatalities are lower than what 
they would have been under the previous trend. 

Although roof control regulations have adversely affected 
productivity, they appear to have accomplished their goal of 
reducing deaths. 

Ventilation and dust control 

American ventilation regulations are among the most 
strinyent of any coal mining nation. The reduction of respir- 
able dust to 2 mg./cubic meter of air, the requirement that 
9,000 cubic feet of air per minute reach the last open cross- 
cut,** and the requirement that a minimum of 3,000 cubic feet 
of air per minute pass within 10 feet of each working face*** 
require expensive main and auxillary fans. Many ventilation 
and dust control regulations also require labor-intensive 
activities. The reduction in available production time and 
the additional personnel hired as a result of these activities 
reduces productivity. The regulations reputed to cause the 
largest productivity decrease are: additional use of line 
brattice and its placement 10 feet from the face, require- 
ments for additional entries, and immediate maintenance of 

*We projected the trend in roof fall fatalities from the 8 
years preceeding the act and compared it with the actual 
trend following the act. In 1977, the projected frequency 
was 0.33, while the actual frequency was 0.18. The pro- 
jected frequency was higher than the actual in all years 
after the act's passage. 

**Prior to the act, standard industry practice for nongassy 
mines was 6,000 cubic feet of air per minute reaching the last 
open crosscut. 

***No requirements for this before the act. 
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water sprays on mining machines. Other dust control regu- 
lations that coal operators felt reduce productivity are re- 
quirements for additional mine cleanup and rock dusting. 
Several mines reported adding one worker per section crew to 
perform each of these activities. While ventilation and dust 
control regulations have hindered productivity, the benefits 
of the regulations in terms of reduced fatalities and disabil- 
ities caused by lung diseases, explosions, fires, and suffoca- 
tion appear to be great. 

Line brattice or other equally effective devices are 
required by section 303(c) of the MSHA Act to be installed and 
maintained to ventilate working faces and remove dust, gases, 
and fumes. A brattice is a flame resistant jute or plastic 
curtain hung from the roof to the mine floor to channel air 
movement. Line brattice must be placed no more than 10 feet 
from the working face to ensure proper ventilation. Gassy 
mines may be required to install brattice even closer to the 
face. 

Coal operators are concerned that using line brattice 
throughout the mine, and particularly so close to the face, 
interferes with production. Brattice makes it difficult to 
maneuver machines and cuts down on visibility. Brattice fur- 
ther reduces the advance of a continuous miner below 20 feet 
since the curtain must be readjusted for every lo-foot advance. 
Workers must also stop production immediately to repair a dam- 
aged or fallen line brattice. According to Straton, the re- 
sulting loss in available production time due to installing 
and maintaining brattice is 26 minutes, or 7 percent of shift 
time. ll/ One large Illinois coal mine reported that it em- 
ployedfour additional bratticemen to comply.with the MSHA 
Act. Line brattice also cuts down on the speed and haulage 
capacity of vehicles that must pass through them. 

A MSHA ventilation expert agreed that line brattice hin- 
ders production and acknowledged that some 'nongassy mines did 
not use brattice at all before the MSHA Act. However, this 
same official was able to provide us with engineering evidence 
that it is necessary to place brattice 10 feet from the face 
to meet ventilation requirements. 

Additional entries are required by the MSHA Act. This 
requirement calls for separate splits of air for each working 
section and for the conveyor belt to be separate from the in- 
take and return air. Compliance with these regulations often 
required mines to develop additional entries or air channels. 
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In addition to hindering mine expansion, additional 
entries require extra workmen to build and maintain concrete 
stoppings.* Additional stoppings will be required to extend 
the entry as the mine expands. Thus, by requiring extra per- 
sonnel, developing entries reduces productivity. One large 
Illinois coal mine increased its employment by about 4 percent 
by hiring additional workers for building stopping8 and per- 
forming other safety functions. Also, additional entries may 
increase the amount of time it takes shuttle cars to move 
between mine faces, thus slowing up production. 

According to an MSHA ventilation expert, isolating the 
conveyor belt from mantrips and escapeways has reduced fatali- 
ties from fires to zero since 1970. In fact, during the g-year 
period preceeding the passage of MSHA, more than twice as many 
workers were killed due to mine fires than were killed during 
the 9 years following the MSHA Act's passage. The conveyor 
belt was a primary cause of mine fires in the 1960s. Iso- 
lating airways from the belt thus prevents the spreading of 
the fire to other areas of the mine and the resulting fatalities. 

While hindering productivity slightly, additional entry 
requirements have all but eradicated disasters due to fires in 
the mine. 

Watersprays are generally required to comply with sec- 
tion 304(b) of the MSHA Act. Section 304(b) requires the use 
of water or an effective substitute to wet coal dust on the 
ribs, roof, and floor, particularly within 40 feet of the 
face. This reduces dust dispersion and minimizes the risk 
of coal dust explosions. MSHA may set the velocity of water 
flow required in mines with excessive respirable dust and 
require operators to have enough nozzles working to meet that 
velocity. A frequent coal industry complaint is that nozzles 
often clog up with dirty water and coal dust. Machine opera- 
tors are then required to stop production and clean and re- 
place nozzles which reduces productivity. According to 
Straton, 11 minutes, or 3 percent of available production 
time, is lost due to repair of water spray nozzles. G/ 

MSHA's position is that mine operators can avoid the ad- 
verse effects on productivity by having a good maintenance 
program. A MSHA ventilation expert stated that simple main- 
tenance could keep the required number of nozzles operating 
at all times. According to MSHA, it takes 10 minutes to clean 
3 or 4 sprays and they must be cleaned every 2 to 3 hours 

*Stoppings are permanent airtight masonry walls to direct 
the flow of air. 
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or once per shift depending on the type of nozzle. Further, 
it takes 10 minutes to replace one nozzle and 30 minutes to 
replace a number of them. It is also MSHA's position that 
ample downtime is available during a shift to do this. Also, 
the Bureau of Mines has developed a water spray system that 
traps dirt particles and can be easily cleaned. As of 1977, 
the new system became commercially available at a cost of 
about $800. By mid 1977, coal companies had purchased 75 
units. 

Increased ventilation and dust control reduce fatalities 
substantially. The most important benefit of improved ventila- 
tion and dust control is that it should substantially reduce 
the number of black lung victims in the future. The immediate 
benefits of ventilation and dust contol regulations are that 
they have helped to reduce the number of disasters and fatal- 
ities due to explosions, fires, and suffocation. This is be- 
cause dust regulations control the spread of dust while venti- 
lation and clean-up requirements prevent dust, methane, and 
other gases and combustible materials from accumulating. 
Thus, the risk of dust or methane ignitions and explosions 
and asphyxiation is reduced. 

Between 1970 and 1977, there were one half the number of 
disasters resulting from explosions than there were in the 
comparable period before the MSHA Act was passed. The fatal- 
ity frequency varies widely from year to year, depending on 
the number of miners that were trapped during an explosion. 
This means that a smooth trend showing the decline in fatali- 
ties caused by explosions is impossible. However, table 4 
shows that fatalities and nonfatal disabilities per million 
manhours due to explosions have steadily decreased since 1969. 
Since 1973, disabilities due to explosions have practically 
disappeared. 

Fatalities and disabilities due to fires have also de- 
clined dramatically to the point where fires are no longer 
a significant cause of injuries in mines. Ventilation require- 
ments accomplished this by reducing ignitions and preventing 
fires. 

Deaths and disabilities due to suffocation have also de- 
creased since the act's passage. In the 8,years preceding 
passage, 15 mine workers died from suffocation compared with 2 
workers in the 8-year period following passage. Further, 
twice as many disabilities due to suffocation occurred between 
1962 and 1969 than between 1970 and 1977. 
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Mine environment monitoring 

Sections 202 and 303 of the MSHA Act prescribe tests that 
operators must make for methane, dust, and other hazards. Coal 
operators have stated that MSHA's testing required hiring addi- 
tional personnel to test, repair, and maintain testing equip- 
ment. Besides more frequent testing, the act requires that 
certain areas of the mine that were not examined before the 
act be examined for hazardous conditions. A manager of a 
large coal company we surveyed stated that it had to hire 
nine extra workers, or about 8 percent of its work force, 
to examine parts of the mine not formerly tested. Also, 
testing and reporting requirements distract foremen from 
supervising production. Available production time is also 
reduced by the time required for start-of-shift exams. 
Straton estimates that start-of-shift exams result in a loss 
of 13 minutes or 3 percent of available production time per 
shift. 13/ - 

Methane monitoring is the testing regulation that mine 
managers felt hurt productivity in underground mining the most. 
Methane must be tested for at the face before any electrical 
equipment enters the working place to cut coal, and at least 
every 20 minutes during the operation of electrical equipment. 
Methane tests require a certified person (generally supervi- 
sors or mining machine operators). An automatic methane moni- 
tor must also be installed on all electric face cutting or 
loading equipment. This de-energizes the equipment if the 
methane content becomes greater than 2 percent by volume or 
if the monitor itself fails. 

Of perhaps greatest concern to coal operators are the 
adverse productivity impacts of the automatic methane monitor. 
When the automatic monitor fails it automatically shuts down 
the mining machine, a factor which coal operators resent. 

MSHA officials stated that methane.monitor failure is not 
nearly as big a problem now as it was when monitors were first 
required. This device was an outgrowth of MSHA's requirements: 
removing the "bugs" took several years. The failure.rate, 
which had been once every 4 to 5 shifts, is currently 10 to 
20 times less. MSHA also feels that the current problem is 
primarily limited to d.c.-powered monitors, used mostly in 
smaller and older mines. Increased maintenance will not re- 
duce failures in these mines because these failures are mostly 
caused by problems with the power supply. 
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Table 4 

1961 26 0.16 23 0.14 
1963 36 0.23 32 0.20 
1965 19 0.12 20 0.13 
1967 12 0.08 32 0.21 
1968 88 0.59 18 0.12 
1969 1 0.01 13 0.09 
1970 41 0.25 14 0.09 
1971 2 0.01 13 0.08 
1972 5 0.03 14 0.08 
1973 2 0.01 2 0.01 
1974 0 0 3 0.02 
1975 0 0 4 0.02 
1976 23 0.11 3 0.01 
1977 4 0.02 1 0.01 
1978 0 0 6 0.03 

Injuries due to Explosions in Underground 
Mines Have Generally Declined Since the 

Passaqe of MSHA Act of 1969 (note a) 

Number of Fatalities Number of non- 
fatalities from fatal disebil- 
from coal explosions ities from 
and dust per million coal and dust 
explosions manhours explosions 

Nonfatal 
disabilities 
per million 
manhours 
from 
explosions 

a/Includes underground, shaft, and slope areas for all under- 
ground mines. 

SOURCE: U.S. Department of Labor, Mine Safety and Health 
Administration, "Injury Experience in Coal Mining," 
Tables 13 (1978); 11 (1972-77); and 9 (1961-1971). 

Once the monitor fails, MSHA officials pointed out that a 
loss in available production time of 30 minutes to 1 l/2 hours 
should occur. However, if a mine does not have spare parts on 
hand, the loss of production time could be much longer. Thus, 
management could avoid lengthy delays by keeping spare parts. 
During the act's initial years, there were occassional short- 
ages of spare parts; however, MSHA feels that this problem has 
been alleviated. 

Operators of "gassy mines" we surveyed generally felt 
that the testing requirements for methane were fair. However, 
operators of "nongassy nines" complained about the loss in 
production and annoyance of frequent methane tests. (In 1976, 
for example, only 18 percent of all underground coal mines 
registered any methane.) 
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Mines were classified as being gassy or nongassy before 
the act's passage, and different mining practices were em- 
ployed for both. For example, only gassy mines installed line 
brattice and maintained explosion-proof equipment. However, 
the 1969 act declared that all mines were gassy and required 
compliance with the same st=gent methane-testing procedures. 
Thus, nongassy mines, representing 82 percent of all under- 
ground mines, suffered a productivity loss from performing 
additional safety activities previously required only in gassy 
mines. 

Our statistical results lend some support to this conclu- 
sion. We found a very small productivity difference between 
gassy and nongassy mines in 1977. This indicates that gas 
testing and other act-related requirements have decreased the 
productivity differences between gassy and nongassy mines to 
a very low level. No data were available, however, to demon- 
strate productivity differences between gassy and nongassy 
mines before the act. Also, operators of nongassy mines felt 
that miners stop taking methane monitoring seriously when 
they test every 20 minutes and never find any gas. 

In the past, explosions occurred in mines that were clas- 
sified as "nongassy," however.* Between 1961 and 1970, 27 
people were killed and 37 injured in 30 explosions in those 
"non gassy" mines. 14/ Thus, it appears that the Congress con- 
sidered all mines tobe gassy and subject to the same strin- 
gent testing requirements. However, MSHA will make certain 
allowances for nongassy mines having methane monitor failures 
on a case by case basis. MSHA may allow production to con- 
tinue while the methane monitor is being repaired, but methane 
has to be tested for by hand every 5 minutes. Methane testing 
has undoubtedly helped prevent methane accumulation and thus 
reduced the risk of explosion. 

Dust samplinq is required by MSHA regulations to be con- 
ducted in each working section of underground mines on 10 con- 
secutive production shifts. If in compliance, 5 samples are 
taken during the following month and thereafter every two 
months. If the sample exceeds 2.0 mg/m?, ten additional 
samples are taken. In addition, individual miner samples were 
required from all underground miners every 3 to 6 months. MSHA 
regulations, which became effective on November 1, 1980, re- 
place underground individual sampling with area sampling and 
reduce samples to five every two months. Proposed regulations 

*Before the 1969 Act, mines were-classified as "gassy" or “non- 
gassy" depending on whether they liberated above or below 0.25 
percent volume of methane. 
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might also reduce surface sampling substantially. Surface 
mines were sampled every 6 or 12 months if in compliance. 
MSHA also collects samples during its inspections, at least 
four times a year. MSHA currently collects 50,000 to 60,000 
dust samples each year, while the coal industry collects 
500,000 to 600,000. 

Coal operators raised the point that the volume of dust 
samples which MSHA requires necessitated hiring additional 
personnel to do the sampling. MSHA, however, recognized the 
need for reducing the volume of required samples and is at- 
tempting to reduce them by one third for surface and under- 
ground mines. MSHA's new area sampling regulations are ex- 
pected to lower the number of samples operators must collect 
annually to 350-400,000. Also, MSHA is considering imple- 
menting a method of ensuring dust levels are in compliance 
whereby the frequency of testing could be dramatically re- 
duced. MSHA would set parameters for such items as volume 
of water spray necessary to meet the required dust level for 
the mine. If the parameters are met, the dust level would 
then be assumed to be correct. 

The adverse productivity impacts 
of enforcement are diminishing 

Coal companies have repeatedly stated that enforcement of 
the MSHA Act disrupts production, thereby reducing productiv- 
ity. Operators have stated that the following aspects of 
MSHA's enforcement program have disrupted production: 

--Inspections. 

--Issuance of violation notices unrelated to safety. 

--Withdrawal orders. 

--Abuse of the safety hotline. 

--The requirement that mines comply with regulations that 
are not presently technically feasible. 

During the initial years of enforcement some of the coal 
industry's complaints were justified. However, as enforcement 
became more routine, our evidence shows that the complaints 
became less justified. Further, our research shows that 
enforcement of the act has significantly improved mine safety. 

Inspections 

Section 103 of the MSHA Act authorizes frequent inspec- 
tions of coal mines to locate dangerous conditions, determine 
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compliance with the act, and investigate accidents. Under- 
ground coal mines must be completely inspected at least four 
times a year. Mines may also receive inspections to monitor 
the abatement of hazardous conditions: special roof control, 
ventilation, or electrical inspections: and spot inspections. 
If a mine liberates large amounts of methane or has hazardous 
conditions, the mine will receive one inspection every 5 to 
15 working days. Large mines often have inspectors on their 
premises daily because of the large numbers of workers exposed 
to the hazards of underground work and because it takes a 
long time to inspect a mine. In 1973, an Accident Prevention 
Program was established for daily inspection of those mines 
employing over 150 workers and having a high injury rate. 

Coal mine operators we surveyed complained that the MSHA 
inspectors' activities disrupt production. According to 
Straton's industry survey, the average amount of production 
time lost per section inspection was 71 minutes. 15/ A super- 
intendent of a large coal mine in Illinois told urwhile an 
MSHA inspector is in a section, it loses one half of its pro- 
duction. 

Our statistical research shows that while inspections 
caused productivity decline in the initial years of the act's 
passage, it is not currently a significant cause of continued 
productivity decline. This may be partly due to the decline 
in the number of MSHA inspections after 1973. We found a di- 
rect but small relationship between the number of inspection 
days and productivity in 1977. A lo-percent reduction in the 
number of inspection days would improve underground productiv- 
ity by only 1.5 percent. The act had its largest impact on 
underground productivity between 1970 and 1973--years when 
the largest growth in inspections occurred. An examination 
of past MSHA inspections shows that their numbers increased 
from 9,737 in 1970 to 71,763 in 1973, and then declined slowly 
to 35,327 by 1977. A similar trend was shown for inspections 
per mine and per ton of coal produced. Since 1974, however, 
with the leveling off of enforcement activity, the act became 
less of a factor in the continuing decline in prod.uctivity. 
By 1974, the majority of underground mines had adjusted to 
MSHA regulations. Increased enforcement, however, could result 
in further productivity losses though one would not expect 
as severe a drop as what occurred in the earlier years. The 
recent Oak Ridge Associated Universities' study on productiv- 
ity in coal mining supports these results. Based on State- 
level data, the Oak Ridge study showe,d that inspections 
brought about a decline in productivity, but the impact peaked 
in 1973. 16/ - 

Coal operators and workers offered many reasons why 
inspections disrupt production. For example, the inspector 
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may order immediate equipment repair or mine clean-up or idle 
machines to examine them. MSHA's official response is that 
inspectors are instructed to avoid shutting down producing 
equipment if at all possible. This is not always possible due 
to time limitations. 

Coal companies also complained that different inspectors 
have different operating and maintenance requirements. Thus, 
they are forced to frequently change procedures, which inter- 
feres with production. This may have been a problem during 
the initial years of enforcement, but MSHA feels it is not a 
significant problem now. MSHA's Administrator for Coal Mine 
Safety and Health stated that MSHA rarely receives complaints 
about this any more. A manual defining precisely what con- 
stitutes compliance with regulations is issued to inspectors 
and made available to mine management and workers. Further, 
inspectors receive substantial training on the meaning of reg- 
ulations. In addition to 12 weeks of initial training, in- 
spectors receive 2 weeks of annual retraining to keep them up 
to date on regulatory changes. Also, although inspectors are 
supposed to be rotated every 6 months, MSHA has been trying 
to keep them with a mine for 1 year. During that time, elec- 
trical and ventilation specialists may appear at the mine for 
special inspections, but the mine generally has one main 
inspector. 

Inspections may also disrupt production by removing the 
foreman and other experienced workers from production. The 
foreman generally accompanies the inspector on his tour and 
so cannot supervise production. The act also provides that a 
miner's representative be allowed to accompany the inspector 
on his tour. This often removes an experienced worker from 
production. Finally, workers themselves may slow up or stop 
producing while an inspector is present out of fear of viO- 
lating the act. 

The disruptive effect of inspections may be substantial, 
considering their frequency in some mines. MSHA's Administra- 
tor for Coal Mine Safety and Health reports that a complete 
underground inspection can take up to 3 months, while spot in- 
spections can take 8 to 9 hours. Large, hazardous mines usually 
have an inspector on the premises daily, so these mines may 
have suffered a large productivity loss. By contrast, surface 
mine inspections take from 3 days to 3 weeks. Thus, the im- 
pact of inspections on productivity in surface mines should 
be less severe. 

However disruptive to production, inspections help reduce 
mine fatalities. A recent study by Louise Julian concluded 
that the increase of one inspection for each mine decreases 
the industry's number of fatalities and nonfatal injuries in 
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a year by 4 and 52 respectively. l7/ Boden's study of 539 
underground mines concluded that a SO-percent increase in 
the Federal inspection rate would reduce fatalities by 11, 
disabling injuries by 2,400, and nondisabling injuries by 
3,800 per year. s/ 

We conclude that inspections do disrupt production, 
particularly during the years the regulations were first 
implemented. However, inspections are an important tool in 
improving mine safety. Further, our statistical results show 
that abolishing all MSHA inspections of underground mines 
would improve output by only 15 percent. 

Violations 

In 1977, MSHA issued 95,662 violation notices to under- 
ground mines and 34,253 to surface mines. The number of vio- 
lations issued per inspection has grown every year since 1973. 
Once a violation notice is issued, the operator is assessed a 
civil penalty or is subject to criminal sanctions. 

Coal operators expressed their concern that MSHA is cit- 
ing them too often for violations which bear little relation 
to the causes of accidents. They feel the violation and ap- 
peal process distracts management from concentrating on super- 
vising production while not significantly contributing to 
mine safety. Further, holding corporate representatives 
criminally responsible for the safety of miners increases 
the difficulty in hiring experienced mine foremen. 

In testimony before the Labor Standards Subcommittee, 
House Committee on Education and Labor, the National Coal 
Association and Bituminous Coal Operators Association com- 
plained that violations MSHA issues bear little relation to 
mine safety. They pointed out that 72 percent of all under- 
ground safety violations in 1975 were for activities that 
accounted for less than 10 percent of the total number of 
fatalities occurring during the previous 7 years. 19/ Other 
evidence, however, shows a greater relationship between the 
causes of violations and safety. MSHA's policies improve 
safety primarily by preventing disasters. The causes of dis- 
asters and conditions receiving violation citations are 
strongly related. Between 1959 and 1977, 90 percent of the 
disasters which occurred were caused by fires, suffocations, 
and explosions. MSHA's Administrator for Coal Mine Safety 
and Health stated that MSHA inspectors are told to concentrate 
on roof control, ventilation, combustible materials, and fire 
prevention --all areas directly related to the primary causes 
of disasters. In 1977, as in the previous 2 years, the most 
frequently cited violations were for electrical equipment 
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and fire protection, ventilation, combustible materials, roof 
support, and miscellaneous causes. These categories accounted 
for 89 percent of all violations in 1977. 

The relationship between the causes of nonfatal accidents 
and violations seems to be, as the coal industry asserts, 
tenuous. Nonfatal disabilities in underground mines in 1977, 
as in 1967, were primarily caused by materials handling, haul- 
age, and machinery. These categories accounted for 60 percent 
of all nonfatal disabilities. Violations in these categories 
were issued less frequently because most of these accidents 
are caused by human error, and workers cannot usually be cited 
for violations. Thus, MSHA's enforcement is more effectively 
directed to reducing fatalities than nonfatal injuries. 

Some coal operators also claimed that MSHA cites them for 
trivial violations. MSHA's Administrator for Coal Mine Safety 
and Health stated that complaints of this nature came primar- 
ily from small operators who were hurt by payment of fines. 
Cases of MSHA's enforcing "trivial" violations can undoubtedly 
be identified. However, differences between the coal indus- 
try's and MSHA's positions are primarily caused by differences 
in trade-offs between acceptable risks of accidents and pro- 
duction. MSHA's mandate is to reduce the risk of injury to 
miners, while operators are concerned with minimizing produc- 
tion costs. Therefore, MSHA may cite violations where the 
risk of injury appears small from the operator's viewpoint 
when compared to the production costs of compliance. 

Our research shows that the majority of violations do 
not now adversely affect productivity. In fact, in 1977 in- 
creasing the number of violations would have a positive effect 
on productivity. As noted earlier, a mine which places more 
importance on production versus safety will likely have a 
larger number of violations. 

Further, violations may not have been taken seriously 
enough by coal operators to hurt productivity. Coal companies 
may have written off fines as a cost of doing business because 
the fines have been small.* For example, mines were fined only 
$50 to $100 for violating the dust standard, one of the most 
important regulations. Our results further indicate, however, 
that mines which continually have the most serious or dan- 
gerous violations pay a productivity price. A strong negative 
relationship was found between productivity and the number of 

*MSHA revised its fine assessment procedures in 1977 and the 
level of fines was increased. 
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gravity points received by a mine.* Those mines which, because 
of bad management, take greater risks and operate under the 
resulting hazardous conditions pay a substantial penalty in 
terms of lost productivity. 

We conclude that the majority of violations are viewed by 
mine management as a cost they must incur for increased produc- 
tion. Violations received for taking less severe chances on 
short-cuts do not adversely affect productivity. However, 
those mines which are guilty of the most grave or serious vio- 
lations suffer a loss in productivity for such unsafe actions. 

Withdrawal orders 

According to Section 104 and 107 of the act as ammended, an 
inspector can order miners withdrawn from a mine or any of its 
sections if he finds: (1) an imminent danger to life or health, 
(2) failure to rectify a violation within a specified time per- 
iod, (3) an unwarrantable failure (that the operator knew or 
should have known about the dangerous condition and did not cor- 
rect it), and 44) repeated violations. Miners idled by with- 
drawal orders must be paid regular wages for at least one shift. 
Mines are reopened when the inspector deems the dangerous con- 
dition has been abated. Operators who challenge withdrawal 
orders before the Federal Mine Safety and Health Review Comnhis- 
sion or the U.S. Court of Appeals receive no compensation if the 
order is reversed. 

Withdrawal orders may hurt productivity in two ways. 
Workers still receive compensation and are thus counted as 
working, even though production is shut down during the shift. 
Secondly, withdrawal orders issued for part of a shift reduce 
available production time. 

Coal operators expressed concern that the increasing num- 
ber of withdrawal orders issued are partly responsible for the 
decline in productivity. One underground mine in Illinois was 
closed from 2 hours to 2 weeks for such causes as shuttle car 
in violation (4 hours), no calcium chloride spread on water 
(3 hours), and the need to rock dust the conveyor belt (1 day). 
A study prepared for DOE by Management Engineers, Inc., lends 
limited support to the industry's contention. The study con- 
cluded that there is a relationship between the growing number 
of withdrawal orders and productivity decline but could not 
determine whether it was a causal relationship. 20/ We were - 

*Gravity p oints are used by MSHA as a measure of the serious- 
ness of a violation when assessing fines. * 
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unable to statistically determine the effect of withdrawal 
orders on productivity because MSHA is only beginning to com- 
puterize withdrawal order data. Table 5 shows the growth in 
withdrawal orders and the average number of withdrawal orders 
issued during inspections. The likelihood that mines would 
receive withdrawal orders during inspections was high during 
the act's initial implementation, dropped off in 1972, and 
then gradually rose. The coal industry feels that the growth 
since 1972 is primarily due to an expanding definition of what 
constitutes grounds for withdrawal. Coal industry representa- 
tives stated that the definitions of imminent danger and un- 
warrantable failure are overly broad. Since 1969, Adminis- 
trative Appeal Board decisions have redefined "imminent danger" 
and "unwarrantable failure" so as to make it easier for in- 
spectors to issue withdrawal orders. 21/ However, these deci- 
sions were directed at hazardous minesand mines where manage- 
ment does not show adequate concern for worker safety. 

While inspectors are issuing more withdrawal orders, a few 
mines may be receiving them repeatedly. Although no data is 
available to support this, MSHA officials agree that withdrawal 
orders are concentrated in a few "problem" mines in each dis- 
trict. Thus, increasing numbers of withdrawal orders may affec,t 
productivity in only a small segment of the coal industry. 

The coal industry's other major criticism of MSHA's mine 
withdrawal policy is the delay in sending inspectors to re- 
examine mines and terminate the orders. MSHA's Administrator 
for Coal Mine Safety and Health said that while this probably 
does happen occasionally, most withdrawal orders last for one 
shift or less and affect only one section of a mine. No data 
were available to support this. Conditions involving dust 
standard violations, however, can take a long time to correct, 
and mines with inadequate ventilation systems may have to 
endure lengthy production disruptions. 

The withdrawal order is an important enforcement tool 
since fines are small and can be written'off as a cost of 
doing business. These orders disrupt mine operations but are 
necessary and effective safety precautions. In 1976, for ex- 
ample, over one quarter of the imminent danger withdrawal 
orders were issued after explosions in the mine. Further, 
MSHA asserts that withdrawal orders are concentrated in hazar- 
dous mines and those mines continuously failing to comply 
with MSHA regulations. However, no data exist to corroborate 
this. 
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Table 5 

Number of Withdrawal Orders 

Year 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

Issued Since 1970 

Number of 
Total numberof withdrawal orders 

withdrawal orders per inspection 

1,493 0.15 

4,390 0.17 

2,804 0.04 

3,312 0.04 

4,851 0.06 

6,147 0.08 

5,829 0.09 

4,897 0.09 

Source: U.S. Department of the Interior, Mining Enforcement and 
Safety Adminisitration (currently U.S. DOL--MSHA) 
Annual Report and Achievements Appendices 1970-77, 
and Dick Rose, U.S. Department of Labor, Mine Safety 
and Health Administration. (Withdrawal Orders) 

Hotline abuses 

One tool that MSHA uses to learn of violations is a confi- 
dential telephone hotline. Some coal companies have complained 
that miners are using the hotlines to'harass management by 
making complaints that cause extra inspections. iMSHA's 
Administrator for Coal Mine Safety and Health feels 
that this is an erroneous criticism because the hotline re- 
ceives few calls and even fewer that result in actual viola- 
tions. In 1978, MSHA received only 139 calls, most of which 
were on matters totally unrelated to the mine's compliance 
with MSHA regulations. For example, MSHA received many calls 
about employment opportunities. Further, union members can 
walk off the job if they feel conditions are unsafe. It is 
possible that the hotline may have been abused in isolated 
cases, but this generally does not seem to be a significant 
problem. 
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Technically infeasible requirements 

Coal operators complain that some MSHA regulations require 
technology which is exotic or unavailable. Since MSHA enforces 
these regulations, the resulting inspections, violations, with- 
drawal orders, machine modifications, and paperwork reduce pro- 
ductivity. The two regulations that mine managers cite most 
frequently are requirements for cabs and canopies and mine il- 
lumination. 

Cabs and canopies are steel roofs and sides which protect 
mining machine operators from collapse of roof, face, or rib. 
On January 1, 1973, protective cabs and canopies became manda- 
tory on all mobile face equipment used in mines 72 inches and 
above in height. By 1978, coal mines of all seam heights had 
to comply with this regulation. Mines with 60 inch or higher 
seams have generally not had problems in fitting cabs and cano- 
pies to their machines. However, 45 percent of production and 
41 percent of mines have seams under 60 inches. Low coal and 
narrow work spaces leave little room to attach these devices. 
One coal mine official told us that in the last 4 years, his 
mine experimented with 88 different canopy designs. He also 
said that the work required to install and test these canopies 
had subetantially reduced productivity. 

Other problems with using cabs and canopies in low coal 
are that they impair the machine operator's vision, restrict 
movement, and cramp and tire the operator. Thus, some mine 
managers have had to deal with worker resistance to the cabs 
and canopies, further hindering productivity. 

Recognizing problems with installing cabs and canopies in 
low coal, MSHA suspended requirements for coal mines with 42- 
inch seams or less. Further, coal operators have received sub- 
stantial Federal assistance in complying with cab and canopy 
regulation. MSHA has provided some technical assistance to 
mines to help them retrofit machines. For example, during 
1973, the first year cabs and canopies were required, the 
Roof Control Group of MSHA's Pittaburgh Technical Support 
Center analyzed about 60 cab or canopy designs and 120 re- 
designs for coal mine operators and equipment manufacturers. 
The Bureau of Mines has also assisted operators and manufac- 
turers to comply with cab and canopy regulations. The Bureau 
estimates that 20 percent of the total canopy designs now 
being used have come from this research. 

While requiring cabs and canopies in low coal may have 
disrupted mining operations, it may also have reduced fatali- 
ties and disabilities due to roof collapse. However, an 
examination of available data suggests that the injury pre- 
vention benefits of cabs and canopies require further study. 
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The 1974 union agreement requirement for helpers on face 
equipment may have caused an increase in the number of fatali- 
ties due to roof falls. One would expect to see a steady de- 
cline in injuries due to roof falls since 1975 as lower and 
lower seam mines were required to comply. However, since 
1975, the downward trend in fatalities and disabilities per 
million manhours due to roof falls has not been steady. MSHA, 
however, reports that the installation of cabs and canopies 
saved the lives of at least 114 miners since 1974.m 

Illumination reauirewnts were also felt by coal operatorsto 
be a hindrance to productivity. Final regulations promulgated 
in 1976 required lights on all face equipment. Difficulties 
in retrofitting mining equipment and some worker opposition 
to the lighting distract management from supervising production 
and may take machines out of production. 

Retrofitting machines to contain lights is particularly 
difficult in low coal. In low coal there is little room to 
attach lights to the machine's surface, and they are easily 
smashed if not recessed. Existing machines, however, do not 
have recesses where lights can be attached. Finally, some 
miners do not like the lights because they cause glare. This 
may be especially true in low coal or if management has not 
placed the lights in their correct positions. 

MSHA has, again, provided substantial technical assistance 
to equipment manufacturers and coal companies to design and 
install lights. Some of these activities included developing 
technical papers, exhibits, testing proposed systems, and 
assisting coal operators and equipment manufacturers in design- 
ing and installing lights. The Bureau of Mines also helped 
develop and test lighting system designs. Further, the United 
Kingdom has for years required that mines be illuminated with- 
out major problems, Thus, it appears likely that the illumina- 
tion problem will be ameliorated over time. 

Lighting the mine may help reduce the disabling and other 
nonfatal injuries that MSHA has not had much success in pre- 
venting thus far. The four major causes of nonfatal disabling 
accidents in 1977 were material handling, haulage, machinery, 
and slips of persons, which accounted for nearly 75 percent 
of these injuries. Unlike roof falls and explosions, those 
accidents are primarily caused by worker error. Thus, improv- 
ing workers' ability to see the work environment may eliminate 
some of these accidents. 

* . reduce dluina inwies 

MSHA's regulatory and enforcement efforts have not reduced 
disabling injuries because these injuries are mainly caused by 
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unsafe acts. Two ways of combatting unsafe acts are citing 
workers for violating MSHA regulations and increasing safety 
training. MSHA has no authority to cite workers for non- 
compliance with the exception of smoking underground. MSHA 
and its predecessors have been involved with safety training 
since the 19508, and since the 1977 MSHA Act amendments have re- 
quired operators to provide a minimum amount of safety training. 

Increased safety training might improve workers' safety 
attitudes and behavior, thereby reducing the number of unsafe 
acts committed. A Westinghouse study prepared for the National 
Institute for Occupational Safety and Health showed that 
workers in low-accident coal mines exhibited "safer" behaviors 
than those in high-accident mines. For example, workers in 
low-accident mines are more likely to wear safety glasses, re- 
port hazards and accidents, and are less likely to bridge cir- 
cuit breakers when overloading occurs. 

While all mines currently engage in safety training, there 
is evidence that better training may lower accident rates. The 
Westinghouse study showed that workers in low-accident mines 
were more likely to rate training as adequate than workers in 
high accident mines. 2a/ Not only the quantity of training but 
also the subjects taught and the teaching methods used deter- 
mine its adequacy. Mines with adequate training in how elec- 
trical systems work; dealing with hazards such as gases, coal 
dust, and noise; and how tools and equipment work had signif- 
icantly fewer accidents than mines with inadequate training 
in these areas. On-the-job experience, group discussion, and 
close supervision were found to be the most effective training 
methods. 

Current safety and occupational training appears to be 
inadequate. A study by Emory Ayers Associates, Inc., revealed 
that training programs are not working because management lacks 
commitment to the programs. 24/ The study claims that manage- 
ment does not provide sufficient time, has too few qualified 
instructors, has inadequate training facilities and equipment, 
and suspends programs before completion. Another reason why 
training may be inadequate is that foremen may not supervise 
workers closely enough. The Westinghouse study found that the 
most effective kind of training is on-the-job, with close fore- 
man supervision. w Thus, even if sufficient classroom train- 
ing is provided, workers may still not receive adequate train- 
ing. Another reason why training programs may fail is that 
they often do not include supervisors. The Westinghouse study 
showed that low-accident mines were ones where foremen exhi- 
bited "safety-conscious" behaviors such as wearing respirators 
in dusty conditions and encouraging workers to operate safely 
and not cut corners. 26/ Thus, training supervisors would im- 

63 

,. ; .- 



prove their ability to instruct workers and would better en- 
able them to promote a more "safety-conscious" attitude among 
miners. 

The Federal Mine Safety and Health Act Amendments of 1977 
require that each mine operator have an approved health and 
safety training program. To be approved, a program must pro- 
vide the minimum training required by the,act. The act re- 
quired that new underground miners with no experience receive 
at least 40 hours of training in miners' rights, use of the 
self-rescue device, hazard recognition, first aid and emergency 
procedures, basic ventilation and roof control, walk around 
training, and the health and safety aspects of their assigned 
task. All miners are required to receive 8 hours of refresher 
training annually and miners assigned a new task or moving to 
a new mine must also receive additional training. However, 
MSHA's Director of Education and Training does not feel that 
these minimum requirements are adequate. He stated that 1 or 
2 weeks a year of on-the-job training would be more appropri- 
ate. These suggested amounts are small compared to training 
required for European miners. For example, a mining machine 
operator in the United Kingdom will have received 140 days of 
instruction and 60 days of close supervision. While this is 
considered to be "occupational" training, it teaches workers 
to perform their job safely. 

Some large operators may train well above the required 
minimum. Further, MSHA has a State grant program so that it 
can help provide training to small operators. However, given 
that a United Mine Workers poll showed that 41 percent of the 
new workers in the early 1970s received no training, there 
still may be many mines that stick to the minimum require- 
ments. W The coal industry's provision of more on-the-job 
safety training for miners and supervisors could significantly 
lower disabling injuries. Therefore, a change in the statute 
to strengthen the minimum requirements would be worthwhile. 

Federal coal-mining technology research agencies and coal 
mining equipment manufacturers are not adequately transferring 
technologies which would reduce the adverse productivity im- 
pact of safety and health regulation to the industry. Coal 
operators are not adopting these technologies because they are 
uncertain of MSHA's willingness to alter regulations or grant 
petitions for modification to companies using the new technol- 
ogy* MSHA is involved in selecting new Bureau of Mines safety 
technology research projects. Thus, MSHA is likely to accept 
the technology once it has been developed. However, it is 
unclear whether MSHA would grant petitions for modification 
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to coal companies from productivity-reducing regulations 
despite their using the new safety technology. Also, neither 
equipment manufacturers nor the Bureau of Mines are adequately 
testing and commercializing the new technologies. 

Bureau of mines safety technoloqy 

Primary Government responsibility for performing and 
funding safety technology research and development lies with 
the Bureau of Mines in the Department of the Interior. 
Funding for coal mine safety and health research is substan- 
tial. The Bureau of Mines spent $29 million in fiscal year 
1977, and planned to spend $88 million for fiscal years 1978 
and 1979 coal mine health and safety research. Indications 
are that coal mining equipment manufacturers spend minimal 
amounts on safety technology research. A study prepared for 
DOE by Bituminous Coal Research, Inc., reported that in 1978, 
coal equipment manufacturers spent only about $3 million on 
health and safety research. 28/ - 

The Bureau of Mines has funded numerous safety projects 
that might reduce the adverse productivity impacts of MSHA 
roof control, ventilation and dust control, and mine environ- 
ment testing regulations. The greatest productivity improve- 
ments appear to be from projects that will allow continuous 
miners to advance more than 20 feet before bolting and will 
allow remote movement of line brattice. Moving brattice re- 
motely reduces the length of pauses to adjust brattice as 
the continuous miner advances each 10 feet. 

In fiscal year 1977, the Bureau spent $8.4 million on 
roof control, and planned to spend $9.7 million and $13 mil- 
lion in fiscal years 1978 and 1979, respectively. Some Bureau- 
funded projects to allow continuous miners to advance more 
than 20 feet before bolting, include movable roof support 
systems and remote mining systems which place the worker fur- 
ther back and allow greater machine advance. A Bureau of 
Mines official reported that remote control systems might 
place the operator 40 feet back, thereby doubling the dis- 
tance that continuous miners may advance before bolting. The 
Bureau is also funding projects to reduce dust generation and 
promote the use of longwall miners because of their superior 
roof support systems. In fiscal year 1980, the Bureau expects 
to spend $4 million for longwall mining health and safety 
research. The Bureau is also funding research on detecting 
roof problems, safer designing of mines, and improving roof 
support technologies. However, unless MSHA allows mining 
machines to advance more than 20 feet before bolting, these 
projects will produce only small productivity benefits. 
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The Bureau of Mines spent about $4 million in fiscal year 
1977 on dust and methane control in coal mines. In fiscal 
year 1979, the Bureau planned on spending $6.2 million for 
these purposes. While the Bureau has funded projects to im- 
prove dust collection from mining machines, most of its re- 
search is directed at reducing dust generation. Improved dust 
control would allow the use of a blower ventilation system, 
which is a more effective methane control method than the 
currently used exhaust system. Theoretically, more effective 
methane control should allow operators to move the line brat- 
tice further back from the face. However, if there is uncer- 
tainty as to whether or not MSHA will permit this, technologies 
such as dust collectors are unlikely to improve productivity. 
The Bureau has also funded projects which would allow remote 
movement of brattice. Considering Straton's estimate that 
7 percent of available production time is lost due to install- 
ing and maintaining brattice, this project could significantly 
improve productivity. However, a Bureau official reported 
that the coal industry did not adopt this new technology be- 
cause of maintenance problems and lack of worker acceptance. 
Given the large potential productivity benefits, the Bureau 
of Mines should renew its effort in this area. 

The Bureau of Mines has also funded research to make dust 
sampling easier, thus reducing the time supervisors spend away 
from production. The projects funded would improve present 
dust-sampling methods, potentially allowing a reduction in 
sampling frequency, or would make dust sampling more remote. 
The Bureau has a long-range program to develop a machine- 
mounted dust monitor. The Bureau has also funded equipment 
manufacturers to develop a more reliable methane monitor. 
However, none of these projects should have large productivity 
benefits, since present dust sampling and automatic monitor 
failure are not hurting productivity substantially. 

Often, coal operators do not use new safety equipment 
even if it also improves productivity. This may be because 
its cost exceeds productivity benefits,'because uncer.tainty 
over whether MSHA will allow them to reap the productivity 
benefits, and because of worker and management resistance. 

Coal operators may not purchase the equipment because 
they feel that the amount of productivity improvement does 
not warrant the increased equipment cost. This was probably 
true for the more reliable methane monitor. One of the equip- 
ment manufacturers working on this project reported that the 
monitor it developed was too expensive to interest coal opera- 
tors. 

Coal operators may also fear that MSHA will not grant 
them petitions for modification or alter productivity-reducing 
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regulations, such as the reduction of continuous miner advance 
to 20 feet, in spite of their using better safety technology. 
Operators should be granted modifications if the alternate 
method provides the same degree of protection or if complying 
with the regulation reduces mine safety. However, uncertainty 
comes from MS!!A's case by case determination of whether the 
mine meets these criteria. This uncertainty is magnified by 
MSHA's policy to allow each district wide latitude in making 
modification decisions. In fact, given that each mine has its 
own roof control and ventilation plans, there is a great deal 
of uncertainty as to whether any particular mine within a 
district will be able to benefit from using the technology. 
Thus, coal operators may avoid purchasing technologies where 
they may never be allowed to reap the productivity benefits. 
MSHA is in the process of establishing a system to revise 
those standards for which a large number of petitions for modi- 
fications are granted. Through this system MSHA hopes to 
create a climate in which new technologies are recognized, 
further developments are encouraged, and the time and paperwork 
required in the petition process are reduced. On examination, 
however, this system was found to be cumbersome and time 
consuming. Under Federal law the process of revising MSHA 
standards takes a minimum of one year. In practice however, 
it takes about 4 years from the time MSHA decides it wants 
to change a standard until the time it does so. This 4- 
year period does not include the development time for a new 
technology or the time needed for in-mine testing. The total 
time from starting development to final revision of a standard 
could be as long as 7 years. Given these time periods, 
the overall impact of this process on reducing coal operators 
uncertainty is questionable. 

Coal operators may also not purchase new safety technolo- 
gies because workers and management resist them. A Bureau of 
Mines official reported that this problem is exacerbated by 
equipment manufacturers not adequately testing machines before 
introducing them into mines. Thus, the equipment appears to 
be unreliable and mine management and workers reject it. 

Ways to improve technology transfer 

The Bureau has a technology transfer program including 
such activities as special publications, films, seminars, ex- 
hibits, demonstrations, and briefings. However, this program 
does not appear to effectively overcome coal industry resist- 
ance to new safety technologies. Further, the Bureau of Mines 
has limited its efforts primarily to developing and demon- 
strating new safety technologies. Equipment manufacturers are 
not effectively advancing the technology from the demonstra- 
tion to commercialization stages. Secondly, given the present 
uncertainty over MSHA willingness to allow the use of new 
technologies, it is important that MSHA make every effort to 
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shorten the period of time needed to change the relevant stan- 
dards. This would reduce uncertainty about the productivity 
benefits of new safety technologies and would promote their 
use. MSHA has already improved this situation by establishing 
a committee which systematically examines granted petitions 
for modification to determine the need for altering regulations. 
Increased efforts to reduce uncertainty about the likelihood 
operators will be granted modification petitions for using 
specific safety technologies would be helpful. MSHA should 
devise ways to minimize the regulatory lag which now delays 
introduction of productivity enhancing equipment that does not 
impair mine safety. 

STATE SURFACE MINE RECLAMATION 
LAWS AND LOW PRODUCTIVITY 

Responding to the growing public awareness of the undesir- 
able environmental effects of surface mining, many coal mining 
States enacted or strengthened reclamation laws during the 
late 1960s and early 1970s. The Federal Government also re- 
sponded by passing the Surface Mining Control and Reclamation 
Act of 1977. Prior to the 1977 act, Federal reclamation laws 
applied only to federally leased coal lands. This report does 
not address the Federal surface mining law, since it was re- 
cently implemented and its effects are not yet apparent. 

Coal industry officials often cite these State laws as 
the factor most responsible for the leveling out and eventual 
decline in surface mining productivity. Our survey of surface 
mines and statistical analysis support this view. As more 
stringent reclamation laws were enacted, surface mines were 
required to allocate more workers and equipment to reclamation 
activities. To accomplish this, additional workers were hired, 
and existing workers switched from production to reclamation 
and productivity suffered. ' 

Major aspects of State laws . 
In 1964, only seven States had comprehensive reclamation 

laws.* In contrast, by 1975, 23 States had enacted reclama- 
tion laws. Because a large number of States are involved, our 
discussion focuses on the laws enacted by the eight top strip 
mining States. These are Kentucky, Pennsylvania, Wyoming, 
Ohio, Montana, Indiana, Illinois, and West Virginia, and they 
accounted for 75 percent of all surface coal production in 
1977. 

*Kentucky, Illinois, Indiana, Maryland, Ohio, Pennsylvania, 
and West Virginia. 
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The following information summarizes the surface mining 
legislation enacted in each of these States since 1966. 291 

Illinois 

Requires that the spoils be graded to a minimum 
width of 18 feet for pasture reclamation and that 
visible areas within 660 feet of a public road 
be graded to a slope of 30 percent or less. All, 
pasture land is to be graded to a slope of 15 percent 
or less and row crop agricultural areas to 
within 4 percent of its original grade. For row 
crop agricultural reclamation, from 8 to 18 
inches of darkened surface soil must be removed, 
segregated from the other spoil, and replaced after 
spoil grading is completed. 

Indiana 

Requires that row crop agricultural areas be 
graded to a maximum slope of 8 percent, pasture 
and hay land be graded to a maximum slope of 25 
percent, and forest or range land be graded to 
a maximum slope of 33 percent. 

Kentucky 

Requires surface mine operators to return the land 
to its original contour. This law also requires 
certain procedures to prevent erosion from water 
runoff. 

Ohio 

Land must be returned to a gently rolling contour. 
The top soil must be removed, piled separately, 
and later replaced after the area has been mined 
and graded. In areas of prime farm land, each 
horizon or layer of soil must be removed, segre- 
gated and later replaced so that land will provide 
a crop yield equal to or greater than that provided 
prior to the mining. 

Pennsylvania 

Requires backfilling to original contour coverage 
of exposed coal and leveling of peaks or ridges 
necessary for planting. Requires removal and 
segregation of topsoil. Twelve inches of topsoil 
must be replaced, conditions permitting, or all 
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available topsoil. Requires a detailed descrip- 
tion of the types of planting which shall be done. 

West Virqinia 

Includes strict grading and backfilling provisions 
for both area and contour-type mining. Highwalls 
cannot exceed 30 feet from bench or slopes or 60 feet 
from horizontal. Detailed standards for revegetation 
are also included. 

Montana 

Requires grading to orignial contour, no slopes 
greater than 20 feet, and elimination of highwall. 
Topsoil must be separated and replaced. Revegeta- 
tion with permanent, diverse, and primarily native 
species required. 

Wyoming 

Requires separation and return of topsoil. Requires 
returning land to a condition equal to or greater than 
"the highest previous use." Requires revegetation where 
applicable. 

Except for Indiana and Kentucky, these States enacted or 
strengthened surface mining reclamation requirements between 
1971 and 1975. The most stringent of new requirements were 
legislated in West Virginia and Ohio in the East, Illinois in 
the mid-West, and Wyoming in the West. These additional re- 
quirements improve the environment, but these improvements 
cost something, and part of the price is lower surface mining 
productivity. 

Reclamation impacts on productivity 

We interviewed State surface mining officials and surface 
mine operators in seven of the eight top producing States. 
A total of 18 surface mines were visited. All mining operators 
contacted agreed that State reclamation laws have lowered 
productivity. They pointed to the additional manpawer needed 
for stricter grading, topsoil segregation, and topsoil replace- 
ment as having had the greatest negative impact. For example, 
before 1971, Illinois strip miners were only required to grade 
the tops of spoils. Since then, however, all spoils had to be 
graded to a slope of 15 percent or less and agricultural areas 
had to be returned to within 4 percent, of original grade. 
These requirements are quite similar to reclamation require- 
ments implemented in other States from 1966 to 1977. 
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Table 7 shows the trend in productivity for the major 
coal producing States along with the year in which a major 
reclamation law or amendment was enacted. All these States 
suffered a decline in productivity within 1 or 2 years of a 
laws' enactment.* Kentucky and Indiana declined continuously 
after their laws were enacted in 1966 and 1968. Ohio's and 
West Virginia's surface productivity remained constant until 
1971-72 when, with passage of laws, it too began to fall. In 
Pennsylvania, where reclamation laws were in effect throughout 
the period, productivity averaged around 2.7 T/Wh between 
1966 and 1978. In contrast, Montana and Wyoming realized 
substantial increases in surface productivity in the late 1960s 
and early 1970s. Montana's productivity increased from 12.1 
T/Wh in 1968 to 18.0 T/Wh in 1972. A drop to 13.3 T/Wh oc- 
curred when reclamation laws were enacted in 1973, with a 
rebound back to 16.8 T/Wh by 1977. Wyoming showed a similar 
pattern. 

Most strip mines visited did not have data on the specific 
machinery and personnel acquired to reclaim the land. However, 
several indicated that machinery and personnel had been added. 
For example, a small surface mine in Ohio added two scrapers 
and two workers in 1973. A larger surface mine in Ohio added 
five men and several pieces of equipment from 1974 to 1977. 
Several mine superintendents indicated that they had not added 
workers or equipment to comply with State laws but had allo- 
cated a larger portion of existing worker time to reclamation 
activities. 

One indication of the increase in the amount of equipment 
being used for reclamation work is the increased number of 
bulldozers and carryall scrapers used at surface mines. These 
machines are used for overburden removal and reclamation work. 
In 1969 there were 4.3 bulldozers per million tons of surface 
coal production in the United States. This rate increased 
steadily until by 1973, it had almost doubled to 8.2. By 1975, 
the rate doubled again to 16.1 bulldozers per million tons of 
surface production. Carryall scrapers showed a similar trend, 
increasing from 0.3 to 2.1 scrapers per million tons between 
1969 and 1976. 

Available data on employment by occupation for the years 
1972 to 1975 show the impact the increase in the use of bull- 
dozers has had on manpower required. In 1972 there were 
3,202 bulldozer operators employed at surface coal mines, 

*A detailed examination of all surface mining states revealed 
that 15 out of 23 states showed a similar decline. 
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State 

Kentucky 

Pennsylvania 
(note b) 

Wyoming 

Ohio 

Montana 

Indiana 
2 

Illinois 

West Virginia 

SOURCE: Mine Enforcement and Safety Administration, Information Reports, 1966-1975. 
Mine Safety and Health Administration, Information Reports, 1976-78. 

1966 1968 

c/7.6 7.1 

2.7 2.4 

7.4 7.5 

4.0 4.5 

d/ 12.1 

6.6 c/6.1 

6.8 c/6.4 

3.8 3.7 

Table 7 

Surface Mining Productivity Versus 
Ena-ctment of State Reclamation Laws (note a)- 

. 

1969 1971 1972 1973 ---- 

6.5 5.8 5.3 g4.9 

2.7 c/2.9 2.7 3.1 

~17.1 a.9 7.4 ga.5 

4.6 4.7 c/4.5 4.0 

16.8 la.0 la.0 ~113.3 

6.4 6.0 5.4 5.3 

6.0 c/5.6 5.1 4.6 

4.0 c/3.5 2.9 3.5 

1974 1975 1976 1977 1978 

3.6 3.1 3.1 3.0 2.3 

3.1 2.5 2.6 2.7 2.6 

8.6 4.6 6.1 6.3 7.9 

3.6 3.1 2.9 3.0 2.5 

15.6 16.5 16.2 16.8 12.1 

4.6 3.8 3.4 3.4 2.7 

3.9 g3.9 3.5 2.9 2.5 

2.8 2.0 2.1 2.2 2.1 

a/Productivity = tons per worker-hour. Excludes auger mines, culm banks, and dredges. 

b/Excludes anthracite production. 

c/Years in which surface mining laws were enacted or amended to include additional 
reclamation requirements. 

d/Not applicable. 
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4,015 in 1973, 5,830 in 1974, and 6,261 by 1975.* This repre- 
sents a Ill-percent increase in 4 years, with the largest jump 
(50 percent) coming between 1972 and 1973. It cannot be 
determined exactly what portion of these additional workers 
were being used to increase production. Surface coal produc- 
tion increased only 10 percent between 1972 and 1974, years 
when the number of bulldozer operators increased 80 percent. 
This indicates that a large portion of these additional workers 
were being employed on nonproduction (reclamation) related 
activities. 

Our quantitative analysis revealed that the use of carry- 
all scrapers by the industry had a small dampening effect on 
productivity. A lo-percent increase in the number of carry- 
all scrapers industry-wide results in only a 0.3-percent 
average reduction in productivity. This suggests that the pos- 
itive contribution of scrapers to production is slightly out- 
weighted by their use in reclamation. The opposite was found 
for bulldozers, where a larger relationship existed. A lo- 
percent increase, here, results in a 2.3-percent increase in 
productivity. This indicates that their importance in coal 
production offsets their role in reclamation. The mines we 
visited employed bulldozers primarily for production and 
carryall scrapers primarily for reclamation. A more precise 
measurement of how additional reclamation by bulldozers and 
scrapers affect productivity depends on having information on 
their reclamation work isolated from production work. Such 
data does not exist. However, a DOE study using different 
methods found a strong negative influence of reclamation laws 
on productivity. 30/ - 

CONCLUSIONS 

MSHA regulation was a major cause of productivity decline 
during the initial years of the MSHA Act's implementation. 
MSHA's enforcement of the act is no longer a significant cause 
of productivity decline. However, new regulations or increased 
enforcement efforts may cause temporary productivity problems 
of a smaller magnitude than what the coal industry experienced 
in the early 1970s. 

Compliance with roof control, ventilation and dust con- 
trol, and environmental monitoring regulations are also no 
longer significant causes of productivity decline. However, 
these requirements have caused a permanent productivity loss. 

*Employment data for scrapers were not available. 
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This productivity loss is the price the coal industry and con- 
sumers are paying for improving mine safety. 

MSHA regulation has reduced coal mine fatalities and 
disasters dramatically, yet, these same regulations have 
caused the decline in productivity. However, MSHA regulation 
has not effectively reduced the frequency of nonfatal dis- 
abling injuries caused primarily by human error. Increased 
MSHA and industry safety training of miners and supervisors 
might help reduce nonfatal accidents. 

The Bureau of Mines and coal equipment manufacturers are 
not adequately transferring technologies to the coal industry 
that would reduce the adverse productivity impact of safety 
and health regulation. Greater assurance from MSHA about 
which safety technologies coal operators can adopt to receive 
relief from productivity-reducing regulations might increase 
industry's acceptance of the new technologies. Further, 
equipment manufacturers and the Bureau of Mines should test 
and perfect new safety technologies more before attempting to 
commercialize them. 

An examination of trends in individual States' surface 
mining productivity indicates a close relationship between 
productivity and the enactment of State reclamation laws. A 
small negative relationship was found between productivity 
and carry-all scrapers which are used primarily in reclamation 
activities. These results support the views expresse,d by the 
surface mine operators of the mines we visited. As mines com- 
plied with stricter reclamation requirements, added equipment, 
and workers were allocated away from production and productiv- 
ity suffered. This lost productivity is a cost we pay for a 
restored environment. 

. 
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CHAPTER 4 

TECHNOLOGY, GEOLOGY AND INDUSTRY STRUCTURE 

AS CAUSES OF LOW PRODUCTIVITY 

Changes in mining technology, worsening geological condi- 
tions, and the entry of new mines into the industry have been 
pointed to aa factors having major impacts on the productivity 
of both surface and underground mines. In underground mining, 
for example, the increased use of continuous mining machines 
was a major factor responsible for the phenomenal growth in 
productivity which occurred in the 1950s and 1960s. On the 
other hand, worsening geological conditions due to a slow de- 
pletion of the resource base has been hypothesized as a pos- 
sible reason for lower productivity since 1969. Finally, the 
entry of a large number of new mines into the industry during 
the 1970s has been suggested as a possible reason for declin- 
ing productivity. These new mines may have to allocate addi- 
tional time and resources to development work, resulting in 
lower than average productivity during initial production 
years. 

We found that the type of technology employed by a coal 
mine will have substantial affects on the level of productiv- 
ity achieved. This is true for both surface and underground 
mining. Geological conditions, while important in surface 
mining, were less of a factor leading to lower productivity in 
underground mining. The entry of a large number of surface 
mines into the industry, beginning in 1974, lowered productiv- 
ity. This is due to the long start-up time for new mines be- 
fore they reach their full productive potential. 

TECHNOLOGY 

While coal mining technology has not caused productivity 
to decline, it has not advanced sufficiently to offset produc- 
tivity losses due to other factors. In underground mines, 
technological improvements in coal cutting and haulage could 
increase productivity substantially. Specifically, improving 
the reliability of coal cutting machines would allow them 
to realize their productive potential, while faster haulage 
systems are needed to keep pace with the more productive cut- 
ting machines. In surface mines, overburden removal and coal 
loading are the areas with the greatest potential for produc- 
tivity improvements. 

Large coal companies are engaged in research to improve 
the reliability of existing equipment, while equipment manufac- 
turers do limited research to advance the state of coal mining 
technology. Advanced coal research is conducted primarily by 
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the U.S. Government. The Department of Energy conducts 
advanced coal mining technology research. Current 
Department of Energy coal technology R&D efforts will not 
substantially increase productivity in the near term, and 
a shrinking budget will curb future research. 

Underground coal mine technology 

The four basic stages of underground coal production are 
cutting, loading, roof support, and hauling. Our analysis 
shows that the greatest coal mining productivity gains can be 
achieved by improving the reliability of coal cutting machines 
and improving haulage from the face. This is because advances 
in machine maintenance programs and haulage systems have not 
kept pace with productivity advances in cutting coal. 

Coal cutting machines 

There are three coal cutting methods: conventional, con- 
tinuous, and longwall. Conventional mining consists of 
mechanically cutting, drilling, blasting, and loading the 
coal onto cars or a conveyor and out of the mine. About one- 
quarter of underground bituminous coal production in 1977 
was cut by conventional cutting machines. 

Continuous miners cut the coal by ripping it off the face 
with a revolving cutter and loading it without blasting. Be- 
cause they reduce the number of operations of conventional 
mining, they should be more productive. In 1977, 6'4 percent 
of coal production at underground bituminous mines was cut 
by continuous miners. 

Both conventional and continuous mining methods require 
miners to be protected by roof supports. Both conventional 
and continuous miners must be withdrawn from the face to allow 
the roofbolter to support the roof. Roofbolting is the longest 
procedure in the production process and production must wait 
until roofbolting is completed. 

Longwall mining greatly reduces the amount of roofbolting. 
In longwall mining, coal is cut by a blade or revolving cut- 
ting head pulled back and forth across the face. The coal 
falls onto a conveyor belt which removes it. The roof over 
the area being mined is held up by movable steel supports 
which advance with the machine and is allowed to collapse 
behind the machine as it advances. Longwall mining is poten- 
tially more productive than conventional and continuous mining 
because the machine can advance continuously, because there 
are less haulage delays, and because it allows recovery of 
more coal than by the room-and-pillar method used with conven- 
tional and continous mining. While commonly used in Europe, 
this method is not used much in the United States due to high 
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costs anU inappropriate geological conditions. In 1977 only 
5 percent of all underground bituminous coal was produced 
by longwall miner. 

Since 1969 coal cutting technology has not advanced suf- 
ficiently to offset productivity decline due to MSHA regula- 
tion, labor problems, and other causes. Observers have cited 
three explanations for the lack of technological advance in 
coal cutting. They are: 1) the switch to more productive con- 
tinuous mining has already taken place, 2) dontinuous mining 
did not realize its productive advantage over conventional 
mining, and 3) the switch to more automated techniques such 
as longwall mining did not materialize. 

The 63 percent growth in productivity between 1950 and 
1969 wae largely attributed to increasing coal mine mechaniza- 
tion. Continuous mining reduces the number of steps in the 
mining process from five in conventional to three and reduced 
crew size per mine section from an average of 9 to 6. In 
1959, 1 percent of underground coal was produced by continuous 
miners compared to 50 percent in 1969 and 63 percent in 1976. 
Secondly, the amount of coal loaded by hand decreased from 30 
percent to 3 percent between 1950 and 1969, and by 1973 it was 
less than 1 percent. Between 1960 and 1969 the share of 
underground coal produced by continuous miners grew by an 
average of 7 percent annually, while between 1969 and 1977, 
the annual rate of growth was 3 percent. 

A second reason why coal mining productivity has not ad- 
vanced during the 1970s is that more productive continuous 
mining equipment did not realize its productive advantage over 
conventional mining. MSEIA regulation and the 1974 union agxee- 
ment, along with problems in machine reliability have prevented 
these methods from achieving their productivd potential. Our 
etatistical analysis measures the contribution to productivity 
of individual pieces of equipment employed by mines operating 
throughout the industry under differing conditions from 1972 
to 1977. These results represent statistical estimates of the 
mean or average productivenetis of each equipment type. In an 
actual operation the productivity of individual pieces of equip- 
ment will vary above and below these estimates. Statistically 
it is possible to calculate a range or interval in which we can 
say, with a high degree of confidence, the actual level of 
productivity will fall. Table 8 presents our estimates of the 
impact on industry-wide productivity of a lo-percent increase 
in different types of mining equipment. The data is presented 
in terms of a 95 percent confidence interval--we are 95 percent 
confident that the resulting change in industry-wide produc- 
tivity will be within the ranges given. Of greatest interest 
is the relative ranking of equipment types rather than the 
absolute level of productivity achieved. As such, the results 
should be viewed more as identifying areas within the industry 



where technological improvement would have the largest produc- 
tivity benefits rather than as an exact formula for designing 
the most efficient production process within an individual 
mine. Based on our estimates we would not, for example, make 
the statement that all underground mines increase their use 
of certain equipment by some fixed percentage since other 
constraints may not warrant such an increase. As the table 
shows our analysis of mining machines operating during the 
1972 thru 1977 period revealed that conventional cutting ma- 
chines were actually more productive than continuous miners. 
A lo-percent increase in the number of cutting machines would 
result in an average 2.4-percent increase in productivity as 
compared to 1.3-percent increase for continuous miners. A 
study by Oak Ridge Associated Universities also agrees with 
our finding that continuous mining lost its advantage after 
passage of the MSHA Act. l/ MSHA regulations which limit the 
advance of continuous miners to 20 feet and stringent MSHA 
standards for the permissibility and maintenance of electrical 
equipment are major reasons why continuous miners lost their 
productive advantage in the 1970s. In addition, the National 
Bituminous Coal Wage Agreement of 1974 required two additional 
workers per continuous section and only one additional worker 
per conventional section. This helped to give conventional 
mining a productive advantage over continuous mining. 

Table 8 

Industry-Wide Productivity Impact of a lo-Percent 
Increase in Production Equipment (underqround mines) 

(note a) 

Equipment type Percent increase in productivity 
(95 Percent Confidence) 

Lower Most Likely Upper 
Limit Effect Limit 

Cutting machines +1.6 +2.4 +3.2 
Shuttle car capacity +1.5 *+2.1 +2.7 
Continuous mining machines +0.5 +1.3 +2.1 
Longwall machines +O.l +1.2 +2.2 
Track length +0.1 +0.6 +1.1 
Belt length +0.04 +0.2 to.3 

a/Equipment types listed are 'those found to be statistically 
Significant at the 0.05 level. A more complete discussion 
of the results can be found in appendix I. 

More sophisticated mining methods may also be less produc- 
tive in practice than their potential suggests due to their 
unreliability. More complicated machines require more mainte- 
nance and break down more often. The Office of Technology 
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Assessment (OTA) reports that continuous miners only produce 
20 to 30 percent of the time. 2/ The Bureau of Mines reports 
a loss of one third of available production time due to contin- 
uous mining machine failure. 3/ Emory Ayers Associates, Inc., 
found that an increase of equTpment availability of just 5 per- 
cent could increase production by 25 percent. $/ Given the 
environment they must operate in, mining machines are inevit- 
ably less reliable than other modern machines. However, a 
study by J.J. Davis Associates concluded that the real problem 
of mining machines is inadequate maintenance. 5/ Maintenance 
programs have not kept pace with the growing mschine 
complexity. The J.J. Davis study further states that the lack 
of preventive maintenance and insufficient training of shif,t 
mechanics are the primary reasons for mining machine failure. g/ 
Coal operators we surveyed reported that increased mainte- 
nance of MSHA-required safety equipment exacerbates this prob- 
lem. Emory Ayers reports that productivity is higher in mines 
that have scheduled maintenance shifts and practice preventive 
maintenance. 7/ In fact, they found that higher productivity 
mines often sFent up to five times the time on preventive 
maintenance than lower productivity mines. Besides unreli- 
ability, more complex machines are more likely to shut down 
section production entirely when they fail since they combine 
several mining steps and their cost may prohibit operators 
from owning spare machines. Conventional cutting machines 
are the least complex and expensive cutting machines and so 
are more reliable and less likely to shut production down 
entirely. 

A popular explanation for slow technological advance in 
coal is the industry's slow acceptance of the longwall miner. 
In 1977, only 73 longwall machines were operating in the United 
States. The share of underground coal produced by longwall 
miners only grew from about 1 percent to 5 percent between 
1967 and 1977. Growing use of longwall miners has been slow 
because increased production has not offset the high cost 
of longwall mine operations. It may cost as much as $10 mil- 
lion to initiate longwall operations. * 

As in the case of continuous miners, longwall miners may 
not achieve their high potential productivity. In addition to 
reliability problems, longwall miners lose the 2 to 3 weeks 
production time it takes to move them from section to section. 
In addition, the U.S. has better mining conditions and thicker 
seams than Europe. Thus * the high recovery rate of longwall 
systems as opposed to room and pillar is not as important an 
advantage as in Europe where longwall mining is the primary 
method utilized. In addition, since American mines are gener- 
ally not as deep as European mines, our roofs do not break 
easily as required by the longwall process. A final reason 
why coal operators have been slow to adopt longwall mining is 

82 



that they have to purchase a whole new haulage system to accom- 
modate the large amount of production coming off the face. 

Our analysis shows that the coal industry's present re- 
luctance to invest in longwall mining systems is based on a 
reasonable assessment of their actual cost versus productivity 
improvement. Referring back to table 8, of the three under- 
ground mining methods--conventional, continuous, and longwall-- 
our results indicated that longwall machines were the least 
productive. However, longwall miners have the benefit of im- 
proving worker safety. Their movable roof support system and 
the reduction of workers at the face make longwall mining safer 
than other mining methods. 

Coal haulage systems 

Coal is generally first loaded onto shuttle cars or 
gathering conveyor belts and hauled out of the mine by rail 
or conveyor belt. The most common main haulage method is by 
conveyor belt. The most common track haulage vehicles are 
mine cars pulled by locomotives. Both conveyor belts and mine 
cars are used as a means to transport workers. Rubber-tired 
tractors and trailers are also occasionally used to haul 
coal out of the mine. 

Our coal industry survey, an OTA study, and discussions 
with DOE officials revealed that haulage systems are a main 
bottleneck in the production process. Technical developments 
in coal cutting equipment have overwhelmed mine haulage sys- 
tems, especially the transport from the face to the main haul- 
age line. As shown in table 8, our statistical results show 
that adding more shuttle capacity will increase productivity 
more than adding continuous and longwall mining machines. 
In fact, except for conventional cutting machines, the largest 
productivity gains could be achieved through increases in 
shuttle car capacity. This indicates that substantial improve- 
ments in productivity can be had through improvements in face 
haulage capacity. J.J. Davis Associates, Inc., reports that 
25 percent of the available cutting time of a continuous miner 
is lost due to face haulage delays. 8/ Thus, the addition 
of transport capacity from the face should improve productivity 
more than additions to main haulage equipment such as track 
or conveyor belts, a point confirmed in our findings. 

Surface mine technoloqy 

Surface mining generally involves the following proce- 
dures: 1) overburden removal using bulldozers, shovels, 
bucketwheel excavators, or draglines; 2) blasting using coal 
drills to make holes to place explosives; 3) coal loading 
using shovels or front-end loaders; 4) coal hauling using 
trucks: and 5) reclamation using bulldozers, motor graders, 
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or scrapers. Unlike underground mines, the types and combina- 
tions of surface mining equipment vary greatly with changes 
in geographic location and mining method employed. The four 
basic types of surface mining methods are area, open-pit, 
contour, and auger. 

Area mininq is the main strip mining method used in the 
Midwest and parts of the West. Large open pits in a series of 
long narrow strips are developed. Bulldozers, scrapers, or 
draglines are used to cut a trench across one end of a strip. 
After blasting to loosen the coal, a loading shovel lifts the 
coal onto trucks. Overburden from each new trench is used to 
fill the mined-out trenches. 

Open-pit mininq is used primarily for the thick Western 
seams which are too deep to use draglines. Front-end loaders 
and trucks remove the overburden and take the coal. 

Contour strip mininq is often used in hilly areas such as 
Appalachia. In this mining method, benches are created in the 
hillside. Smaller scale bulldozers, shovels, front-end 
loaders, and trucks than found in Western mines are the primary 
pieces of equipment used in this process. 

Auger mining is sometimes used in hilly terrain, often in 
conjunction with contour mining. However, since only 1 percent 
of all surface-mined coal in 1978 was mined by this method, we 
did not include auger mining in our study. 

Excavation and coal loadinq equipment 

Surface mining productivity can be improved by increasing 
the coal mine's overburden removal, and coal loosening and 
loading capacities. Table 9 contains the results of our sta- 
tistical analysis of the productiveness of different types of 
equipment employed from 1972 to 1977 at surface mines through- 
out the United States. As in table 8 they are presented in 
terms of an assumed lo-percent increase in the number or capac- 
ity of each type of equipment and represent 95-percent confi- 
dence intervals. Also, as in table 8, the productivity of 
individual pieces of equipment will vary above and below the 
estimated limits for the average productivity impact. As in- 
dicated in table 9, increasing the number of wheel excavators, 
bulldozers, and dragline capacity will increase productivity. 
These machines are largely used for removing overburden. How- 
ever, our results showed that of the three, wheel excavators 
are by far the most productive. A lo-percent increase in wheel 
excavators is associated with an average 3-percent increase 
in productivity, while lo-percent increases in bulldozers and 
dragline capacity increase productivity by an average 1.3 per- 
cent and 0.4 percent respectively. A major reason for wheel 
excavators' superior productivity is that they are often 
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Table 9 

Industry-Wide Productivity Impact of a 10 Percent 
Increase in Production Equipment (surface) 

(note a) 

Equipment type Percent increase in productivity 
(95-Percent Confidence) 

Lower Most Likely Wper 
Limit Effect Limit 

Wheel excavators +1.2 + 3.0 +4.8 
Front-end loaders +1.8 + 2.9 +3.9 
Coal drills +0.9 + 2.4 +3.9 
Bulldozers +0.1 + 1.3 +2.5 
Dragline capacity -0.2 + 0.4 +0.9 

a/Equipment types listed are those found to be statistically 
significant at the 0.05 level. A more complete discussion 
of the results can be found in appendix I. 

used to remove soft overburden. Soft overburden is easier to 
remove and thus one should expect to find a higher productiv- 
ity associated with equipment that removes it. Bulldozers are 
also highly productive, although not nearly as much as wheel 
excavators. Bulldozers are often used for overburden removal 
in smaller mines in the Midwest and Appalachia. However, they 
are also used for reclamation, a nonproduction activity. This 
explains their lower productivity benefits. 

Increased capacity for loosening coal should increase pro- 
ductivity significantly. Our results in table 9 show that in- 
creasing the number of coal drills by 10 percent will increase 
productivity by an average of 2.4 percent. Coal drills make 
the holes needed for blasting the coal to loosen it for removal. 

Increasing coal loading capacity will als'o increase produc- 
tivity. Our analysis shows that increasing the number of front- 
end loaders will bring substantial productivity improvements. 
Increasing the number of front-end loaders will improve produc- 
tivity more than will increasing the number of power-shovels. 
This may be because power shovels are also used for overburden 
kernoval. Front-end loaders bring substantial productivity benc- 
fits because they are fast, flexible, and, unlike shovels, are 
used almost exclusively for loading coal. Front-end loaders 
are most common in open-pit mining in the West, although they 
are also used in the Midwest. However, the fact that they 
bring such large productivity benefits may signify that not 
enough of them are being used in mining thick Western seams. 
However, it is unclear whether front-end loader capacity can 
be increased in the West. Production limitations due to lack 
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of sufficient rail transportation may constrain increasing 
coal loading capacity. 

Unlike underground mining equipment, where reliability is 
the greatest constraint to productivity improvement, surface 
mining productivity could be best improved by increasing the 
capacity of excavating and coal loading equipment and the effi- 
ciency of their use. Further, increasing the amount of mining 
of thick seams in the West could improve productivity. 

Industry and government 
research and development efforts 

Our analysis shows the greatest room for technological 
improvements in underground mining are in improving the 
reliability of coal cutting equipment, finding ways to offset 
the impacts of MSHA regulation, improving longwall mining tech- 
niques, and improving haulage. Coal equipment manufacturers 
and large coal companies are doing research on improving the 
speed and reliability of existing equipment but are doing 
little research on advanced mining systems. The Department 
of Energy is doing substantial research on advanced mining 
techniques that would offset some of MSIIA's adverse produc- 
tivity impacts, improve longwall mining, and improve haulage. 
However, DOE is decreasing its advanced technology research. 

Industry research 

Coal producing companies and equipment .manufacturers 
have focused on technology research that reduces the cost 
of operating existing equipment. A recent National Academy of 
Sciences study explains why the coal industry shies away from 
advanced technology research. z/ The study cites difficulties 
in adjusting to supply and demand forces, the large investment 
required in existing productive capacity, and uncertainties in 
government policies, laws, and regulations necessitate that 
only research with low risk and immediate benefits be under- 
taken. 

Because equipment breakdown and failure are major causes 
of high costs and production interruptions, coal companies are 
pursuing ways of improving the reliability and speed of exist- 
ing machinery. Consolidation Coal Company (Consol), for ex- 
ample, aims to increase productivity by improving the avail- 
ability of existing equipment. Consol is developing a com- 
puterized accounting system for reporting equipment performance 
and down time to analyze and reduce problems in these areas. 
The system is meant to identify components that require re- 
design, improve maintenance, and change equipment usage pat- 
terns. 
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Another coal company pursuing similar efforts is Peabody 
Coal Company. Peabody is attempting to improve machine 
availability and the speed of slower machinery at the face. 
The system that Peabody is developing gives management the 
ability to monitor face equipment to determine if certain 
machines consistently malfunction or work slower than other 
equipment in the mining cycle. In this way, Peabody 
believes it can improve slower machines and productivity. 
Neither Consol nor Peabody are doing substantial research in 
technologically advanced equipment. 

Coal equipment manufacturers do limited research to 
develop advanced mining systems. A DOE study prepared by 
Bituminous Coal Research, Inc., showed that in 1978 eauioment 
manufacturers spent $36 million on coal mining R&D.* lo/ 
Coal equipment manufacturers do research on advanced techniques 
that have a clear and immediate pay-off. This research will 
help offset the adverse productivity impacts of MSHA roof 
support regulations, improve longwall mining techniques, and 
improve haulage. For example, Joy Manufacturing is presently 
commercializing a continuous miner/bolter developed partly 
from DOE funds. By the end of 1980, 12 to 15 percent of its 
total mining machine production will be from these machines. 
Joy is also redesigning longwall mining machines to make them 
more appropriate for American mining conditions. The machine 
should be commercialized in 5 to 10 years. Joy Manufacturing 
will also commercialize an underground continuous haulage 
system this year. 

Government Research 

The Department of Energy's Mining Research and Develop- 
ment Program's purpose is to "increase the efficiency of labor 
and capital for the entire mine operation." ll/ DOE appears to 
focus its research efforts on projects that will increase 
productivity substantially. However, these efforts will not 
substantially increase coal productivity until the late 1980s. 
Further, future technological advances to improve productivity 
will be curbed by a shrinking coal mining research and devel- 
opment budget. Given the importance to national energy goals 
of improving coal mine productivity, DOE should maintain or 
speed up advanced technology research projects bearing large 
productivity increases. 

DOE's Mining Research and Development Program had a 
budget of $76 million in fiscal year 1979.* Underground 

*Coal mining R&D includes expenditures for reclamation, under- 
ground and surface equipment, mine systems design, materials 
handling, electrical, and materials and supplies. 
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mining R&D receives DOE’s primary emphasis, receiving 70 
percent of the mining R&D budget in 1979. This is consistent 
with our finding that underground mining has far greater pro- 
ductivity problems than surface mining. DOE is researching 
underground advanced mining technologies that will help offset 
adverse productivity impacts of MSHA’s roof support require- 
ments, improve longwall mining, and improve haulage within 
the mine. Our statistical analysis identified these areas 
as having the potential for improving productivity. 

DOE’s major effort in underground mining R&D is the devel- 
opment of a fully integrated miner-bolter system. At present, 
a substantial portion of production time is lost while roof 
supports are put into place. This has been especially true 
since MSHA regulation reduced the advance of the continuous 
miner before bolting to 20 feet. A miner-bolter would allow 
miners to extract coal continuously by cutting coal and roof 
bolting without losing production time. However, this system, 
which seems to have considerable promise in terms of allevi- 
ating a major face production bottleneck (i.e., stopping the 
continuous miner while roof supports are put into place) is 
probably at least 6 to 8 years from commercialization. Less 
automated miner-bolter machines have been available for the 
industry since the 1950s. 

Another area receiving considerable attention in DOE’s 
underground mine R&D efforts is developing an automated long- 
wall system. This system would automate shearing and face 
advancement operations which are currently controlled by man- 
ually activated hydraulic control valves. Each component can 
be introduced separately for commercialization but this will 
take at least 3 years. 

DOE has also given considerable attention to developing 
haulage systems which will reduce face production bottlenecks. 
Both rail and belt haulage systems are being developed for face 
and main line haulage. The capacity and flexibility of these 
systems are the major goals of the R&D efforts in this area. 
The primary benefits expected from an automated haulage system 
would be lower overall haulage costs per ton, increased produc- 
tion through minimizing delays , greater equipment utilization 
and reduced down time. Although DOE is placing substantial 
emphasis on these automated haulage systems they expect few, 
if any to be commercially available before 1985. 

DOE had budget authority for $12.6 million in fiscal 
year 1979 for surface coal mining research. The lower funding 
for surface reflects DOE’s assessment that the largest tech- 
nological constraints to improving productivity are presently 
in underground mining. Unlike underground mining projects, 
DOE’s surface mining projects are already commercially 
available or will be so shortly. DOE contracts emphasize 
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improvements in extraction and reclamation systems that allow 
for higher rates of production with improving the performance 
of present systems. DOE is also allocating considerable resources 
to develop new techniques and equipment for excavation, continuous 
haulage, and environmentally acceptable reclamation. Two DOE 
projects that should bring substantial productivity improvements 
are the computerized dragline and low wall haulage. The computer- 
ized dragline consists of an on-board computer which helps optimize 
normal tasks on a cycle-by-cycle basis. A computerized dragline 
should increase productivity by 5 to 10 percent and is already 
commercially available. DOE has also developed a low wall haulage 
system which would use conveyors to replace trucks in handling 
overburden. This would alleviate pit congestion and production 
hindrances common in surface mining. DOE expects this $1 
million system to be commercially available by next year. 

DOE's Director of the Office of Coal Mining, Fossil Energy 
Division felt that substantial productivity benefits could be 
gained by increasing funding of both underground and surface , 
advance technology research. The primary underground mining 
projects that would produce these benefits are expanding miner- 
bolter research, improving face and main haulage, and further 
research on adapting longwall mining to American conditions. 

Miner-bolters could be developed for use in seams lower 
than the present 6 to 8 feet, and for different types of con- 
tinuous mining machines. Both face and main haulage can be im- 
proved through increased research in hydraulic and pneumatic 
transport and improving the reliability and flexibility of 
belts for continuous haulage. 

The DOE Office of Coal Mining official also felt that 
surface mining productivity could be increased by about 40 
percent within 10 years. However, he felt that this would re- 
quire increasing surface mining research funds by four to 
five times. Projects that would improve productivity in East- 
ern contour mines would improve materials handling and exca- 
vation. Productivity improvements in area mines in the West 
and Midwest could best be achieved by improving the efficiency 
of the dragline and developing a cross-pit conveyor system. 
A cross-pit conveyor would move overburden and coal from the 
hiqhwall to the reclamation side of the pit, thereby avoiding 
the use of trucks in the pit. 

While we have not done an independent analysis of the 
productivity gains likely to be achieved through increasing 
funding for the above-mentioned projects, it is evident that 
technological advances can increase productivity substantially 
in both underground and surface mines. However, DOE has 
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decreased its underground and surface mining R&D budget from 
$60 million in fiscal year 1979 to $34 million in fiscal year 
1981. Further, fiscal year 1980 spending for underground and 
surface coal mining R&D was cut by 23 percent due to a budget 
recision. Given the large productivity benefits these projects 
are capable of achieving, we feel that DOE should try to allo- 
cate sufficient resources to projects that will increase pro- 
ductivity substantially. Further, DOE should find ways to 
speed up current projects so that productivity benefits can 
be achieved sooner than 1985. 

GEOLOGY 

Geological conditions affect productivity in both under- 
ground and surface mines. Factors such as seam thickness and 
depth, overburden, roof and floor conditions, the presence 
of gas or water, will influence production and the equipment 
used. Theoretically, as output expands seams with poorer work- 
ing conditions, greater distance from working face to mine en- 
trance or at greater depths come into production and labor pro- 
ductivity may fall. In some cases, these negative influences 
cannot be compensated for by substituting more advanced tech- 
nology since the poorer working conditions may themselves be 
a constraint on the type of equipment used. 

We assessed the impact of geological conditions on produc- 
tivity at each mine we visited and by statistical analysis. We 
concluded that, although geological conditions are important to 
an individual mine's productivity, they have not worsened to 
the point of being a major cause of the overall decline in 
either surface or underground mining productivity. 

Surface mines 

Geological conditions have a substantial impact on the 
productivity of individual surface mines. Most surface mine 
operators we visited stated that the thickness and composition 
of overburden-- and to a lesser extent excess water--reduce 
productivity. Officials at one mine complained that the 
overburden was very hard, causing dragline bucket teeth and 
scraper blades to wear out faster than normal, increasing 
machine downtime. At another mine, water softened the pit 
floor and bogged the equipment down. 

Surface mine operators could not quantify the impact 
these conditions had on productivity. Several operators 
stated that they had encountered more water and increasing 
overburden in recent years. Both of these conditions would 
decrease productivity. 
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In surface mining the proportion of overburden thickness 
to seam thickness (overburden ratio) is used to measure the 
economic potential of a mine. As the overburden thickness in- 
creases, more cover must be removed per ton of coal. Given a 
constant seam thickness, increasing overburden removed per ton 
of coal recovered eventually makes the mine unprofitable. 

We found a strong relationship between the overburden 
ratio and productivity. Assuming nothing else changed, a 
l-percent increase in the overburden ratio leads to a 1.3- 
percent decrease in productivity. Productivity for a surface 
mine is, therefore, closely related to overburden and seam 
thickness. 

These results shed additional light on why strip mining 
has been moving West despite strict reclamation laws, lower 
coal BTU content, and significant transportation problems. 
DOE data show that the overburden ratio declines substantially 
as one moves West. In the Appalachian region the ratio ranged 
from 10.4 to 28.0; in the Midwest from 8 to 25.7: and in the 
Western region from 2.1to 6.7. Because a lower ratio leads 
to higher productivity, one would expect a move to the more 
geologically favorable Western States. This is exactly what 
happened. Between 1968 and 1977 Montana and Wyoming's share 
of U.S. surface production increased from 1 to 30 percent. 
With increased coal demand this shift to western production 
should continue. 

Underqround mines 

Poor geological conditions in underground mines require 
time and effort to overcome, and therefore, decrease the total 
time available for coal production. These conditions may char- 
acterize a mining section for its entire life or may only be 
occasionally present. In addition, the geology of individual 
sections within a mine will vary from excellent to very poor. 
The important question is whether underground mining condi- 
tions overall have worsened since 1969. Our'results indicate 
that they have not. 

Poor roof conditions require more roof support while poor 
floor conditions impede equipment movement. Poor floor condi- 
tions may also require lighter equipment to be used when 
heavier machines would be more efficient and productive. Ex- 
cessive water contributes to poor floor conditions, affects 
worker morale and the operation of equipment, and may require 
extra effort to pump it out of the mine. Lower coal seams re- 
quire longer machine operation to produce the same quantity 
of coal. While poor geological conditions obviously hurt the 
productivity of individual mines, only 2 of 25 underground 
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mines visited indicated that geological conditions had wor- 
sened in recent years. 

Little quantitative information exists on geological 
conditions in underground mines. In fact, the only data avail- 
able is on seam thickness. This data revealed that seam 
thickness in mines varies greatly but has not changed over 
time. 

Our quantitative analysis showed no significant relation- 
ship between productivity and seam thickness. There are sev- 
eral possible explanations for this. Other favorable geolog- 
ical conditions may compensate for a narrow seam. For example, 
thin-seam mines tend to have better roof conditions. If it is 
a minable coal seam, mining equipment and practices can be ad- 
justed. Mines or sections with unminable seams simply do not 
produce. 

Our results shed additional light on the process of ad- 
justing to an individual mine's working environment. We found 
a strong positive relationship between a mine's cumulative 
production over time and productivity. This suggests that 
"learning by doing" is an important contribution to the level 
of productivity achieved by an individual mine. As time 
passes, mining personnel learn better ways of coping with the 
mine's geology and productivity improves accordingly. 

NEW MINES 

The entry of new mines into the industry has been pointed 
to as a possible factor in the decline inboth surface and 
underground productivity. As coal demand and prices increased 
during the mid-1970s, many mines opened. The productivity of 
these mines could have been lower due either to development 
time needed to reach top efficiency or their opening in eco- 
nomically marginal seams,. For surface mines our results in- 
dicated this to be true. 

Beginning in 1974, the entry of new surface mines into 
the industry had a detrimental impact on productivity. This 
decline was felt primarily in Eastern States. Given the small 
production of these new mines, however, the overall effect on 
productivity was minimal. No evidence showed that the entry 
of new underground mines into the industry lowered productiv- 
ity. 

In our quantitative analysis we tested the relationship 
between productivity and a mine being in its first full year of 
coal production. We found a strong relationship between new 
surface mines and productivity, i.e. new surface mines tend 
to have lower productivity. Underground mines, on the other 
hand, showed no significant correlation between productivity 
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and newness. An examination of the average productivity of 
new underground and surface mines included in our analysis 
support these findings. In 1977, the average productivity of 
these new surface mines equaled 3.0 T/Wh compared to an in- 
dustry average of 3.4 T/Wh. For new underground mines, the 
average productivity equals 1.4 T/Wh compared to 1.3 T/Wh for 
the industry. Thus, new surface mines had slightly lower than 
average productivity and new underground mines slightly higher 
than average productivity. 

An examination of MSHA data on the number of active sur- 
face mines revealed a substantial increase occurred beginning 
in 1974 in the East. The number of active surface mines de- 
clined from 1,490 in 1968 to 1,112 in 1973 and then exploded 
to 3,176 by 1978. Over 98 percent of these new mines were lo- 
cated in Eastern coal producing States. More important, how- 
ever, 85 percent of these new mines produced less than 100 
thousand tons per year and 70 percent less than 50 thousand 
tons annually. Mines producing 50 thousand tons or less ac- 
counted for less than 7 percent of 1977 total suface coal 
production. 

The small production of the majority of new mines indi- 
cates that their impact on overall industry productivity be- 
tween 1974-77 was small. However, the impact on the pro- 
ductivity in some Eastern States was substantial. Kentucky 
and Pennsylvania alone account for over 50 percent of the 
increase in surface mines. The number of Kentucky surface 
mines increased from 157 in 1973 to 676 in 1978. During this 
same period, Kentucky's productivity declined 16 percent. 
Part of the decline in the productivity of both States during 
any given year can be attributed to the entry of these new 
surface mines. 

CAPTIVE'PRODUCTION 

Captive coal production * has increased in importance 
since 1970. In that year 85 mt or 14 percent of production 
was captive. By 1977 this had increased to 121 mt or 18 per- 
cent of production. Increasing captive production came from 
growing consumption by electric utilities. Captive coal con- 
sumption by electric utilities grew from 19 to 69 mt between 
1970 and 1977. 

*Defined by DOE as that portion of mine production for con- 
sumption by a parent or subsidiary company. 
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Some individuals in the coal industry stated that the 
increase in the proportion of captive production has had a 
depressing effect on productivity in the coal industry. The 
relationship between the parent company and coal mining subsid- 
iary could result in less incentive on the part of the coal 
company to produce coal in the most efficient and cost effec- 
tive way. 

To test this contention, we took the percent of a mine's 
total production not sold on the open market and examined the 
relationship between captive mines and productivity. Our re- 
sults revealed that underground mines with a large portion Of 
captive production are slightly more productive than noncap- 
tive mines. In surface mining, no relationship was found be- 
tween productivity and captive production. 

Although our results suggest that captive mines are more 
productive, they do not confirm that these mines produce at 
lowest cost. Captive mines may for example, allocate a larger 
amount of financial resources into better equipment or train- 
ing which would increase both production and costs. 

CONCLUSIONS 

A major reason why productivity is currently declining is 
that technological advance has not been sufficient to offset 
the decline due to MSHA regulation, labor problems, and other 
causes. This is particularly true in underground mines where 
the switch to continuous mining already took place during 
the 1950s and 19609, and where MSHA regulation reduced contin- 
uous mining's productive advantage over conventional mining. 
Improving the reliability of mechanized mining machines such 
as continuous and longwall miners, offsetting some of MSHA 
regulation's adverse productivity effects, and improving haul- 
age systems will bring the highest productivity gains in 
underground mining. Increased preventive maintenance programs 
and training for mechanics would greatly improve the reliabil- 
ity of existing machinery. . 

Coal companies are engaged in research to improve the 
speed and reliability of existing equipment, while coal mining 
equipment manufacturers do advanced technology research only 
if the productivity benefits are clear and immediate. 

The Department of Energy is doing ,substantial research on 
advanced mining systems and is currently funding projects that 
will yield high productivity gains. However, budget cuts have 
reduced DOE's research efforts. Given the importance of pro- 
moting coal production to our national energy goals, DOE 
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should try to find the resources to maintain and speed up cur- 
rent projects with high productivity gains. Further, funds 
should be provided for new projects with high potential pro- 
ductivity gains. 

In underground mines , geological conditions may improve 
or worsen as the mine progresses. For example, production may 
progress into sections where poor roof conditions exist that 
require additional roof support. As the operation continues, 
however, it may progress through this area and into another 
area with good roof conditions. Therefore, the effect of geo- 
logical conditions on productivity in underground mines nor- 
mally fluctuates during the life of the mine. We found no evi- 
dence that conditions have been worsening industry-wide. Our 
statistical analysis of seam thickness revealed it has not 
been a factor in the overall industry decline in productivity. 

In surface mines, seam thickness and the amount and type 
of overburden are the primary geological conditions impacting 
productivity. We found a strong relationship between the 
overburden ratio and productivity. Low overburden ratios 
help explain both the higher productivity and increasing pro- 
duction in Western States. 

We found that the entry of new surface mines into the 
industry beginning in 1974 had a detrimental effect on surface 
mining productivity. However, the effect on overall industry 
productivity was small. 

Finally, we found no evidence that captive mines are less 
technically productive. We found that captive production has 
a small positive effect on productivity in underground mines 
but none in surface mines. Since captive mines may expend 
greater resources on equipment and training, however, this does 
not prove that they are less costly coal producers. 
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CHAPTER 5 

LESSONS FROM THE EUROPEAN EXPERIENCE* 

West Germany and the United Kingdom are two European 
countries with substantial coal production that have not shared 
our recent decline in productivity. While still lower than 
in the United States, productivity in British and West German 
coal mines has remained fairly constant or increased slightly 
without detracting from mine safety. In fact, despite poorer 
mining conditions, United Kingdom coal mines are as safe or 
safer than ours.** These facts suggest that analyzing United 
Kingdom and West German mining operations and safety and health 
regulations might indicate ways to improve U.S. productivity 
without detracting from mine safety. 

U.S. LABOR PRODUCTIVITY IS HIGHER 
THAN THE UNITED KINGDOM AND WEST 
GERMANY'S 

Table 10 compares productivity in underground coal mining 
in the United States, United Kingdom, and West Germany. U.S. 
productivity is far above that of the other countries in all 
years in spite of greater use of highly productive longwall 
mining machines in European mines. 

The primary reason for lower productivity in British and 
West German mines seems to be their poorer geological condi- 
tions. Mines are deeper and thus likely to produce more 
methane, floors and roofs are more difficult to maintain, and 
workers may be exposed to intense heat. Seams are also 
thinner, steeper, and are close together, making mining more 
difficult. l/ Adverse mining conditions reduce not only each 
worker's productivity but require extra workers for mine 
maintenance. 

Another explanation of why British and West German mines 
have lower productivity than the United States mines is that 
their operators invest more resources in safety than their U.S. 
counterparts. For example, greater resources must be devoted 
to roof and floor control such as using ringed arch supports 
and spending more manhours maintaining supports. This greater 
"safety consciousness" may be due to higher risk of injuries 
and production disruptions caused by poorer mining conditions. 

*Discussion is limited to underground mines. Nearly 90 percent 
of British coal production in 1977 came from underground mines. 

**As measured by fatality frequency. 
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A final explanation for United Kingdom and West Germany's 
lower productivity is that their mines are older than oursI 
so that faces farther away from the mine mouth are being mined. 

United Kingdom and West German 
productivity 1s not declining' 

Table 10 shows that U.S. productivity has declined while 
British and West German productivity has generally remained 
constant or increased slightly. U.K. and West German productiv- 
ity has not declined for the following reasons: new workers 
receive greater training, absenteeism seems to be less disrup- 
tive to production, mine mechanization continues to increase, 
safety regulations were instituted earlier, government safety 
and health regulation may be less disruptive to mining opera- 
tions, and workers are given production incentives. 

The number of new workers entering the U.K.'s coal mining 
industry has generally been declining since 1961, while those 
entering into the U.S. coal mines have been increasing. 2/ 
British training requirements for new miners are more rigorous 
than ours.* Thus, fewer new workers are being added to Brit- 
ain's coal mining work force, and they are better trained. 

Secondly, unlike the United States, high absenteeism 
rates 2/ in the United Kingdom do not seem to reduce productiv- 
ity. British miners are trained to perform several jobs so 
that absent members of a work team may be more easily replaced. 
Since workers are not trained to perform a range of jobs in 
the United States, workers are less interchangeable in U.S. 
mines. Thus, absenteeism may be more disruptive to production 
in U.S. mines. 

A third reason productivity is not declining in the United 
Kingdom is that operations are still being mechanized. While 
the percent of coal produced with power loading machines in 
the United Kingdom has increased almost every year since 1969, 
the U.S. percentage has remained at about 99 percent since 
1966. s/ Thus, the United Kingdom's mining industry has greater 
room for increasing productivity-improving technologies than does 
the American industry. 

& 

British and West German mine safety and health regulations 
apparently hinder productivity less than U.S. regulation. For 
example, there appears to be no relationship between the intro- 
duction of major coal mine health and safety amendments and 

*A mine machine operator will have received a minimum of 140 
days of formal instruction and 60 days of continued close 
supervision. 
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Table 10 

U.S. Underqround Productivity is Hiqher Than 
British and West German But is Declining 

(1968-78) 

U.S. U.K. West Germany - - 

(Metric tons per manhour) 

1968 2.10 0.36 
1969 2.08 0.38 
1970 1.87 0.38 0.52 
1971 1.64 0.30 
1972 1.53 0.37 
1973 1.51 0.40 
1974 1.38 0.34 
1975 1.20 0.43 0.53 
1976 1.17 0.44 0.55 
1977 1.13 0.42 0.55 
1978 1.07 0.37 0.53 

SOURCES: U.S. - U.S. Department of Labor, Mine Safety and 
Health Administration, "Injury Experience in Coal 
Mining" 1968-78 (Denver, Colorado: U.S. Department 
of Labor 1968-78), table on "Worktime, Production, 
and Productivity Data at Coal Mines in the U.S. by 
Kind of Coal and General Work Location." (1968-71: 
table 2, 1972-77: table 4, 1978: table 2), p. 13. 

U.K. - U.K. Department of Energy, Report of H.M. 
Chief Inspector 'of Mines and Quarries (London, 
England: Her Majesty's Stationary Office, 1971, 
1974), tables 3 and 5 (1968-74 mhnhours). 

United Nations, Annual Bulletin of Coal Statistics 
for Europe (New York, New York: United Nations; 1979)' 
table 2, pp. 60-62 (1975-78 man-hours). 

National Coal Board, Statistical Tables 1977-78 
(London, England: N.C.B., 1979), pp. 3-4 (1968-78 
Production). 

W. Germany - United Nations, Annual Bulletin of Coal 
Statistics for Europe (New York, New York: United 
Nations, l-9), table 2, p* 60 (all data). 
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productivity in the United Kingdom as demonstrated in figure 2. 
This may be because the most time consuming and costly health 
and safety practices were already required or practiced by in- 
dustry before the new laws and amendments were enacted. Also, 
the regulations may not be as restrictive as in the United 
States. For example, the respirable dust level at the face in 
the United States cannot exceed 2 milligrams per cubic meter 
of air, about half the acceptable level at a United Kingdom 
longwall face.* I/ 

The West German approach to dust regulation emphasizes 
flexibility. Instead of requiring the same ventilation in all 
mines, West Germany classifies work locations by their dust 
levels and sets restrictions on which miners can work, where, 
and how often. Work by lung-impaired miners in high-dust 
areas is restricted, and no worker may work more than 500 
shifts during 5 consecutive years in the highest dust areas. 
Production is not allowed in mines with dust levels exceeding 
12 mg/m3. a/ 

Methane monitoring and dust sampling are not required as 
frequently in British and West German mines. In the United 
States, the face must be tested for methane every 20 minutes. 
In the United Kingdom testing occurs every 4 hours and in West 
Germany every 2 hours. Testing is more frequent in West Ger- 
man mines if methane levels are high. Further, U.S. mining 
machines must have automatic methane monitors which will shut 
the machine down if the methane level is too high or if the 
monitor itself fails. Automatic methane monitors are only re- 
quired in British mines where the methane level exceeds 0.5 
percent in volume for six consecutive readings. z/ Thus, un- 
like the United States, most British mines do not encounter 
production shutdowns from methane monitor failure. 

British and West German mines utilize area dust sampling, 
while American mines use testers carried by individual miners. 
Miners in the United States have complained about being loaded 
down with dust samplers in addition to the other equipment they 
must carry. This is especially true in low coal. Further, more 
miners must be used to sample an environment than if an area 
sampling were used. However, MSHA is now moving towards area 
dust sampling in United States mines. Interestingly, it appears 
that both the United Kingdom and West Germany are moving toward 
individual sampling, as they consider it a more effective measure 
of dust exposure. 

*It is difficult to compare U.S. and U.K. respirable dust 
levels since they are measured differently. Further, the 
U.K. standard was recently lowered. 
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FIGURE 2: UNDERGROUND PRODUCTIVITY VS. THE INTRODUCTION OF MINE SAFETY 
AND HEALTH REGULATION IN ‘THE UNITED KINGDOM 1967-1979 

.60- 

.48 - 

.46 - 

A4 - 
a 

30 - 
28 - 
26 - 
.24 - 

22 - 

. 

DIESEL 

AMENDMENT 

HEALTH SAFETY AT 
TRAINING AND WORK ACT MAJOR 

ELECTRICITY LEGISLATION 

20’ I 1 I I I I I I I I I 1 
1~ 68 66 70 71 72 73 74 75 76 77 78 



Another reason safety and health regulation are less dis- 
ruptive in the United Kingdom and West Germany thanin the United 
States is that United Kingdom and West German mining industries 
appear to accept regulation more easily than their U.S. counter- 
part. One would expect the nationalized industry in the United 
Kingdom to accept regulation easily. In West Germany, regula- 
tions are established with direct cooperation and not just 
input from employee associations and the industry. Thus, in- 
dustry and worker acceptance of the regulations is high. 

British and West German mine operators also appear to 
have adjusted to regulation in ways that minimize its effect 
on productivity. For example, many British and West German 
mines have a central computer monitoring environmental changes 
in the mine. This removes the need to use labor for environmental 
monitoring and testing. A few U.S. companies such as Eastern 
Associated Coal Corporation and Consolidation Coal Company 
are already developing this type of system. 

Finally, the United Kingdom and West Germany may have 
prevented a decline in productivity by giving miners produc- 
tion incentive bonuses. A production incentive bonus was in- 
troduced in the United Kingdom at the end of 1977. After 1 
year of operation , productivity at the face rose by nearly 
8 percent. 8/ In West Germany, both the government and the 
mining industry provide workers with incentive bonuses. Fur- 
ther, wages are partially determined by a piecework rate, 
encouraging production. While one concern with incentive pro- 
grams is possible adverse effects on safety, the National 
Coal Board claimed that no appreciable increase in injuries 
occurred when these programs were instituted. National Coal 
Board data show that underground accident rates in the United 
Kingdom fell during 1977 and 1978. z/ However, the fatality 
rate increased over this period. lO/ While the National Coal 
Board noted that rooffalls increased over the period, these 
occurred in mines which were not included in the production 
incentive plan. ll/ Thus, not enough evidence is available 
to prove whetheror not the incentive plan had a detrimental 
effect on mine safety. 

UNITED KINGDOM MINES ARE AS SAFE 
OR SAFER THAN U.S. MINES 

Despite poorer geological conditions, British miners are 
less likely to be killed during each hour on the job than U.S. 
miners. U.S. mines are more or less safe than West German 
mines depending on whether safety is measured in terms of 
hours of worker exposure or tonnage produced. Table 11 shows 
fatality rates for underground coal mines using both 
measures. It was impossible to examine injury rates for these 
countries due to a lack of comparable data. In terms of man- 
hours worked, British mines are substantially safer than West 

102 



German mines, and U.S. mines are the least safe. However, 
since the 1969 Mine Health and Safety Act passed, the U.S. 
fatality rate has declined to a level comparable to West 
Germany. In terms of fatalities per ton produced, British 
mines are roughly equal to U.S. mines. However, due to the 
higher productivity in U.S. mines, the U.S. compares favorably 
with West Germany in this measure. Thus, British mines are 
as safe or safer than U.S. coal mines while the comparison 
with West German mines remains ambiguous. 

It is surprising that U.S. mines have a higher rate of 
fatalities per million manhours than British and West German 
mines which are deeper than U.S. mines, generating more methane 
and pressure on roofs and floors. One would, therefore, expect 
that fatalities due to roof and ground falls and gas explosions 
would be greater in the U.K. and West Germany than in the U.S. 
However, the number of falls per million manhours of exposure 
in both countries is substantially lower than the United States 
rate over the past 15 years. 12/ In 1976, for example, the 
number of fatalities due to roof and ground falls per million 
manhours was . 17 in the United States compared with .05 and 
.06 in the United Kindgom and West Germany respectively. Data 
also suggest that ignitions and explosions of coal dust and 
gas are more likely to kill American than British and West 
German workers. 13/ British and West German coal mines may 
have fewer fatalities per million manhours of exposure than 
U.S. mines largely because of their greater safety efforts 
and because longwall mining calls for fewer workers at the 
face. 

The British and West German coal mining industries may be 
more safety conscious than the U.S. industry because the ad- 
verse geological conditions make mining more risky. More 
safety measures must be taken routinely such as methane drain- 
age before mining, reinforcing underground facilities with 
concrete, and using ringed arch supports for roof and floor 
control. In West Germany, the mining industry is composed 
of a few large mines that can afford to make large capital 
investments in permanent supports and other safety items. 14/ 
The risky conditions also promote safety consciousness among 
both management and workers. British coal mines are probably 
the safest because they are managed by the National Coal 
Board, an arm of the British government. The government has 
greater financial resources at its disposal to modernize and 
improve conditions in the mines. 

Both the British and West German governments have subsi- 
dized their coal mines, enabling more resources to be devoted 
to safety. Direct government subsidies to the coal mining in- 
dustry in 1976 were $0.20 and $2.50 per metric ton for United 
Kingdom and West Germany respectively. 15/ If indirect and 
capital-related subsidies are included,the totals per metric 
ton are $19.00 for the United Kingdom and $14.10 for West 
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Table 11 

Estimated Fatality Frequencies for U.S., British and 
West German Underground Coal Mines (1968-1976) 

Per million manhours 
U.S. U.K. W. Germany 

1968 1.80 0.23 0.51 
1970 1.25 0.22 0.41 
1972 0.72 0.19 0.46 
1974 0.52 0.14 0.34 
1975 0.47 0.18 0.41 
1976 0.48 0.16 0.38 

Per million metric tons 
U.S. U.K. W. Germany m - 

1.09 0.65 
0.67 0.59 0.94 
0.47 0.52 
0.38 0.34 
0.39 0.43 0.99 
0.41 0.37 0.90 

SOURCES: U.S. Department of Labor, Mine Safety and Health 
Administration, "Injury Experience in Coal Mining," 
1967-76 (Denver, Colorado: U.S. Department of 
Labor, 1968-76), tables 4 and 7 (1972-76), tables 
2 and 5 (1967-71). 

National Coal Board, Statistical Tables, 1977-78, 
(London, England: N.C.B. 1979), p. 4 (U.K. 1967-69) 
United Nations, Annual Bulletin of Coal Statistics 
~:9~~r~~~ie14j8;,.(~~~ 'f;fE: ;;;O'fyrk: United Nations, 

United Kingdom Department of Energy, Report of H.M. 
Chief Inspector of Mines and Quarries for 1971 and 1974 
(London, England: Her Majesty's Stationary Office, 1971, 
1974), tables 3 and 5 (U.K. 1971, 1972). 

Commission of the European Communities, 14th Report 
of the Mines Safety and Health Commission for the year 

976 (Luxembourg: Office for Official Pubications of 
the European Communities, 1978), table B and D (West 
Germany and United Kingdom), 1973-76. , 

Germany. 16/ These subsidies amount to about 40 percent of 
productioncost. 17/ Further, 
by taxing oil con=mption, 

by limiting coal imports and 
the government enables the coal 

industry to charge more for coal and thus have more to spend 
on mine safety. 

The West German coal mining industry also receives an 
economic incentive to encourage safe mining operations. Each 
firm must contribute funds to an accident insurance program 
which are returned if there are no accidents or illnesses 
during the year. 
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The British and West German industries may also be more 
safety conscious. In the United Kingdom, workers are actually 
searched for smoking materials before entering the mine. 
Workers are also required to participate in an ongoing manda- 
tory medical program to monitor coal-dust/related lung dis- 
eases. 18/ In West Germany, miners employed for longer than 
1 monthmust have a health examination for lung conditions and 
other job related physical problems. Followup exams are re- 
quired at least every 3 years. 19/ This allows the West Ger- 
man government to keep susceptible workers out of occupations 
and mines where they will be exposed to excessive dust. 

Finally, miners in the United Kingdom and West Germanymay be 
less likely to be killed on the job because they receive better 
training than their U.S. counterparts. In the United Kingdom, 
a coal mining machine operator receives at least 140 days of 
instruction and is supervised closely for at least his first 
20 days in the mine. Workers must receive 40 additional days 
of close supervision to qualify in a specific mining occupa- 
tion. 20/ West Germany has a 3-year apprenticeship program with 
specialgovernment-supported schools. 21/ In the United States, 
new underground miners are only required to receive 40 hours 
of safety training and no occupational training, while all miners 
must receive a minimum of 8-hours annual refresher training 
and retraining when moving to a new mine or task. 22/ However, 
MSHA's Director of Education and Training feels that large op- 
erators already train far beyond these minimums. 

In addition to the greater safety efforts, the extensive 
use of longwall mining also reduces the likelihood that British 
and West German miners will be killed because less workers are 
at the mine face-- the most dangerous area of the mine. The 
increased mechanization of longwall mining may also free 
workers to maintain roadways and perform other safety-oriented 
functions in the mine. Finally, the use of a longwall mining 
machine and continuous belt haulage from the face reduces the 
need for trailing electrical cables. The most frequent cause 
of fires in U.S. mines are failures with electrical equipment 
and more specifically problems with electrical cables. 

PRODUCTIVITY AND SAFETY LESSONS 
LEARNED FROM EUROPEAN COAL MINING 

British and West German mining regulations and practices 
suggest ways that the U.S. Government and industry may be able 
to improve productivity without reducing--and possibly improv- 
ing --mine safety. Major areas for improvements in the U.S. 
mining industry are: mining technology, miners' training, in- 
dustry acceptance of regulation, and the more extensive use 
of production incentive bonuses. 
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Switching to longwall mining, computer monitoring of the 
mining environment and methane drainage before mining are all 
technological changes that the U.S. industry could employ to 
enhance mine safety and productivity. One reason the U.S. 
coal industry has not found it economical to switch to longwall 
mining is that safety regulation sometimes requires that two or 
three entries be on each side of the longwall panel. In Europe, 
only one entry needs to be on each side. Further examination 
of the need for three entries in longwall mines may indicate 
whether our requirements are necessary. 

Computer monitoring could provide mine management with 
instantaneous and continuous data on ventilation, methane, and 
dust in the mine. It can also be used to better organize the 
production process. However, if Federal regulation still re- 
quires the same hand testing or there is sufficient uncertainty 
as to what modifications MSHA will allow, there will be little 
real or perceived economic advantage in switching to the com- 
puterized system. 

Methane drainage can be accomplished by drilling small 
holes into a seam and forcing steel pipes into the holes. 
Thus, methane is drained prior to mining the coal. It has al- 
ready been practiced experimentally in this country and is used 
at about one-third of West German coal faces. A Battelle study 
concluded that the sale of the gas generally offset the cost 
of extracting it. 23/ Here again, there is presently little 
incentive for the ES. coal mining industry to utilize this 
technique if ventilation and methane testing requirements re- 
main the same. 

Miners could also be given considerably more safety and 
skill training. Miners might also be trained in more facets 
of mining operations to reduce the disruptive effects of 
absenteeism. 

Finally, both the Federal Government and industry might 
further explore the merits of productionincentive bonuses and 
ways of using them without detracting from mine safety. The 
United States outlook for such bonuses is encouraging and is 
discussed in chapter 2. 

106 



FOOTNOTES 

i/J. J. Breslin and R. J. Anderson, Observations-on Current 
Ierqround Coal-Mining American, British, and West German Uric 

Practices (Columbus, Ohio: Battelle Memorial Institute, 
1976), pp. 18-46. 

Z/Management Engineers, Inc., Preliminary Analysis of the 
Probable Causes of Decreased Coal Mining Productivity 
(1969-1976), (Washington, D.C.: U.S. Department of Energy, 
Division of Solid Fuels, Mining and Preparation. VA: 
1977), p. v-19,20; and National Coal Board, Statistical 
Tables 1977/8 (London: N.C.B., 1979), Table 2. 

z/National Coal Board, p. 4: and unpublished data, U.S. Depart- 
ment of Labor, Bureau of Labor Statistics, Office of Current 
Employment Analysis. 

A/National Coal Board, p. 4; National Coal Association. Coal 
Data (Washington, D.C.: NCA, 1979), p. 57. 

z/U.S. Code of Federal Regulations 30 CFR 70. 100(b) (U.S.); 
U.S. Library of Congress, "Coal Mining Health Standards in 
Great Britian" (Washington, D.C.: Library of Congress, 1977), 
P* 4; and Murry Jacobson, U.S. Department of Labor, Mine 
Safety and Health Administration. 

g/U.S. Library of Congress, "Coal Mining Health Standards in 
the Federal Republic of Germany" (Washington, D.C.: Library 
of Congress, 1978), pp. 12-13. 

l/Halsbury Statutory Instruments, Vol. 14, 3rd reissue S.I., 
1956, No. 1764 Sch. 1, req. 12. (London: Butterworths, 1976, 
P* 41; and U.S. Library of Congress, "Coal Mining Health 
Standards in the Federal Republic of Germany," p. 19. 

g/National Coal Board. Reports and Accounts 78/9. (London, 
England: NCB, 1979), pp. 11, 18. . 

z/Ibid., p. 14. 

lo/Ibid., p. 14. - 

ll/Ibid., p. 18. - 

12/U.K. - Department of Energy, Report of H.M. Chief Inspector 
of Mines and Quarries, (London: Her Majesty's Stationary 
Office, 1971, 1974), Table 3; Commission of the European 
Communities, 13th and 14th Report of the Mines Safety and 
Health Communities, (Luxembourg: Office for Official Publica- 
tions of the European Communities, 1977, 1978), Tables A, B, 

107 



and la; and U.S. Department of Labor, Mine Safety and Health 
Administration, Injury Experience in Coal Mi 
Colorado: U.S. Department of Labor, 1961-19 , Table II (9). 

13/Commission of the European Communities, Table lb; and U.S. - 
Department of Labor, Mine Safety and Health Administration, 
Table ll(9). 

14/international Energy Agency, Steam Coal Prospects to 2000, - 
(Paris: IEA, 1978), p. 67; and National Coal Board, Reports and 
Accounts 78/79, p. 11. 

lS/ICF, Inc., Technical Analysis of Steam Coal Prices in Six - 
OECD Countries prepared for U.S. Department of Energy, 
Assistant Secretary for International Affairs, Office of 
Resource Trade (Washington, D.C.: ICF, Inc., 1978); 
PP. 11-31, 11-43. 

16/ibid., pp. 11-34, 11-48. - 

17/ibid., pp. 11-31, 11-43. - 

18/Halsbury, Op. Cit. Vol. 44, - Summary of Regulations issued under 
the Health and Safety At Work etc., Act, 1974. Part I, Sections 
7, 8, 33, 34, 47, pp. 1,093, 1,118, 1,121, 1,132, and Great 
Britian Department-of Trade and Industry, Laws Relating to Safety 
and Health in Mines and Quarries, Vol. 1, part 1, 1972. Sections: 
65(l), 65(2), 66(l)+(3), 66(6), 89, 90(l), 90(2), 116(3), 
145(2), 153, 161(l), 162, pp. 59, 61, 76, 89, 109, 118, 121, 
122. 

19/U.S. Library of Congress, - "Coal Mining Health Standards in the 
Federal Republic of Germany," p. 42. 

20/National Coal Board, Deputy's Handbook, 1977, Chapter 13, - 
PP. 101-109. 

2l/Breslin and Anderson, p. 57. - 

22/U.S. Congress. - The Federal Mine Safety and Health Amendments 
Act of 1977, P.L. 95-164, Title I, Section 115(a) of the 
1969 act as amended. 

23/Breslin and Anderson, p. 113. - 

108 



CONCLUSIONS AND RECOMMENDATIONS 

PRODUCTIVITY DECLINEt 
A CONTINUING PROBLEM 

The coal industry experienced more than a threefold 
increase in productivity between 1947 and 1969. Since 
1969, however, productivity has declined by 26 percent. The 
decline has been more severe in underground mines than in 
surface mines. Since 1969, productivity in underground mines 
declined by 43 percent compared with a 29-percent decline in 
surface mines. In addition, underground mine productivity 
began to decline in 1969, while surface mine productivity 
leveled off until 1973 and then fell. 

Differences between underground and surface mine produc- 
tivity trends are due to differing causes of decline. Between 
1970 and 1973, a major cause of underground productivity de- 
cline was the implementation of the Federal Mine Safety and 
Health regulations, while deteriorating labor-management rela- 
tions was the primary cause of decline after 1973. Most un- 
derground mines followed similar productivity trends. In 
contrast, surface mining productivity decline was largely 
caused by the implementation of State reclamation laws. A 
secondary cause of declining surface mining productivity was 
the addition of less productive new mines between 1974 and 
1977, a period of rapidly expanding coal production. New 
mines tend to be less productive because a greater percent 
of workers' time is spent on mine development work, a neces- 
sary but nonproductive activity. However, given the small 
production of the majority of these new mines, the overall 
impact on productivity would have been small. Finally, both 
underground and surface mine productivity are declining be- 
cause mining technologies have not advanced sufficiently to 
offset losses due to other causes. . 

Some of the drop in productivity observed in both under- 
ground and surface mines may be permanent. In underground 
mines, MSHA regulation may have lowered productivity perma- 
nently. In surface mines, the implementation of State reclama- 
tion laws may also have caused a permanent productivity drop, 
while the implementation of the Federal Surface Mining Control 
and Reclamation Act of 1977 might continue to reduce productiv- 
ity. However detrimental to productivity, Government regula- 
tion has served the important function of protecting miners' 
health and safety and the environment. Government regulation 
may be viewed as a method for internalizing safety and envi- 
ronmental costs of coal production. 
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Future productivity decline will not be offset by an in- 
creasing switch to surface mine production to the extent that 
it was between 1969 and 1978. Overall coal industry productiv- 
ity decline between 1969 and 1978 would have been far greater 
had it not been for the increasing share of coal produced by 
surface mining. In 1969, 63 percent of coal was produced by 
underground mining and 37 percent by surface mining. In 1978, 
the percent shares were reversed. Surface mining is more than 
twice as productive than underground mining. Thus * increasing 
surface mining's share of production improved overall industry 
productivity. In addition, the switch to mining coal from 
thick Western seams also lessened the decline. In 1977, for 
example, 18 percent of all surface production came from Mon-, 
tana and Wyoming compared with 5 percent in 1971. Growth in 
surface mine production cannot continue at the rapid rate that 
occurred between 1969 and 1978. Thus, less of a positive pro- 
ductivity effect of switching to surface mining will be avail- 
able in the future to offset productivity decline elsewhere. 

Coal mining productivity decline is a problem of national 
concern. Low productivity increases 'our coal mining costs 
and manpower.requirements. If productivity continues its present 
decline, the manpower required to reach the Federal coal produc- 
tion goal of 1 billion tons in 1985 would double. Further, 
rising labor costs due to low productivity hurts the ability 
of coal and coal based synthetic fuels to compete with oil and 
gas. Thus, low productivity is a deterrent to meeting national 
energy goals of converting users of scarce oil and gas to coal 
so as to reduce oil and gas import dependence. 

Low productivity: causes and cures 

Given the importance of reducing oil and gas import 
dependence, we examined ways in which coal industry management 
and workers and the Federal Government could ameliorate the 
causes of productivity decline and improve productivity. The 
areas amenable to change that could render substantial produc- 
tivity improvements are labor-management relations and mining 
technology and the interface between new technology and Federal 
mine safety and health regulation. 

Labor and manaqement 

We found that an adversary relationship has existed be- 
tween management and labor in underground coal mining. This 
relationship is rooted in past hostilities and basic changes 
which have occurred in both parties since the 1960s. This in- 
creased strain was reflected in the growing number of work 
stoppages since 1968. Closely related to this is the high 
level of absenteeism which presently exists in the industry. 
Increased stress between management and labor has been costly 
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in terms of declining productivity. Solutions to this 
situation center mainly witil tilt! Ulbited Mine Workers and man- 
agement itself. Both must come to recognize that their 
futures are tied closely to the economic well being of the 
coal industry. Our examination of this aspect of the produc- 
tivity problem has led us to conclude that the following ac- 
tions, if pursued vigorously by labor and management, would 
make for both higher productivity and greater labor peace: 

--Labor and management should increase their efforts to 
improve communication and cooperation at all levels. 

--Management should convey a willingness to listen and 
respond to labor's problems and emphasize training of 
supervisory personnel in labor-management relations. 

--The union should recognize management's need to have 
a stable work force by maintaining a low level of work 
stoppages and effectively addressing the issue of ab- 
senteeism within its membership. 

--Labor and management at individual mines working to- 
gether should design realistic production incentive 
plans which encourage increased safety and productiv- 
ity. 

--Labor and management should increase their efforts to 
resolve local issues at the local level. 

--To improve the reliability of existing mining equip- 
ment, coal operators should increase preventive main- 
tenance programs and training for shift mechanics. 

Federal support for joint labor-management committees is 
one vehicle through which such actions could be pursued. The 
Federal Mediation and Conciliation Service has the authority, 
under the Labor Management Cooperation Act of 1978, to fund 
joint labor-management committees. These committees can help 
to stabilize the labor relations climate in a particular in- 
dustry or area and thus contribute to the process of regional 
economic development. The Federal Mediation and Conciliation 
Service expects to begin funding committees in 1981. 

The Federal Government's role in improving coal industry 
labor-management relations has been limited to expediting 
arbitration procedures and mediating disputes. Given the na- 
tional importance of improving productivity and maintaining a 
steady coal supply, further Federal involvement is warranted. 
While assistance in resolving conflicts is a valuable contri- 
bution, it would be fruitful to address the causes of poor 
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labor-management relations. Issues involving general manage- 
ment (e.g., overtime, vacations, etc.,) are the largest causes 
of wildcat strikes. The failure of labor and management to 
communicate effectively in handling grievance procedures has 
been found to be the single largest cause of disputes. Im- 
provements in human relations are needed to address the en- 
trenched causes of poor labor-management relations. Managers 
should receive supervisory training, while labor representa- 
tives and managers alike could benefit from training in effec- 
tive communication and grievance handling. We recommend that 

--the Congress authorize the Department of Labor to 
fund coal industry programs to train coal 
management-and labor in effective communication 
and grievance handling. 

Federal Mine Safety and Health Regulation 

Federal coal mine safety and health regulation was a pri- 
mary cause of declining underground productivity between 1970 
and 1973 but was less important afterwards. Since the prac- 
tices required by MSHA that caused the decline in the early 
1970s continue, some of the productivity drop will be perma- 
nent. The Bureau of Mines and coal equipment manufacturers 
have developed safety technologies which potentially could 
reduce the adverse productivity impacts of MSHA regulations. 
However, these technologies have not been adequately trans- 
ferred to the coal mining industry due to a lack of adequate 
in-mine testing and uncertainty over MSHA's willingness to grant 
petitions for modification to operators using new technologies 
from productivity-reducing regulations. 

Recommendations: 

--Since the weakest link in the commercialization 
chain is in-mine testing, the Bureau should 
ensure that its products are adequately tested 
in working coal mines to establish and demon- 
strate their benefits. 

--MSHA should devise ways to minimize the regulatory 
lag which now delays introduction of productivity 
enhancing equipment that does not impair mine safety. 

MSHA regulation has reduced coal mine fatalities and 
disasters dramatically. In fact, regulations that have caused 
productivity decline are the same ones responsible for reduc- 
ing fatalities and disasters. However, MSHA regulation has 
not effectively reduced the frequency of nonfatal disabling 
injuries caused primarily by worker error. Increased on-the- 
job safety training of both supervisors and workers should help 
reduce these types of injuries. 
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Recommendation: 

--The Congress should increase the required minimum 
amount of on-the-job safety training for super- 
visors and miners. 

--The Secretary of Labor should direct MSHA to 
analyze the impact on industry of increasing 
training requirements and provide further as- 
sistance if warranted. 

Technoloqy 

While coal mining technology has not caused productivity 
to decline, it has not advanced sufficiently to offset the 
loss due to other causes. In underground mines, coal cutting 
and haulage are areas where technological improvements could 
increase productivity substantially. Two reasons why under- 
ground coal cutting technology has not advanced substantially 
are that continuous mining did not realize its productive 
advantage over conventional mining and the expected switch 
to highly productive longwall mining did not materialize. 
Improving the reliability of continuous miners, offsetting 
some of MSHA regulation's adverse productivity effects on 
continuous miners, and improving longwall mining techniques 
should improve coal cutting productivity substantially. Im- 
proving haulage from the face will allow sophisticated cutting 
machines to reach their full productive potential. The De- 
partment of Energy is engaged in research on advanced mining 
systems that should yield high productivity gains, but their 
coal mining R&D budget is shrinking. 

Recommendation: 

-Given that expanding coal production is an important 
national energy goal, the Secretary of Energy should 
direct the Office of Coal Mining to increase efforts 
in those areas which have high potential for produc- 
tivity gains. Those projects that should receive 
special attention are ones which reduce MSHA regula- 
tion's adverse productivity impacts, improve longwall 
mining techniques, and improve face haulage. 
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AGENCY COMMENTS 

Comments on a draft of this report were solicited from 
the Departments of Energy, the Interior, and Labor. Their 
formal responses are reprinted in appendixes II and III to 
this report. 

The Department of Energy provided numerous informal 
editorial comments which we considered in this final report 
but had no official comments. 

The Department of the Interior concurred with the major 
findings and recommendations of our report. They did raise 
the point that the Department of Energy has no significant 
expertise in dealing with training in labor management rela- 
tions and should therefore not become involved in the 
training of miners and management. They further noted that 
the Department of Labor has already developed expertise in 
these areas. We agree our recommendation reflects this. 
Interior also provided numerous technical and editorial 
comments which they stated "may help strengthen the re- 
port." We have made changes in the report reflecting 
these suggestions when appropriate. 

The Department of Labor stated that "GAO has presented 
an objective and detailed report which clearly illustrates 
the problems facing the coal industry." Labor concurred 
with our recommendations for increased training of labor and 
management in the areas of safety and effective communciation 
and grievance handling. However, they did not agree that MSHA 
should establish an agency-wide policy on exempting new Bureau 
of Mines safety technology from productivity reducing regu- 
lations. They pointed out that MSHA can only grant modifica- 
tions not exemptions to safety standards and it can do so only 
on an individual mine basis. 

In addition, MSHA is in the process of establishing a 
system for revision of standards for which a large number of 
petitions for modifications are granted. Through this system 
MSHA hopes to create a climate in which new technologies are 
recognized and further developments are encouraged. 

We recognize MSHA efforts in developing a system for 
reviewing standards. Our concern, however, is on how to 
reduce the uncertainty surrounding MSHA acceptance of new 
technologies so that industry will more quickly adopt them. 
On examination, MSHA's present system for revising standards 
was found to be cumbersome and time consuming. In practice, 
it usually takes about 4 years from the time MSHA decides 
it wants to change a standard until the time it actually 
becomes law. This 4-year period does not include the 
development time for .a new technology or the time needed for 
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in-mine testing. Given the positive benefits possible through 
greater acceptance by the industry of new BOM technology, it is 
important that MSHA make every effort to shorten the period of 
time needed to change the relevant standard. The report there- 
fore recommends that MSHA devise ways to minimize the regulatory 
lag which now delays introduction of productivity enhancing 
equipment that does not impair mine safety. 
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APPENDIX I 

ECONOMETRIC METHODS, 

DATA, AND RESULTS 

APPSNDIX,I 

This appendix describes estimated microeconomic produc- 
tion functions for underground and surface coal mines on the 
basis of individual mine data for the years 1972-77. The 
estimated production functions were used to test a variety 
of hypotheses concerning the sources of productivity decline 
in U.S. coal mining. It also reports on an analysis of the 
effect of labor turnover on coal mine labor productivity. 

Most production function studies are done at some aggre- 
gate level of data such as States, all manufacturing, two- 
digit industries, etc. l/ Those studies that use individual 
firm data use capital aqgregates constructed from fire insur- 
ance valuations or book values of capital stocks. 2/ The dif- 
ficulties involved in creating a capital aggregate-are well 
known. This study avoided aggregation error by using individ- 
ual mine data and avoided the errors in variables that can 
arise from using capital aggregates by using physical measures 
of capital inputs. Thus * the estimated function is very close 
to the textbook microeconomic production function. 

METHODOLOGY 

The basic postulated production function for each mine 
has the standard form for such functions based on micro data: 

q = f(x ,...,X ) (1) 
1 n 

where q is the output of a given mine and the x-j represent the 
variable inputs, measured as flows per unit time. Mining 
production is a function of various kinds and qualities of 
capital, labor, energy, and'materials as well as certain geo- 
logical inputs that are peculiar to mining (e.g., seam thick- 
ness, depth, water conditions, gas conditions, floor condi- 
tions, etc.) In addition, some occupational hazards can be 
considered shifters on the production function in the sense 
that reduction of these hazards may reduce output and produc- 
tivity for given levels of capital and labor input. There 
can be technical progress in mining that shifts the production 
function and allows a greater amount of ore extraction for 
given input levels and geological conditions. 

Following Herfindahl and Kneese we assumed that depletion 
takes the form of changes in the geological conditions of the 
mine. 4/ The most obvious example is that the seam may become 
progre';;sively thinner as extraction proceeds. Similarly, the 
mine may have to go progressively deeper or it may encounter 
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adverse gas, water, roof, or floor conditons as production 
continues. Thus, the production function can show constant 
returns to scale as long as the geological conditions are 
unchanged. 

To estimate equation (1) we used a Cobb-Douglas form. >/ 
The Cobb-Douglas can be considered a linear approximation to 
any production function expressed in logarithms and may there- 
fore be a reasonable starting point. a/ We postulated the 
following production function which is presumed to hold for 
all mines: 

qit = Ait j:l K;;, Lf, (2) OI 

where qit is the output of mine i in year, t, Kjit and Lit 
are the corresponding inputs of capital of type j and labor, 
respectively, and Ait is a shift or productivity variable 
which incorporates the effects of geological conditions, capi- 
tal and labor quality, management, technical change, and 
depletion effects of cumulative production. In an effort to 
specify the shift variable more concretely, we hypothesized 
that: 

K 
Ait = exp {Yi + 6t + c ek 'kit + Uit) (3) 

k=l 

where the Xk are shift variables incorporating the effects of 
geological conditions, input quality, and other measurable 
variables,Yi is an intercept that is unique to mine i and 
captures the effects of any mine specific omitted variables, 
Vi is the year intercept that incorporates omitted time ef- 

fects such as neutral technological change and depletion not 
measured by other included variables, and Uit is a random 
error term which is assumed to be normally and independently 
distributed with zero mean and constant variance. 

The final form of the estimating equation is: 

J K N T 
lnqit = c ajMCjit + B hLit + C @gut + C YiDi + C $Dt + uit (4) 

j=l IF1 i=l t=l 
where Di is a dummy variable for each mine and &i is a dummy 
variable for each year. The Yi coefficients, which estimate 
individual mine productivity, are of interest in a second 

117 



APPENDIX I APPENDIX I 

stage regression utilizing cross section data that are not 
available in time series8 

where PiiS the estimated individual mine intercept and zi is 
a vector of cross section variables which were omitted from 
the first stage regression for lack of data on further geolog- 
ical conditions, regulatory effects, and other determinants 
of individual mine productivity. 

THE DATA BASE 

The unique advantage of this study is its use of individ- 
ual mine data, requested by us from the Department,of Enerqy 
(DOE), the Coal Mine Safety and Health Admrnistration (MSHA), 
and the United Mine Workers of America (UMW). output is 
measured in physical units (tons) while capital inputs are 
measured as capacities or numbers of machines of a given 
type. z/ Labor input is measured in manhours. 

We utilized six data bases in the analysis. These were: 
underground and surface mines which produced each year between 
1972 and 1977, underground and surface mines whose first full 
year of production was in 1977 ("new mines"), and a special 
sample of Kentucky underground and surface mines in operation 
during 1972-74. 

These data bases were assembled using a master list of 
all mines reporting production and manhour data to the MSHA. 
All other data are matched to the mines on this list. The 
reasons for preferring the MSHA production and manhour data were 
(1) all mines are required to report such data to MSHA, but 
not to DOE: and (2) the UMW uses these data to determine em- 
ployer contributions to its pension fund. Given that MSHA 
data collection has the force of law, and that the UMW is 
willing to trust the pensions of its members to this data, 
we felt it to be the most reliable. Later, when we found 
numerous errors in the DOE data, our confidence in the superi- 
ority of MSHA data was confirmed. 

Starting with a universe of 604 underground and 569 sur- 
face mines which produced coal every year between 1972 and 
1977,,we eliminated those mines which were missing data on 
one or more of the needed variables. This screening process 
reduced the number of underground mines with all needed data 
to 177, and the number of surface mines to 120. The great 
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majority of missing data turned out to be DOE technology 
(capital equipment) data. 

The same process was used to winnow out mines for our 
analysis of IInew" mines. Here, of the 383 underground mines 
whose first full year of production was 1977, we wound up with 
56, of 538 surface mines we kept 173. 

The 177 underground and 120 surface mines were satisfac- 
tory in all but one respect-- they included only 4 underground 
and 1 surface mine in Kentucky. Here, the problem was that 
practically no mines had fully responded to DOE's (previously 
BOM's) 1975 survey. To increase Kentucky mine representation, 
we assembled surface and underground data bases for Kentucky 
for 1972-74, years of active MSHA implementation. We were 
able to retrieve 48 underground and 22 surface Kentucky mines 
with all needed data for the 1972-74 period. 

Both underground and surface mine functions were esti- 
mated. The capital variables in the underground production 
function are mine car capacity, trailer capacity, shuttle 
car and shuttle buggy capacity, track length, conveyor belt 
length, and numbers of: cutting machines, roof drills, mobile 
loaders, longwall mining machines, and continuous mining 
machines. The geology of the mine is characterized by seam 
thickness which is the only available data. The shift vari- 
ables in the production function include two types of injuries 
to capture the injury-productivity tradeoff (INJl, temporarily 
disabling injuries, and INJ2, permanently disabling injuries 
and deaths). We also include the proportion of miners in 
three age groups (18-24, 25-34, and 35-44, leaving 45-65 as 
the excluded category) in an attempt to include the productiv- 
ity effects of experience. 4/ Finally, we include the ratio 
of coal not sold on the open market to total coal production, 
this llcaptive ratio," indicates the extent to which adminis- 
trative controls have supplanted market forces in enforcing 
efficiency. . 

For surface mines the capital inputs are power shovel 
capacity, carryall scrapers (used primarily for reclamation), 
bulldozers, front-end loaders, wheel excavators, and coal 
drills. As this list of inputs indicates, we conceive the 
process of mining to be uncovering the ore and separating 
the coal from the ore body. Transporting coal from the mine 
is considered a separate process. 

The geology of the mine is assumed to be summarized by 
the stripping ratio, the ratio is overburden to seam thickness. 
Exhaustion would take the form of declining seam thickness, 
while increasing depth will increase the overburden. In 
either case, the stripping ratio will rise. Therefore, we 
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expect a negative coefficient on this variable. We also 
include dummy variable for reclamation laws which takes the 
unit value for mines in States in years that were enforcing 
reclamation laws. 8/ Also included in the regression are 
the same labor and-labor quality variables (manhours and 
three age categories) as in the underground equation and the 
same injury variables. We also include the captive ratio, 
although most surface mines sell entirely on the open market. 
The variable names, definitions, and means,for underground and 
surface mines are presented in tables 1 and 2. 

The age variables were derived by a complex process. 
First, we obtained the records of MSHA's dust sampling pro- 
gram, where all miners are tested for exposure to excessive 
coal dust. These records gave us a complete list of social 
security numbers of miners working in each mine. Second, we 
identified all miners who were injured in any year (1972-77) 
by social security number. Age data are kept on all injured 
miners, so by matching the dust sample and injury files we 
were able to place all injured miners in whatever mine they 
worked during the entire period. This technique identified 
78,400 miners. 

We then took the remaining Dust Sample social security 
numbers and matched them against age records of United Mine 
Workers of America members for 1976. This identified 109,292 
more miners who were in turn traced to all mines in which they 
worked between 1972 and 1977. These two matching exercises 
"found" most miners. In 1976, of a grand total of 193,695 
active miners, we were able to locate 138,292 and assign them 
approbriate ages. 

120 



APPENDIX I APPENDIX I 

Table 1 

Variable 

Q 

Kl 

K2 

K3 

K4 

KS 

K6 

K7 

K8 

K9 

KlO 

Kll 

L 

T~h 

Al 

A,2 

A,3 

1'1 

I.2 

C 

Underground Mines 
Variable Definitions, Means 

and Sources of Data 

Definition 

Production per year (thousand tons) 

Mine car capacity (tons) 

Track length (miles) 

Trailer capacity (tons) 

Shuttle car capacity (tons) 

Shuttle buggy capacity (tons) 

Belt conveyor length (thousand feet) 

Cutting machines 

Roof drills 

Mobile loading machines 

Longwall machines 

Continuous mining machines 

Manhours (thousands) 

Seam thickness (inches) 

Percent miners between 18-24 

II ii II 25-34 

" II II 35-44 

Mean Source 

596.9 MSHA 

1087.5 DOE 

7.5 DOE 

7.5 DOE 

76.8 DOE 

0.1 DOE 

21.4 DOE 

1.1 DOE 

7.5 DOE 

1.5 DOE 

0.2 DOE 

4.8 DOE 

396.6 MSHA 

60.9 MSHA/DOE 

0.28 MSHA/UMW 

0.28 MSHA/UMW 

0.16 MSHA/UMW 

Permanently disabling and fatal injuries 0.5 MSHA 

Temporarily disabling injuries 25.5 MSHA 

Captive ratio (percent not sold on open 
market) 0.21 DOE 
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Table 2 

Variable 

0 

Kl 

K2 

K3 

K4 

K5 

K6 

K7 

L 

SR 

Al 

A2 

A3 

11 

12 

C 

Surface Mines 
Variable Definitions, Means 

and Sources of Data 

Definition 

Production per year (thousand tons) 

Mean Source 

691.4 MSHA 

Power shovel capacity (tons) 21.7 DOE 

Dragline capacity 24.4 DOE 

Carryall scrapers 

Bulldozers 

Front-end loaders 

1.1 DOE 

5.9 DOE 

3.2 DOE 

Wheel excavators 

Coal drills 

0.1 DOE 

0.3 DOE 

Manhours (thousands) 58.4 MSHA 

Stripping ratio 1.1 MSHA/DOE 

Percent miners between 18-24 0.19 MSHA/UMW 

II II II 25-34 0.28 MSHA/UMW 

II II II 35-44 0.20 MSHA/UMW 

Permanently disabling and fatal injuries 0.2 MSHA 

Temporarily disabling injuries* 2.6 MSHA 

Captive ratio (percent not sold on open 
market) 0.05 DOE * 
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ECONOMETRIC TECHNIQUE 

The estimation technique, least squares dummy variables 
(LSDV), uses dummy variables created for each mine and each 
year. We chose this method over two other pooling techniques 
(ordinary least squares and variance-components) because both 
these alternatives are biased in the presence of omitted vari- 
ables. Although the information on inputs is unusually com- 
plete, there are several omitted variables (e.g., regulation 
effects, geological conditions other than seam thickness and 
overburden, management efficiency, and other mine specific 
attributes). Estimating productivity change using dummy vari- 
ables avoids postulating a constant trend, does not require 
the assumption of producer equilibrium, and does not collect 
random errors into the productivity series. Thus, we use 
LSDV both because of its attractive econometric properties and 
also because the estimated dummy variable coefficients are 
interesting in their own right. 

One problem is possible simultaneous equation bias that 
could occur if the production function is only one equation 
in a simultaneous equation model of firm behavior. We can 
sidestep this problem in the Cobb-Douglas context by assuming 
that the firm maximizes expected profits and relies on the 
theorem by Zellner, Kmenta, and Dreze which states that under 
these conditions inputs are independent of the error term 
in the production function. z/ 

Pooling cross section and time series data raises the 
possibility that our estimates will suffer from the twin hor- 
rors of autocorrelation and heteroskedasticity. However, the 
effects of both autocorrelation and heteroskedasticity are 
reduced in LSDV due to the presence of mine dummy variables, 
which reduce some of the cross section variation, and time 
dummy variables, which reduce the time effects. These con- 
siderations, along with the absence of any compelling reason 
to suppose severe heteroskedasticity in these data, led us 
to conclude that we could ignore heteroskedasticity as a prob- 
lem. However, since almost all economic time series data show 
some autocorrelation, we attempted an autocorrelation correc- 
tion. The most reasonable starting place seemed to be that 
each cross section should be allowed to have itszown autocorre- 
lation coeeficient, computed as bi = ieiteit-l/Eeit for each 
mine. However, with only 6 years of data, the estimates of the 
autocorrelation coefficients were very inefficient and extremely 
variable, with estimates ranging from less than negative one to 
greater than one. As a result, we concluded that we were adding 
more noise than information with this correction. In an attempt 
to derive a more efficient estimate, we constrained the autocor- 
relation coefficient to be equal across mines and equal to the 
mean pi. This procedure resulted in estimated autocorrelation 
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coefficient so close to zero that it made virtually no difference 
in the LSDV estimates. We decided to make no autocorrelation cor- 
rection, and to report the original LSDV results. 

Thus, we believe our results to be free of serious auto- 
correlation or heteroskedasticity, omitted variable bias, or 
simultaneous equation bias. Examination of the matrix of 
correlation coefficients among the independent variables re- 
vealed the expected low correlations for microdata, so that 
multicollinearity is apparently not a problem. Finally, since 
we have observations on individual mines which avoids aggrega- 
tion error and capital inputs measured in physical units, 
we are fairly certain that there are no serious errors in 
variables. In light of these considerations, we expect clean 
estimates from our regressions based on the LSDV technique 
and previously unavailable microdata. 

RESULTS 

Underqround mines. 1972-77 

The estimates of the underground mine production function 
coefficients are presented in table 3. The production func- 
tion is constrained to constant returns to scale for the rea- 
sons discussed in section III. It is customary to test for 
constant returns to scale by testing if the sum of the coeffi- 
cients of the Cobb-Douglas production function is different 
from 1. We performed this test, the t-statistic testing the 
null hypothesis of constant returns to scale was 1.54 which 
is not significant at the .05 level. Coefficients on six of 
the capital variables (railroad track length, shuttle cars, 
conveyor belt length, cutting machines, longwall machines, 
and continuous mining machines) are positive and significant 
at the .05 level. The rest of the capital inputs have esti- 
mated coefficients which are not significantly different from 
zero (mine cars, trailer capacity, shuttle buggies, roof 
drills, and mobile loaders). These insignificant coefficients 
could be due to some overinvestment in these kinds of capital, 
either because of mandated safety requirements (e.g., roof 
bolting), or because of some indivisibilities not captured 
by the Cobb-Douglas specification. The coefficient on man- 
hours is positive and significant. 

Of the various mining methods, cutting machines, repre- 
senting the conventional mining technique, has the highest 
elasticity. Both longwall and continuous mining machines, 
representing more advanced technology, have lower elasticities 
than the conventional method. This is consistent with Baker's 
finding that MSHA regulations have reduced the advantage of 
continuous mining techniques relative to conventional methods. lO/ - 
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With respect to the poor showing of longwall machines, this 
may be due to the fact that we only have the number of long- 
wall machines rather than their actual input in machine-hours. 
A common problem with longwall machines is their downtime 
due to frequent breakdowns and the long time it takes to move 
them from one coal face to another as mining proceeds. 

The coefficient on seam thickness is insignificant. This 
could be because seam thickness is only relevant in combina- 
tion with other geological factors (slope, depth, roof condi- 
tions, gas conditions, etc.) which are better captured by 
the individual mine dummy variables. The coefficients on the 
age distribution variables are not significant at the .05 
level (two-tailed). We take this as evidence that the influx 
of young miners during the early 1970s was not responsible 
for a significant amount of the productivity decline. The 
injury variables attempt to capture the injury-productivity 
tradeoff inherent in coal mining and other risky occupations. 
The coefficient on the number of permanently disabling and 
fatal injuries (INJl) is not significantly different from 
zero, indicating that reducing these very serious injuries 
does not lower output. ll/ The coefficient on temporarily 
disabling injuries (1nJn is positive and significant, indi- 
cating a tradeoff between output and these less serious in- 
juries. Evaluated at the means, the elasticity of output with 
respect to temporarily disabling injuries is 0.13. 

The captive ratio (percent of output not sold on the open 
market) is included to measure the effect of administrative 
controls as opposed to market forces on coal mine productivity. 
The coefficient on the captive ratio is positive and signifi- 
cant, indicating that administrative controls increase produc- 
tivity. This could be due to a reduction in risk that may 
allow a more efficient allocation of resources and better 
timing of investment and production decisions. It may also 
be "gold plating," i.e., buying more productive equipment 
than is justified on cost grounds alone. Since management 
of a captive mine is judged on reliability'of deliveries rela- 
tively more than on costs that can often be passed forward, 
higher physical productivity may go hand in hand with high 
production costs. 

The last coefficients listed in table 3 are those asso- 
ciated with the year dummy variables which estimate pure time 
effects not captured elsewhere. This measures total factor 
productivity change overtime and is significantly negative 
from 1972-77. If these estimates are correct there has been, 
taking 1977 as the base, an incredible 45-percent decline 
in underground coal mine productivity, holding capital, labor, 
seam thickness, injuries, and the age distribution of the 
work force constant. Thus, while total factor productivity 
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Table 3 

Restricted LSDV Underground Mine Production Function 

Dependent variable: lnQ 

Independent variable 

lnK1 Mine car capacity 

lnK2 Track length 

lnK3 Trailer capacity 

lnK4 Shuttle car capacity 

lnK5 Shuttle buggy capacity 

lnK6 Belt length 

lnK7 Cutting machines 

lnK8 Roof drills 

lnK9 Mobile loaders 

lnKl0 Longwall machines 

lnKl1 Continuous mining machines 

1nL Manhours 

Th Seam thickness 

Al Age 1 (18-24) 

A2 Age 2 (25-34) 

A3 Age 3 (35-44) 

INJl Permanent injuries 

INJ2 Temporary injuries 

C Captive ratio 

D1972 

D1973 

D1974 

Coefficient 

.012 

,064 

-.012 

.211 

-.0003 

.018 

,238 

.026 

-.022 

. 115 

,132 

.217 

-.OOl 

.033 

-.014 
. 

-.232 

-.006 

.005 

.192 

0.454 

0.477 

0.330 

t-ratio 

1.20 

2.25 

-1.16 

7.32 

-0.01 

2.45 

5.90 

1.26 

-0.90 

2.07 

3.42 

11.19 

-0.94 

0.35 

-1.49 

-1.90 

-0.52 

6.76 

3.59 

11.53 

13.09 

9.86 
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Table 3 (continued) 

D1975 0.304 9.72 

D1976 0.206 6.83 

INTERCEPT 8.328 32.22 

RSQ = .94 F = 62.65 N = 1062 DF = 862 DW = 1.89 
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is a measure of ignorance, we can say that we must look beyond 
the factors listed above for the causes of this productivity 
decline of almost 12 percent per year. In section VI we use 
the estimated individual mine coefficients, which measure 
differential mine productivity, to help identify possible 
sources of this productivity change. 

Surface mines. 1972-77 

The restricted LSDV estimates of the Cobb-Douglas produc- 
tion function for surface mines are reported in table 4. The 
test statistic for the hypothesis of constant returns to scale 
is t = 0.55 which is not significantly different from zero at 
the .05 level. We therefore cannot reject the null hypothesis 
of constant returns to scale in surface mining. Of the capi- 
tal variables, draglines, bulldozers, front-end loaders, wheel 
excavators, and coal drills are significant and positive at 
the .05 level. The remaining capital inputs (power shovels 
and carryall scrapers) are not significant. The coefficient 
on power shovel capacity is positive as expected while the 
coefficient on carryall scrapers, which are used primarily 
for land reclamation, is appropriately negative. Of the 
available technologies wheel excavators have the highest output 
elasticity. However, while wheel excavators are very produc- 
tive for both coal production and overburden removal, they 
can only be used on relatively soft material. The other 
highly productive technique is the combination of coal drills 
and front-end loaders. The coal drills are used to plant 
explosives, and the freed coal is scooped up by the loaders. 
This is the standard technique of open pit mining in the West. 
Manhours are also significant, although the estimated elas- 
ticity is low. 

The geological conditions of the mine are summarized by 
the stripping ratio, the ratio of overburden to seam thick- 
ness. This variable is highly significant, with the expected 
negative sign. The age distribution of the work force is not 
significant. This indicates that, as iii underground mining, 
the changing age distribution of miners has had no signifi- 
cant effect on mine productivity. The findings with respect 
to the injury variables are also similar to underground min- 
ing, namely that risking very serious injury does not signif- 
icantly increase output, but there does seem to be a tradeoff 
between temporarily disabling injuries and output. The elas- 
ticity of output with respect to INJ2 is even smaller for 
surface mines than it is for underground mines at .07. 

Unlike the regression for underground mines, the captive 
ratio is insignificant for surface mines. This is reasonable, 
since less than 1 percent of surface mined coal was sold on 
the open market in 1977. 
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Table 4 

Restricted LSDV Surface Mine Production Function 

lnK1 Power Shovel capacity 

lnK2 Dragline capacity 

lnK3 Carryall scrapers 

lnK4 Bulldozers 

lnK5 Front-end loaders 

lnK6 Wheel excavators 

lnK7 Coal drills 

1nL Manhours 

SR Stripping ratio 

Al Age 1 (18-24) 

A2 Age 2 (25-34) 

A3 Age 3 (35-44) 

Dependent variable: 1nQ 

Independent variable Coefficient 

INJl Permanent injuries 

INJ2 Temporarily disabling injuries 

C Captive ratio 

D1972 

D1973 

D1974 

D1975 

D1976 

INTERCEPT 

RSQ = .94 F = 62.47 N = 720 

.028 

.044 

-.059 

.132 

.287 

.300 

.242 

.025 

-.135 

.034 

.043 

.063 

.034 

.025 

.Q18 

.033 

.120 

. 148 

.066 

.026 

12.261 

DF = 580 

t-ratio * 

1.33 

1.87 

-1.46 

2.15 

5.30 

3.22 

3.10 

2.20 

-3.31 

0.55 

0.77 

0.96 

1.03 

4.15 

0.11 

0.54 

2.09 

2.92 

1.38 

0.55 

45.80 

DW = 1.83 
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The year dummy variables again capture the time effect 
on productivity, controlling for the variables included in the 
regression. The coefficients on the year dummy variables are a 
measure of neutral productivity change that does not impose a 
constant trend or collect random errors. Unlike underground 
mines, productivity in surface mining actually rose between 
1972 and 1974. However, there has been a lS-percent decline 
in productivity from 1974-77. While this is one-third the 
rate of decline of productivity in underground mining, it 
does indicate that productivity is being affected in both 
surface and underground mining by factors other than those 
included in the regression equation. 

ANALYSIS OF DIFFERENTIAL MINE PRODUCTIVITY 

The LSDV regressions require a dummy variable for each 
mine to capture the effects of mine-specific omitted variables. 
These coefficients measure productivity differentials across 
mines in that they act as shifters on the production function. 
For example, geological conditions peculiar to a given mine 
could make the extraction of coal harder or easier than for 
mines which use the same extraction techniques but face dif- 
ferent geological conditions. Similarly, management is an 
omitted variable in almost all production function studies, 
but obviously management experience and expertise will vary 
across mines.and cause productivity to vary. Also, regulatory 
enforcement could vary across mines. For example, MSHA in- 
spectors could concentrate on large mines, possibly reducing 
their productivity relative to smaller mines. Finally, mines 
may "learn by doing" if mines producing the largest cumulative 
output also gain experience which can result'in higher produc- 
tivity. 12/ The estimated individual mine intercepts from 
the LSDVregressions allow us to investigate some of these 
possible sources of mine productivity. We therefore estimated 
a cross section regression of the form of equation (5) above 
for underground and surface mines utilizing data that is avail- 
able only in cross sections. 

Underground mines 

The variables, definitions, and means for the underground 
cross section regression are presented in table 5. The only 
additional geological variable is METH, the methane level of 
the mine, measured as a categorical variable taking the values 
O-4 with 4 being the highest methane level. We expect higher 
methane levels to lower mine productivity. 
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Table 5 

Variables for Cross Section Underqround Mine Reqresaion 

Variable Definition Mean Source 

DI Productivity 8.35 

METH Methane level 1.43 MSHA 

CP Cumulated production 
(million tons) 3.58 MSHA 

2 
CP Cumulated production 

(squared) 23.21 MSHA 

G Gravity points 1203.7 MSHA 

INSP 

VIOL 

Number of inspection 
days 253.22 MSHA 

Number of violations 148.97 MSHA 

We consider ore body exhaustion to be captured by seam 
thickness. Nevertheless, there are additional geological 
factors concerned with resource exhaustion (depth, ore qual- 
ity, etc.,) not measured directly and whose influence is col- 
lected by the mine dummy variables. Thus, some additional 
effects of exhaustion could be captured by production cumu- 
lated over the years in our sample. However, while cumulated 
production may represent ore exhaustion it also represents 
the learning by doing which accompanies the operation of a 
given mine. This is a source of productivity differentials 
across mines. Thus, both the negative effects of ore exhaus- 
tion and the positive effects of learning by doing are cap- 
tured by cumulative output. We therefore have no hypothesis 
concerning the sign of the coefficient on-cumulated produc- 
tion. However, we also include cumulated production squared 
(CP2) to allow for the possibility that the effect of cumu- 
lated production is not constant. For example, the learning 
by doing effect may dominate initially but eventually be 
overtaken by the negative effects of reso "z 

ce exhaustion. 
Our priors are that the coefficient on CP will be negative. 

We obtained data on three variables which measure aspects 
of the health and safety regulation of underground mining. 
These are gravity points (G), inspection-days (INSP), and 
violations (VIOL). Gravity points are awarded by MSHA in- 
spectors on the basis of the seriousness of a given violation. 
The higher the number of gravity points the more dangerous 
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are the mine's practices in the opinion of MSHA inspectors. 
Since it is unclear just what influence serious injuries 
have, we have no prior belief concerning the sign of this 
coefficient. 

Baker reports that the industry feels that enforcement 
of, rather than compliance with, MSHA regulations is an im- 
portant source of productivity decline. We tested this hypoth- 
esis with the number of MSHA inspection-days. We expect 
a negative coefficient on inspection-days. The final regula- 
tion variable is the number of violations (VIOL). These are 
not weighted by severity as is the gravity points variable, 
and therfore, represents both more and less serious hazards. 
Since we hypothesize a safety-efficiency tradeoff, at least 
for less serious injuries, we expect a non-negative coeffici- 
ent on the number of violations. 

The regression results are presented in table 6. The co- 
efficient on methane level is negative and significant at 
the .05 level (one-tailed), as expected. The coefficient on 
cumulated production is positive and highly significant, indi- 
cating that the effects of learning by doing outweigh any 
effects of ore body exhaustion, at least initially. However, 
the coefficient on cumulated production is negative and also 
highly significant, indicating that the gains from learning 
by doing are finite, presumably because the effects of ore 
body exhaustion eventually dominate the learning effects. 
In fact, given our estimates, the point at which the exhaus- 
tion effects become dominant occurs at 20.4 million tons of 
cumulative output for the typical mine in our sample. This 
is five standard deviations above the average for our mines 
where mean cumulated production is 3.58 million tons: however, 
the largest mine in our sample has cumulated production of 
23.2 million tons, and therefore, should be feeling some of 
the detrimental effect of resource exhaustion. 

The coefficient on gravity points (G) is negative and 
significant indicating that dangerous practices tend to reduce 
productivity. The coefficient on inspection-days (INSP) is 
also negative and significant, supporting the industry's con- 
tention that enforcement of MSHA regulations has a detrimental 
effect on mine productivity. However, the coefficient on 
inspection-days is small, with an implied elasticity of 0.15. 
The last regulation variable, violations (VIOL), has a positive 
and significant effect on productivity, a further indication 
of the safety-efficiency tradeoff. 
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Table 6 

Cross Section Underground Mine Reqression 

Dependent variable: Individual Mine Intercepts 

Independent 
variable 

METH 

CP 

CP2 

G 

INSP 

VIOL 

INTERCEPT 

RSQ = .63 F = 41.39 

Surface mines 

A regression of the 

Coefficient T-Ratio 

-0.042 - 1.74 

0.245 10.15 

-0,006 - 4.98 

-0.0005 - 2.08 

-0.0006 - 2.28 

0.005 2.23 

8.06 39.45 

N = 177 DF = 169 

form of equation (5) was run on the 
estimated individual mine intercepts for surface mines. We do 
not have MSHA regulation data for surface mines, but since 
most of MSHA's efforts have been directed toward underground 
mines, we did not expect any significant effects. We regressed 
the individual mine intercepts on cumulated production (CP) 
and cumulated production squared. 

The results of the surface mine cross section regression 
are presented in table 7. The coefficient on cumulated produc- 
tion and cumulated production squared have the same signs and 
virtually the same magnitudes in this regression as they had 
in the corresponding underground mine regression. As a re- 
sult, the estimated cumulative production at which resource 
exhaustion effects overcome learning effects is almost the 
same, 23.3 million tons for surface mines. This is 3.9 stand- 
ard deviations above the average cumulated output of surface 
mines (4.15 million tons). However, the largest mine in the 
surface mine sample has cumulative output of 40.7 million 
tons, well into the range of detrimental resource exhaustion 
effects. This leads us to the quite reasonable conclusion 
that resource exhaustion effects will be felt first in surface 
mines since their production rates are higher than the pro- 
duction rates of underground mines. This could mean that some 
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of the optimism with respect to the potential output and 
productivity of surface mines should be tempered. 

Table 7 

Cross Section Surface Mine Reqression 

Dependent variable: Individual Mine Intercepts 

Independent 
variable 

CP 

CP2 

Coefficient T-ratio 

0.282 17.44 

- 0.006 - 10.66 

INTERCEPT 11.000 78.30 

RSQ = .81 F = 125.07 N= 120 DF = 115 

"New" Mines (1977) 

For this study, a "new" mine was defined as one having 
produced coal for a full year for the first time in 1977. 
This definition was adopted to avoid confusion caused by mines 
which were in operation for only part of 1976. These new 
mines were then pooled with the 1977 data for "old" (1972-77) 
mines. 

The same econometric technique and variable definitions 
were used. A dummy variable was added to collect the effects 
of newness. Tables 8 and 9 compare the results for old and 
new mines. 

These results show that newness has a significantly 
negative effect on productivity for surface but not for under- 
ground mines. This is reasonable since surface mines can be- 
gin production before mine construction is completed much 

' earlier than underground mines can. 
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NEW New mine dummy 

lnK1 Mine car capacity 

lnK2 Track length 

lnK3 Trailer capacity 

lnK4 Shuttle car capacity 

lnK5 Belt length 

lnK6 Cutting machines 

lnK7 Roof drills 

lnK8 Mobile loaders 

lnK9 Continuous mining machines 

L Labor 

Th Seam thickness 

Al Age 1 (18-24) 

A2 Age 2 (25-34) 

A3 Age 3 (35-44) 

11 Permanent injuries 

12 Temporary injuries 

C Captive ratio 

Table 8 

Underqround Production Function Coefficients 
for "old" and "new" Mines 

INTERCEPT 

R 

RSQ 

a/Dummy variable not included. 

&/Statistically significant .05 level. 

"Old" 

51 

,012 

l&O64 

-.012 

g/.211 

b/.018 

b/.238 

.026 

-.022 

b/.132 

$217 

-.OOl 

.033 

-.014 

.232 

..006 

b/.005 

$192 

8.330 

. 94 

1.890 

"New" 

.106 

-.026 

.053 

. 115 

$352 

.004 

e/.207 

-.003 

ty .190 

g/.373 

b/.324 

-.016 

.053 

.362 

.844 

$128 

.003 

.007 

5.550 

.76 

1.740 
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Table 9 

Surface Production Function Coefficients 
for "old" And "new" Mines 

NEW New mine dummy 

lnK1 Power shovel capacity 

lnK2 Dragline capacity 

lnK3 Carryall scrapers 

lnK4 Bulldozers 

lnK5 Front-end loaders 

lnK6 Wheel excavators 

lnK7 Coal drills 

1nL Manhours 

SR Stripping ratio 

Al Age 1 (18-24) 

A2 * Age 2 (25-34) 

A3 Age 3 (35-44) 

11 Permanent injuries 

12 Temporary injuries 

C Captive ratio 

INTERCEPT 

RSQ 

DW 

"Old" 

a/ 

.028 

b/.044 

-.059 

k/.132 

b/.287 

b/.300 

t/.242 

b/.025 

y- .135 

.034 

.043 

.063 

.034 

k/.025 . 

.018 

12.261 

.940 

1.830 l 

“New” 

b/-.514 

.062 

h/.185 

b/.274 

b/.673 

b/.234 

.182 

.189 

b/.032 

b/-.142 

.186 

.118 

-.012 

.199 

b/.064 

b/1.097 

9.771 

.650 

1.810 

. 

g/Dummy variables not included. 

b/Statistically significant .05 level. 
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ANALYSIS OF THE EFFECTS OF 
LABOR TURNOVER ON PRODUCTIVITY 

This analysis was carried out by the Bureau of Labor 
Statistics under our direction. We supplied production and 
manhour data for individual mines which were matched to coal 
mining "establishments" surveyed by BLS. An "establishment" 
may be a single mine or several mines administered from a 
central office. While many MSHA mines could be matched unam- 
biguously, a number of cases arose where an "establishment" 
covered more than one mine. In these cases, matches were made 
only if they seemed sensible, that is, if addresses and mine 
sizes were consistent. Completely unambiguous matches were 
made for 56 percent of underground and 71 percent of surface 
mines. 

Data 

Besides the production and manhour data, overall rates 
of accessions and separations, along with their components, 
were used. The variables are listed in table 11 and all refer 
to the 1972-77 period. 

Variable 

TS 

Q 

DIS 

LO 

OS 

TA 

NH 

RC 

OA 

Table 11 

Variables Used in Turnover Analysis 

Underground Surface 
Definition mean mean 

Total separation rate 20.2 22.1 

Quits 9.7 10.1 

Discharges .5 .9 

Layoffs 3*8 8.9 

Other separations 6.1 2.7 

Total accession rate 21.6 25.7 

New hires 16.9 19.6 

Recalls . 8 2.6 

Other accessions 4.0 3.6 

137 



APPENDIX I: APPENDIX I 

Econometric technique 

Pooled time series/cross section regression analysis was 
used. One set of estimates were made of the influence of 
total separations and accessions on productivity and another 
set using the components of the totals. The functional forms 
tested were quadratic and linear in order to assess non- 
linearities. Since the quadratic forms gave generally better 
results, they are reported here. The general form of the 
function was: 

PRit 
2 = AtTSt + BtTS t + CtTAt + DtTA 2 t 

where PR.it is the labor productivity of mine i in year t and 
TS and TA are total separation and accession rates for those 
mines and years. A second quadratic function using the compo- 
nents of TA and TS was also estimated. 

Results for surface and underqround mines 

Tables 12 and 13 summarize the regression results. Labor 
turnover obviously has little influence on productivity. In 
the case of underground mines, only separation variables 
proved to be significant. Furthermore, as separation rates 
rise the effects on productivity increase less than linearly. 
In summary, underground mining productivity is not affected 
by varying accession rates: increasing separation rates have 
a depressing influence on productivity but in the case of 
discharges and other separations, the effect rises less than 
linearly with these rates. 

In the case of surface mines the results are less con- 
sistent. In this case, discharges are barely significant (at 
the . 10 level) and negative while, the new hire rate has a 
positive effect on productivity. This influence is also mod- 
erated by the negative sign on the NH2 term. None of the signs 
on the significant variables were contrary to expectations. 
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Table 12 

APPENDIX I 

Underqround Labor Turnover Regressions 

Total accessions and separation rates 

Dependent variable: PR 

Independent variable Coefficient 

TS -.1015 

TS2 .0003 

TA -.0085 

TA* .00007 

INTERCEPT 16.339 

RSQ - .06 F= 5.87 

Components of rates 

Dependent variable: PR 

Independent variable 
(note a) 

0 
q2 
DIS 

DIS2 

LO 

LO2 

OS 
OS2 

Coefficient 

.0896 

-.0042 

-,8546 

-.0812 . 

-.0899 

. 0003 

-.2522 

.0019 

DF = 385 

INTERCEPT 

RSQ = .lO F = 4.16 DF = 379 

t-ratio 

-2.92 

1.34 

-0.25 

0.39 

26.42 

t-ratio 

1.00 

-1.87 

-1.99 

2.24 

-1.91 

.88 

a/all accessions components were insignificant. 
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Table 13 

Surface Labor Turnover Regreesions 

Total accession and separation 

Dependent variable: PR 

Independent variable 

TS 

TS2 

TA 

TA2 

INTERCEPT 

RSQ = .03 

Components of rates 

Dependent variable: PR 

Independent variable 

Q 

Q2 

DIS 
2 

DIS 

LO 

LO2 

OS 

OS2 

NH 

NH2 

RC 
2 

RC 

rates 

Coefficient 

-.1712 

.0003 

.9304 

-.0085 

46.5086 

F = 1.39 

Coefficient 

.2465 

.0009 

-6.3832 

.2182 

-.0952 

-.oooi 

.0102 

-.0295 

1.4118 

-.0148 

-.0877 

.0051 

t-ratio 

-0.55 

0.22 

1.88 

-2.09 

5.71 

DF = 212 

t-ratio 

0.33 

0.08 

-1.63 

0.87 

-0.26 

-.27 

0.01 

-0.61 

2.44 

-2.63 

-0.85 

.41 

140 

I’ 



APPENDIX I APPENDIX I 

Table 13 (continuedt) Surface Labor Turnover Regreaaionr 

OA .1052 .lO 

OA2 - 0.0060 .34 

INTERCEPT 45.0861 5.40 

RSO = .06 F - 1.17 DF - 204 
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Footnotes 

l/However, there is a production function literature using 
individual firm data in agriculture [see, e.g., Mundlak 
:::I.:',; and in electricity production [see, e.g., Nerlove 

. 

z/V. Corbo and P. Meller; "The Translog Production Function: 
Some Evidence from Establishment Data," Journal of Econometrics 
Vol. 10, 1979, pp* 193-199. , 

Z. Griliches and V. Ringstad, Economies of Scale and the 
Form of the Production Function (Amsterdam: North Holland, 
1971). 

V. Ringstad, "Economies of Scale and the Form of the 
Production Function. Some New Estimates,n Scandinavian 
Journal of Economics, Vol. 80, no. 3, pp. 251-264. 

g/R.G.D. Allen, Mathematical Analysis for Economists 
(New York: St. Martin's Press. 1938), pa 234. 

q/O.C. Herfindahl and A.V. Kneese, Economic Theory of 
Natural Resources (Columbus: Charles E. Merrill, 1974). 

Z/Similar procedures can be found in: 

M. Goldstein and R.S. Smith, "The Predicted Impact 
of the Black Lung Benefits Program on the Coal Industry," 
in Evaluatinq the Labor Market Effects of Social Proqrams, 
0. Ashenfelter and J. Blum, (Princeton, N.J.; Industrial 
Relations Section, Department of Economics, Princeton 
University, 19761, pp. 133-182. 

G.S. Maddala, "Productivity and Technological Change in 
the Bituminous Coal Industry, 1919-1954," Journal of 
v,Vol. 73, August, 1965, pp* 352-365. 

d/We also experimented with the translog production function, 
Corbo and Meller (1979),, and a generalized Leontief 
production function, Diewert (1971). We found we could not 
estimate these functions using the preferred econometric 

6 

technique (least squares dummy variables, LSDV) because of 
perfect collinearity between some of the quadratic terms 
and the mine dummy variables. Persisting with generalized 
inversion methods Statistical Analysis System (1979) yielded 
LSDV estimates of the translog and generalized Leontief 
functions which were not unique and which had larger residual 
sums of squares than the corresponding Cobb-Douglas form. 
We decided to retain the simpler Cobb-Douglas specification. 
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7/W@ do not have any measure of the utilization of the various 
types of capital nor of their vintage. To this extent our 
capital inputs are lees than ideal. 

a/The decision as to whether a State was actually enforcing its 
reclamation laws was made only after telephone interviews 
with mining officials in the relevant States. 

s/A. Zellner, J. Kmenta and J. Dreze, "Specification and 
Estimation of Cobb-Douglas Production Function Models," 
Econometrica,Vol. 34, October 1966, pp. 784-795. 

lO/J.G. Baker, with W.L. Stevenson, November 1979. "Determinants - 
of Coal Mine Labor Productivity Change." Prepared for U.S. 
Department of Energy and U.S. Department of Labor. Washington, 
D.C.,: U.S. Government Printing Office. 

ll/The data are from 1972-77, years when MSHA regulations were - 
already in effect. There may have been a payoff to risking 
very serious injury before these regulations went into effect, 
but this is a hypothesis we cannot test without pre-MSHA data. 

12/This is nothing more than a restatement of the assumption 
- underlying a learning curve or progress function. For an 

early econometric analysis of learning by doing, see Hirsch 
(1956). 
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

WASHINGTON, D.C. 20240 

OCT 2 I 

Mr. J. Dexter Peach 
Director of Energy and 

Minerals Division 
U. S. General Accounting Office 
Washington, D.C. 20548 

Dear Mr. Peach: 

We have reviewed the draft copy of the GAO report entitled “Low 
Productivity in American Coal Mining: Causes and Cures.” We concur 
with the major thrusts of their assessment. Improvements in the areas 
of labor management, Federal Mine Safety and Health regulations, and 
mining technology can have a favorable influence on coal productivity. 

More specifically, we strongly agree with the conclusion that proper 
training can positively impact coal productivity. Bureau of Mines 
extensive research on mining education, training, and organizational 
development substantiates this conclusion. Concurrently, we feel proper 
training produces significant gains in the health and safety welfare of 
miners. Further, we feel the analysis of the effects of the Coal Act of 
1969 properly reflects that the major impact of this act occurred before 
1974. We agree that the downward trend in productivity lessened as a 
result of the experience gained by the coal mining Industry and MSHA 
(MESA) with regulations. Your recommendation that the Bureau of Mines 
should expand and improve efforts to commercialize new safety technology 
is appropriate. We are presently focusing qn this need and in 1979 
created a new Branch of Technology Transfer with expanded responsibili- 
ties in this area. Finally, we agree that the Federal Government should 
emphasize research projects which have a high potential for improved coal 
mining productivity. However, we believe this must be interactive with 
the Bureau of Mines programs on coal mine health and safety, and 
envlronnental research. 

Although the report does address the subject of open pit mining and some 
causes of productivity loss, it only provides a low level treatment of 
reclamation and envirornnental requirements as they relate to MSHA and EPA 
requirements. The coal mining industry, to meet the requirements, must 
divert capital and manpower from production. The Bureau of Mines, within 
the Department of the Interiol; under Section 302, Public Law 95-91, is 
chargedlwith coal mine reclamation and has an extensive ongoing research 
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program in this area. While we agree with the major deterninatlons, for your’ 
consideration, we offer the following comments on each recommendation: 

1. Congress consider authorizing the Departments of Labor and 
Energy to jointly fund coal industry programs to train 
coal msnagenent and labor In effecttve communication and 
grievance handling. 

We take exception to this statement. We would like to point out that the 
Department of Labor has already developed expertise and facilities in the 
training of both miners and msnagers. In addition, the Bureau of Mines in 
the Department of the Interior has also developed salient expertise in both 
the development of education and training programs and in organizational 
development which largely addresses labor-management relations. These 
agencies have establiehed a high degree of cooperation between themselves and 
labor, industry and academia in developing and Implementing training programs. 
For example, during the past year several training packages have been 
developed by the Bureau of Mines at the request of MSHA and delivered to them 
for uoe throughout the industry. As provided in the Federal Mine Safety and 
Health Amendents Act of 1977 (Public Law 9%164), responsibility for training 
is delegated to the Department of Labor, and training media development is the 
responsibility of the Department of the Interior. We believe that the 1977 
Act, in greatly expanding training required of the industry, has provided 
sufficient opportunity to attain the stated needs. 

In response to a request from Congress, a recent contract report done for the 
Bureau of Mines entitled, “A Study to Determine the Manpower and Training 
Needs of the Coal Mining Industry,” has analyzed the future training needs of 
the industry and has determined that quality and not quantity Is of concern; 
this report is in agreement with your statement on p. 3-45. The study further 
outlined a number of means by which the quality issue could be addressed. The 
primary suggestion entailed the formation of a Mining Extension Service which 
was to be created within existing agencies. Finally, the Department of Energy 
hae no significant progrsms of expertise In dealing with training of labor 
management relations In the mining industry. Therefore, it would seem logical 
to continue and expand existing programs within the Departments of Labor and 
the Interior instead of creating a new program and organization within the 
Department of Energy. 

2. The Bureau of Mines should assume a greater role in 
commercializing new safety technologies which would reduce 
the adverse productivity impacts of MSHA regulations. 
Specifically, the Bureau should insure that Its products 
are adequately tested before deployment in mines. 
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Comments: 

Although we agree with the intent of this statement, we feel it is necessary 
to clarify “adequately tested.” Laboratory testing is now, for many purposes, 
adequate and serves an important function in reducing new product downtime. 
The final and most important phase of any development, however, is that of in- 
mine evaluation where products are deployed in mines with some uncertainty as 
to their reliability and performance characteristics In actual mine service. 
Improvements are certainly needed In capital intensive in-mine large-scale 
evaluation efforts of both government and industry research and development. 
Large-scale in-mine efforts are especially needed If the diverse mining envi- 
roment In the U.S. is to be addressed. This is in contrast to the situation 
where a European coal nation may be concerned with a much more homogeneous 
enviroment. 

Another constraint on improving mine technology in the U. S., and specifically 
the transfer of new technology into mines, is the recent change in liability 
rulinge. Many companies with hardware-oriented technology are reluctant to 
Introduce their improvements because they will face difficult (and expensive) 
new liability problems. Possibly the formation of the Mining Extension Service 
previously mentioned would provide the mine-by-mine attention that would be 
necessary to minimize liability problems. In addition, such an organization 
would also tend to institutionalize both Bureau of Mines and industry gen- 
erated training and technical development, and provide additional guidance to 
goverrraent minerals industry research efforts. Therefore, we believe that 
this concept should be considered. 

3. The Department of Energy put more emphasis on research 
projects which have a high potential for improving 
productivity. 

Comments: 

We are in strong agreement with this recommendation. DOE efforts should be 
directed toward this objective. However, there is an important variable which 
must be considered in cauplying with this recommendation. 

It is our belief that, in mining, productivity research cannot be conducted 
without full consideration for the health and safety of miners. Department 
of Energy research should be critiqued to insure that known health and safety 
considerations are included in new technology at the earliest design stage. 
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We have generated a number of addltlonnl comlnentw throughout the report as 
a result of our technical review which we believe may help to strengthen 
the report. We appreciate the opportunity to review this document and we 
hope that you ftnd our attached comments helpful. /r 

w-m8 Secretary of the Interior 

Eric Losure 

GAO Note: Technical comments that were contained in the 
enclosure to this appendix were incorporated 
throughout the report when appropriate. 
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Mr. Gregory J. Ahart 
Director 
Human Reeource6 Division 
U. S. General Accounting Office 
Warhington, D.C. 20548 

Dear Mr. Ahart: 

This ie in reply to your letter to Secretary of Labor Ray Marshall 

requerting caarmente on the draft GAO report entitled, “Low Productivity 

In American Coal Mining: Cause6 and Curee.” The Department’6 

reeponee ie encloeed. 

The Department appreciate6 the opportunity to coument on this report. 

Acting Inepector General 

Eric loeure 
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U. S. Department of Labor’s Response To 
The Draft General Accounting Office Report 
Entitled -- 

Lou Productivity In American 

Coal Mining: Causes and Cures 

Recommendation: 

Congreaa aonaider authorizing the Departments of Labor and Energy to 
jointly fund ooal Industry programs to train coal management and labor 
in effective communication and grievance handling. 

Response : 

The Department of Labor concurs that programs to improve effective 
oommunioatlon and grievance handling In the coal Industry are neaesaary 
for Improvement of the Industry’s labor management relations. These 
suggeatlona were Included in the recommendatlona of the President’s 
Commlaalon on Coal Issued In March 1980. The Department further agre6s 
that additional government funds should be made available for programs 
In this area. 

In recognition of the Importance of this area to Improved labor management 
relationa, the Labor-Management Services Administration (LMSA) has already 
undertaken steps In the following areas: 1) LMSA is provldlng funding 
for a grlevanoe training program that will be utilized by grievance 
oommitteemen In the coal industry on a pilot basis. The program will 
provide training in effective communication and handling of grievances 
and will hopefully form the basis of a continuing UMWA/BCOA training effort 
In this area, 2) LISA Is providing funding for a one year experimental 
program in the mediation of grievances. The experimental program will 
enoourage acoeptance of the grievance procedure and cut down on the costs 
of grievanoe handling for both labor and management, 3). further, LMSA 
18 providing admlnlatratlve support and both LMSA and MSHA are funding 
the White House Coal Advisory Council. The Council waa established to 
advise the Prealdent and the Secretary of Labor in the areas of labor 
management relations, mine safety, and productivity in the coal industry. 
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Reooaanendatfon: 

HSHA should, wherever possible, establish an agency-wide policy on whether 
a new Bureau of Mines safety teohnology will qualify a mine to be exempted 
from a produotivity-redualng regulation. 

Response : 

MSHA has authority under Seotlon 101(c) of the Federal Mine Safety and 
Health Aot of 1977 to grant modlfloatlona on safety standards (regulations) 
on a mine-by-mine basis upon a showing by the operator that either an 
alternative method of achieving the result Is available which guarantees 
no less than the same meamre of safety to the mlnera In the mine or 
that the appliaatlon of the standard creates a diminution of safety. 
Prooedures governing these petitions for modification are set forth 
in 30 CFR Part 44. A petition for modification would not be denied 
If the same degree of proteotlon were provided to the miners by the 
new teohnology . This prooedure is used frequently by mine operators 
and many petitions have been granted. Accordingly, if the Bureau of 
Mines develops new teohnology that meeta these requirements It can be 
approved through these proaedures. A prime example of a new technology 
implemented In this manner Is the procedures developed by the Bureau 
of Mines and HSHA to plug and mine through abandoned 011 wells. MSHA 
does not have the authority however to exempt operators from safety 
and health standards on a Industry-wide or agency-wide basis. 

MSHA la In the process of establishing a system for Initiating review 
of standards for which petitions for modification are usually granted. 
As revisions of the atandards are made, the Department hopes to create 
a ollmate In whloh teohnological advancements are recognized and further 
developments are encouraged, and at the dame time, reduce the time and 
paperwork required by oontinued use of the petition process. 
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ReoomPendation: 

Congress should aonsider increasing the required amount of on-the- 
job safety training for supervisors and miners and increasing MSHA 
aaslatanae to operatora for this purpose. 

Response : 

The Department oonaur8 that on-the-job safety training is extremely Important. 
However, the department believes that there may be several options available 
for aahievlng auoh goal8. The above reconxnendatlon is one option which 
aould be oonsldered. 

CoQlen ts : 

The Department believes that GAO has presented an objective and detaiied 
report whlah olearly Illustrates the problems facing the coal industry. 
It ia evident that the subject was extensively researched and many of 
the faotora affecting productivity addressed. The Department wishes 
to note, however, that other factors such as demand, price, transportation 
problem8 and availability of alternative less expensive energy 8ouroe8 
have also had an Impact on production. Thus, the Department believes 
it is the oumulatlve effeot of all these factors which ha8 affeoted 
the industry adversely. 
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