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ABSTRACT
This paper presents an application of a risk assessment approach in characterizing
the risks associated with major hazards in underground and surface bituminous and
anthracite mines in Pennsylvania using the Mine Safety and Health Administration
(MSHA) citation database throughout a period of three years from 2006 to 2008. The
MSHA database on citations provides an opportunity to assess risks posed by hazards in
mines through scrutiny of hazard-related violations of mandatory safety standards. In this
study, quantitative risk assessment is performed, which allows determination of the
frequency of occurrence of major hazards (through associated citations) as well as the
consequences of them in terms of penalty assessments. Focus is on establishing risk
matrices on citations experiences of mines and their penalties (dollars), which can give
early indication of emerging potentially serious problems. The resulting frequency,
consequence and risk rankings present valuable tools for prioritizing resource allocations,
determining hazard control strategies, assisting in defining a benchmark for coal mines,
and increasing productivity by reducing citation experiences.
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Chapter 1
INTRODUCTION

After three decades of sustained continuous improvement of mine safety performances in the
U.S., coal mine disasters in 2006 (Sago Mine and Aracoma Alma Mine, WV and Darby Mine, KY)
compromised an excellent record and presented new challenges and vulnerabilities for the coal
mining industry. In the aftermath of the incidents, formal investigations and new scrutiny of mine
safety by the U.S. Congress and expert study groups followed. The U.S. Congress passed the Mine
Improvement and New Emergency Response Act of 2006 (MINER Act), which mandated new laws
to address the safety issues. Mineral industries are still adapting to the provisions made under the
Miner Act. Figure 1-1 below shows the downward trend in fatal mine accidents in the United States
from 1900 to 2006. This graph has markers indicating at which point significant safety-related
legislation was passed (Nieto, 2008). It is very noticeable that the Coal Act passed in 1969 had a
tremendous impact on the industry, followed by the Mine Act in 1977, which also shows a
continuing decrease of fatalities. Now, with the new improvements made by the Miner Act in 2006,
the fatality rate is expected to maintain its downward trend. It is appropriate to give credit to the
mines for their huge improvements with safety practices over the years, given the nature of the
mining industry. Significant improvements have been made by way of the equipment, methods, and
most importantly, the people. The people are essentially responsible for operating the equipment and
executing these methods safely.
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Figure 1-1: US Mine Fatality Rate and Legislation from 1900 to 2006.

Source: (Nieto, 2008)
The National Mining Association-sponsored Mine Safety Technology and Training
Commission report (MSTTC, 2006) highlighted the role of risk assessment and management in
identifying and controlling major safety hazards. In proposing risk-related recommendations in the
report, the MSTTC called attention to major hazards. Government, industry and workers all play
large role in handling these major safety hazards. To be effective, addressing risk at coal mines
requires both a targeted and systematic approach. This approach is capable of better solving the
problems effectively to prevent a potential reoccurrence of them. Such a strategy could focus the
work efforts in different ways, but addressing the measure of risk would work best for targeting the
major hazard-related safety violations posing the greatest risks. Eventually using such a systematic
approach could potentially contribute to more proactive prevention of incidents and injuries; as
identified major hazards are mitigated by direct actions. Further, new targets could be addressed in
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successive rounds of analysis seeking the next priority mitigation efforts, thereby leading to
significant reduction of risks over the long-term.
Every surface and underground coal mine in the U.S. is inspected by a Mine Safety and
Health Administration (MSHA) inspector to check whether a mine is complying with the standards.
These standards are based on requirements of mandatory safety rules deemed appropriate for mine
operators to comply with. During inspections, MSHA inspectors issue citations for violations of
standards and determine the degree of seriousness based on tabled criteria and their judgment.
Naturally, this judgment used can vary from each inspector, which can in turn cause a differing
penalty value associated with the consequence. According to case law (MSHA, 2008a), significant
and substantial violations, which are more serious, must have four elements proved: (i) the
underlying violation of a mandatory standard; (ii) the existence of a discrete safety hazard
contributed by the violation; (iii) a reasonable likelihood that the hazard contributed will result in an
injury; and (iv) a reasonable likelihood that the injury in question will be of a reasonably serious
nature. If a violation is caused by an unwarrantable failure, where MSHA has determined that the
“mine operator has engaged in aggravated conduct constituting more than ordinary negligence,” then
a withdrawal order is generally issued, and “a reasonable amount of punitive charges” are assessed
(MSHA, 2008b).

MSHA Mine Data Retrieval System
MSHA maintains the mining statistical database for each mine in the U.S. pertaining to
citations for violation of all mine health and safety standards. This database is publicly accessible
from the MSHA web site. MSHA in Title 30 Code of Federal Regulations Part 50 (MSHA, 2008c)
defines accident, injury, illness, employment, and production (coal) that has to be reported, if they
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occur, by the operators of mines. The database contains all the statistical records for each mine
pertaining to inspections, inspection hours, violations and their degree of seriousness, accident data,
and narratives on accidents as well as the penalty levied for non-compliance with mandatory health
and safety standards (MSHA, 2008d). The database can be used by mine operators, government
agencies, non-government organizations, representatives of miners, and researchers to scrutinize the
level of risk from mine subsystem non-compliances, e.g., ventilation, ground control, equipment,
mine inspection, etc (MSHA, 2008d). MSHA also posts Fatal Alert Bulletins and Fatalgrams. These
fatal accident reports are published for the purpose of obtaining and utilizing information about the
causes of accidents in our Nation‟s mines. The purpose of these accident investigations are to
determine the root cause(s) of the mine accident and to utilize and share this information with the
mining community and others for the intention of preventing similar occurrences (MSHA).

Literature Review
Risk is an important tool to assess and prevent potential unfavorable occurrences. We always
use risk in our daily lives whether it is by way of industry and governmental decisions or our own
personal judgments. It is a method that has been used for many years in countless industries,
business, and U.S. military to rank a risk‟s order of consequence. Every industry and business has
risks, but the mining industry has been perceived a more infamous industry for having a plethora of
hazards. Unfortunately, major hazards have and still do pose a threat for safe working conditions to
miners. There is a constant need for continuous improvement to help properly mitigate these risks.
Currently risk management is not part of a required routine in the U.S. However, in the mining
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industry in Australia, risk management is considered part of their daily work routine (Kinilakodi,
2009).
From the Coal Act in 1969 there were changes that included surface and underground mining
that required two annual inspections of every surface coal mine and four at every underground coal
mine that greatly increased federal enforcement powers in coal mines (Kniesner et al., 2003). This
Coal Act also required that there would be monetary penalties for all violations. From this Kniesner
et al. states that the safety standards were essentially strengthened and health standards were now
adopted. A wake up call to all of the coal mine industry came from the MINER Act of 2006, where
fines for citations were increased dramatically. It is from this MINER Act of 2006 and on, where
mining companies are being significantly fined for both civil and criminal penalties for violations of
federal mining safety standards. The passing of this act strongly enforced that operators are to
efficiently implement the regulations and made mine inspectors be more stringent with their
inspections. The act also gave MSHA the ability to temporarily close a mine that fails to pay the
penalties or fines. Additionally, the act called for several studies for the enhancement of mine safety,
as well as the establishment of a new office within the National Institute for Occupational Safety and
Health (NIOSH) strictly devoted to improving mine safety. Lastly, the legislation would establish
new scholarship and grant programs devoted to training individuals with respect to mine safety
(MSHA MINER Act, 2006). MSHA now uses citations to calculate the potential of a mine receiving
a Pattern of Violation (POV). The POV is an even more drastic increase in fines and creates a huge
challenge to the mine operator (Kinilakodi, 2009).
For all intents and purposes, risk should not overstate or understate threat, but rather give
best estimate and the range of uncertainty (Lave, 1987). As a result, risk analysis is done to make
better decisions about “how safe” certain situations are. Generally, all risk assessment evaluations
follow a similar process. The fundamental steps to any risk assessment are as follows: (P.J. Foster et
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al., 1998) (i) Establishing hazards–something with the potential to cause harm; (ii) Identify the risk‟s
likelihood, or probability, of harm arising from the hazard; (iii) Assess the severity of harm resulting
from realization of the hazard; (iv) Combine assessments of likelihood and severity to produce an
assessment of risk; (v) Use the assessment of risk as an aid to decision making. The main steps of
risk management are the identification, analysis and assessment, and the evaluation. Below is this
risk management process that illustrates key steps which are outlined in the Figure 1-2 below.

(ii) Identify Risks

(iii) Risk Analysis & Assessment

(iv) Evaluate Risks

Monitor & Review

Communicate & Consult

(i) Establish the Content

(v) Treat Risks

Figure 1-2: The Risk Management Process, Modified from MOSHAB.
*Source: Department of Industry and Resources, Safety and Health Risk management Guideline, MOSHAB, 1999.

This is better known as the continuous cycle of risk management process. Figure 1-2 illustrates how
all the components of the process work together. The source of risk is established and it is then
identified. The next steps are the analysis of the risk and its assessment. After the risk has been
assessed it is then evaluated and eventually treated. Through this whole process, it is important that
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there is constant communication and consulting between the steps. Even once the risk has been
treated; it should be continuously monitored and reviewed to prevent future occurrences.
The Department of Industry and Resources in Western Australia where the Mines
Occupational Safety and Health Advisory Board (MOSHAB) has written a Safety and Health Risk
Management Guideline, gives a simple practical approach on how to carry out risk management in
the workplace. Similarly, as expected, the same general ideas are followed. Risk Assessment
involves comparing the level of risk identified during the risk analysis process with previously
established risk criteria, and then properly ranking the risks in order of their severity. Once risks
have been assessed and ranked accordingly, there is a need of action to eliminate or reduce the risk
(MOSHAB, 1999).
However once risks are identified, assessed, and ranked, there needs to be a way to treat or
control the risks. Naturally, the higher level risks should be given top priority in controlling. The
lower level ranked risks should not be ignored but can be deemed acceptable with certain control
techniques specific to each risk. In any case, once the risk is treated, it should be continuously
monitored to ensure it still remains acceptable (MOSHAB, 1999). A point is made that certain
hazards are difficult to predict because of the “state of the nature” due to its geology some hazards
will just be out of hands at times. We can monitor and try to prevent such things from happening but
sometimes this “state of the nature”, which is unpredictable will show its ugly side. These sorts of
things will happen due to the environment miners work in. It is essentially up to us to make sure
after we evaluate these hazards they are treated and continuously monitored to prevent any future
safety issues (Duzgun, 2004).
With risk management, the risk itself is addressed to a more acceptable and manageable level
of risk. Employers and employees have a duty of care to ensure people are not exposed to hazards.
The extent to which the risk of exposure must be controlled is to a level which is “reasonably
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practicable” (MOSHAB, 1999). Eventually with this approach, there is a very good chance of a
business or industry meeting their proper performance levels and eventually will lead to many
benefits with control of such risks (Hillson, 2006).

Previous Studies
The authors have reviewed the state-of-the-art of risk assessment and risk management
previously, and used risk assessment to study mining industry fatalities related to the use of
continuous mining machines (Kecojevic et al., 2008a), haul trucks (Md-Nor et al., 2008a), loaders
and dozers (Md-Nor et al., 2008b), and belt conveyors (Kecojevic et al., 2008b). Consequently,
through my review, previous studies in risk assessment mostly focused on fatalities or injuries and
specifically certain types of equipment that were responsible for such injuries or fatalities within the
industry. Kecojevic et al. gives a thorough risk evaluation of continuous miner related fatal incidents
in the U.S. underground mining and belt conveyor related fatal incidents in the U.S. mining industry.
Similarly Md-Nor et al. talks about the risk assessment for haul truck related fatalities in mining and
loader-and dozer related fatal incidents in U.S. mining. From these studies risk assessment was
performed on serious incidents that have already occurred. Major hazards are identified for mining
equipment so that the industry now can more thoroughly characterize risk associated with these
kinds of mining equipment and to prevent future injuries or fatalities. Mine operators and
government health and safety agencies alike can be more actively aware of the hazards responsible
for injuries and fatalities when working around such mining equipment. Similarly, from Duzgun et
al., studies are made about the assessment and management of roof fall risks in underground coal
mines. This paper uses a similar approach by isolating just roof falls and analyzing the frequency
and consequences of them. Risk is evaluated statistically using Poisson and exponential
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distributions. A similar study of risk assessment in coal mines is a pilot study created for the risk
analysis for underground coal mine fires and explosions using MSHA citation database (Grayson et
al., 2009). Data here is focused on subsystem failures and the methodology is applied to a database
for a pilot sample of underground coal mines stratified by mine size and state. Other risk assessment
in coal mines focus on correlating lung diseases and lung cancer in mining. Also the effects of diesel
exhaust in mines on human health. These comparably demonstrate the connection with dusts and
other airborne particles with the general health of the miner.
“Risk management and assessment is recognized as an essential tool to tackle the inevitable
uncertainty associated with business and projects of all levels” (Hillson, 2006). However risk and
uncertainty should be distinguished separately. It is when uncertainty has the possibility to affect
objectives; this is when risk occurs and can become an issue (Hillson, 2006). Hillson stresses that
that one of the main reasons traditional risk management fails is because of its narrow focus on the
downside, restricted to the technical and operation field. This only deals with the „tactical threats‟ as
he says, to processes, performance, or people. In Hillson‟s paper he believes these shortcomings can
be overcome by widening the scope of risk management to encompass both strategic risks and
upside opportunities. I try to widen the scope in this study by broadening the spectrum of risk I
analyze, not focusing on just one hazard. Consequences described in Kecojevic et al., Md-Nor et al.,
and Duzgan et al.‟s, research are the safety outcomes of such an incident occurring. While in this
study, consequences are a measure of the penalties that are issued for violated standards.
Most of the studies on risk assessment in coal mines conducted focuses on fatalities, injuries,
or occupational diseases, basically addressing specifically one main issue at a time. As stated
previously, this study is unique in which, all violations are examined as a whole. Therefore, we are
making a complete risk assessment for every violation for all the coal mines in Pennsylvania
throughout a three year period. Using not only past data, but current data as well, risk of certain
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violations can be controlled or even prevented for the future. This is done by identifying the risk of
“Very High Risk” violations and the penalties (in terms of dollars) occurring. By having these “Very
High Risk” violations known, it can help give insight to mine owners of the potential violations that
can lead to serious penalties in the future. This more precautionary approach can help eliminate or
significantly reduce creation violations, which will save the mining industry a hefty chunk of money
and inevitably, reduce major hazards that cause a threat to safety.
There is a connection between mine inspections and mine safety outcomes. Kniesner et al.‟s
study used and merged inspection, violations, assessed penalties, injuries, production and
employment. From this study it is prevalent the health-related problems with miners are not so much
changed by MSHA‟s frequency of severity of accidents prevention. Further it is said that a sizeable
potential gain in miners‟ health and longevity from budgetary reallocation to other existing
programs. The stress for the need for government to take a better look at considering public health
more generally and consider more comprehensive options available to improve health of the working
population is in need (Kniesner et al., 2003). This statement can very well hold true, being that since
the MINER Act in 2006 increased fines drastically, meaning more and more money is being spent
on penalties alone. My research shows the increasing amount of money that is being spent in coal
mining in Pennsylvania from 2006 to 2008. By having more control to reduce and eliminate some of
these risks will in turn save mining companies a nice penny. This money can then be put towards
other means of safety issues (i.e. standard health checkups of each miner with yearly exam to
maintain healthy employees), is just one, but more practical approach to use money more wisely.
After all, our miners are the most valuable asset to any mining company.
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Assessment of Risk in our Study
Differences with this particular study is that we are not just looking at the hazards that cause
harm but more so focusing on the significant cost of the penalties. Consequences described in
Kecojevic et al., Md-Nor et al., and Duzgan et al.‟s, research are the safety outcomes of such an
incident occurring. While in this study, consequences are a measure of the penalties that are issued
for violated standards. As a result, severity in this study is also in terms of the punitive costs due to
violations of standards.
My approach to setting up the rank of risk with each violation within the coal mines of
Pennsylvania takes on a similar approach to that of Kecojevic, Md-Nor, and Grayson. Generally the
same methods are employed for classification and distributing the violation of standards within a risk
matrix to very high risk to low risk violations. However in this study, for the time being, I opted to
have no complex math or confusing equations to puzzle the reader. Not that I want to “dumb it
down” or offend anyone‟s intelligence but, I believe that is important that anyone can understand
these safety issues. Safety is not limited to people who can only understand the diverse universe of
statistical equations and analysis; it is for anyone and everyone who wants to better the health and
safety industry. Thus, I take a simple, straight-forward approach at assigning risk to the most
frequent and punitive penalties associated with the violation of standards within coal mines.
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Focus of Study
Of particular interest is the study of threats from major hazard-related standards that are
violated in coal mines in Pennsylvania. Major hazard-related citations relate to potential incidents of
fires, explosions, massive roof falls, and inundations. This study is based on the MSHA database in
order to assess the risks from such threats. The study then determines priorities to manage the risks
posed in a systematic approach that could potentially mitigate the risks associated in coal mines.
Underground and surface mines are considered separately in this study (Figure 1-3). The
reason for separating these two-types of mines is due to the major differences of methods and tasks
involved and thus the source of potential violations have a completely different nature. Unlike
surface mining where both bituminous and anthracite coals are extracted in similar ways,
underground mining for these two coals are not. Underground mining is split into bituminous and
anthracite coal mines due to the underground mining methods of anthracite coal mining differ from
bituminous coal mining. Underground anthracite mining is not capable of using machinery used in
bituminous mines. Anthracite coal is very hard compared to bituminous coal, which makes using
machines such as continuous miners obsolete. The bits of a continuous miner are not strong enough
to cut the coal. This would make the process expensive, time consuming, and inefficient. Also
anthracite mines do not employ methods of longwall mining. Not only would the bits of the shearer
not cut the coal, but anthracite coal veins are rarely planar in nature. Most anthracite veins are
pitched at various angles, which would make longwall mining impractical. Thus, underground
anthracite mines use a more traditional, conventional, non-mechanized mining method. Hence,
citations for anthracite mines will be of a different nature than citations of bituminous mines due to
different types of mining employed.
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PENNSYLVANIA
COAL MINES

UNDERGROUND
BITUMINOUS

UNDERGROUND
ANTHRACITE

81%

1%

SURFACE MINES
18%

BITUMINOUS

ANTHRACITE

Figure 1-3: Division of mines in Pennsylvania within the set-up of the study and their average percent of coal
produced for Pennsylvania from 2006 to 2008.

Objectives of Research
This study focuses to help achieve a new safety benchmark for underground and surface coal
mines. From Figure 1-2, we are utilizing the first three steps of the risk management process.
Violations are addressed for the potential of being “Very High Risk” to “Low Risk” levels that are
occurring in coal mines dependent upon mine type (Surface and Underground Bituminous and
Anthracite). Violations are then analyzed and assessed acting as a tool to assist in defining a
benchmark for coal mines. The main point to stress is what the industry is paying for their yearly
violations. The severity is in terms of penalty costs (dollars) associated with the fines from citations
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that were given. This gives a measure of the risk associated with the penalties from violations.
Frequency of citations given and their consequences are totaled yearly to give a relative ranked value
of risk associated with that mine type. Industry can then help facilitate better understanding of the
higher risks that occur in their mines and gain better control of them.

Chapter 2
METHODOLOGY

Development of Methodology
This research study is based on historical MSHA citation data for both Pennsylvania
underground and surface bituminous and anthracite mines for the period 2006 through 2008;
specifically for the period from 01/01/2006 through 12/31/2008. Each year in this study is
considered separately. Based on a review of the MSHA database, the following data is retrieved and
sorted in Excel spreadsheets: ordinal number of the mine; arbitrary name of the mine (A, B, C, etc.);
date of citation issued; MSHA standard cited; description/name of the MSHA standard cited; and
actual citation penalties (in dollars).
The selection of mines is based on the percent of annual coal production for the time period
from 2006 to 2008. For underground bituminous an average of 53.3 million tons of coal was
produced, surface bituminous and anthracite had an average of 11.9 million tons, and underground
anthracite with a total of 0.24 million tons (Figure 2-1). Respectively, underground bituminous
mines produce the most coal with an average of 81% of the total amount of coal produced, while
surface mining represented approximately 18% and underground anthracite with slightly less than
1% (Figure 2-2). In this study underground anthracite will be mentioned but will not be the focus
based on the small contribution it has in comparison to the rest of the mines. This by no means is
suggesting that the safety issues within underground anthracite mines are any less important.
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Average Production from 2006-2008 in Pennsylvania
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Figure 2-1: Average Production in Million Tons (MT) for Mines in Pennsylvania from 2006 to 2008.

Average Percent of Total Amount of Coal Produced in
Pennsylvania from 2006-2008
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Figure 2-2: Average Percent of Coal Produced from Mines in Pennsylvania from 2006 to 2008.

The frequency of citations and the consequences of them in terms of penalty assessments are
determined. This study was focused on penalties as the consequences, rather than on making
estimates of potential costs related to a major-hazard event (fire, explosion, etc.). It should be noted
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that prevention of major-hazard events hinges on identifying and addressing major hazard-related
non-compliances.

Identification Methods of Risk Classifications
In the context of this study, the frequency of occurrence of hazards (citations) for a particular
standard is determined as the total number of citations received in a year. The frequency
classification used is shown in Table 2-1. The consequences of major hazard-related citations are
based on the actual citation penalty value. In the context of this study, the consequences of citations
for a particular standard is determined as the total amount of penalties (in dollars) received in a
particular year. The consequence classification used is shown in Table 2-2. The suggested
classification of frequency and consequences in this study is a modified classification used in
Grayson et al. (2009).

Table 2-1: Frequency of Occurrence Classification.
Frequency of occurrence
very high
high
moderate
low
very low

Definition
> 100 citations per year
> 50 but ≤ 100 citations per year
> 20 but ≤ 50 citations per year
> 10 but ≤ 20 citations per year
≤ 10 citation per year

Table 2-2: Consequence of Citations Classification.
Consequence of citations
very high cost
high cost
moderate cost
low cost
very low

Definition
> $50,000 per year
> $20,000 but ≤ $50,000 per year
> $10,000 but ≤ $20,000 per year
> $5,000 but ≤ $10,000 per year
≤ $5,000 per year
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The risk matrix used is shown in Table 2-3. This table shows the matrix for doing the quantitative
risk assessment for each standard violated. The following risk levels were used: “VERY HIGH RISK”
(VHR); “High Risk” (HR); “Moderate Risk” (MR), and “Low Risk” (LR).

Table 2-3: Matrix for Quantitative Risk Assessment for each Standard Violated.
Consequences/
Cost
Frequency

(very high cost)

(very high)

(high cost)

(moderate cost)

(low cost)

(very low cost)

75.400

(high)
(moderate)

75.400

(low)

75.400

(very low)
VERY HIGH RISK (VHR)

75.400
High Risk (HR)

Moderate Risk (MR)

Low Risk (LR)

In the matrix shown in Table 2-3, risks in the highest priority cells are located in the upper left part
of the table (red), while risks in the lowest priority cells are in the lower right corner (green). The
standards within the matrix are also categorized by font style. In which “VERY HIGH RISK”, is bold;
“High Risk”, is bold italics; “Moderate Risk”, is normal; and “Low Risk” is italic. The standard
75.400 is used an example above in Table 2-3. For each set of risk matrices there is a table that
accompanies it before hand describing the standard in detail (Table 2-4). The standards within the
table are put in ascending numerical order for the ease of finding the standards listed within the
matrix. These tables follow the same format; the “Very High Risk” standards are not only bolded
but the text is in „small caps‟ as well. The word “standard” is used as an example below in Table 2-4
within each risk category to demonstrate the font styles within each risk level in the “description”
column. The numbers used for the standard are strictly an example to show formatting.
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Table 2-4: Example of How Font Style is used in the “Description” Column with the word “Standard” to
Show Risk Levels.

Standard
75.400
75.502
77.1000
77.l600

Description
STANDARD
Standard
Standard
Standard
TOTAL:

Frequency
(citations/year)
120
34
16
4
174

Consequence
($/year)
60,000
17,500
6,000
2,100
$85,600

As stated before, “Very High Risk” is bold with the description in “small caps”; “High Risk”
is bold italics; “Moderate Risk” is normal font style; and “Low Risk” is italics. The “standard”
column has the standards listed in ascending order. This is followed by the “description” column,
which is the description of that standard. Next, the “Frequency”, which is the number of times that
standard was cited within a certain year. Lastly, the total penalty for all the citations is listed as
“Consequence”.
It is important to know that in this study, risks are ranked according to their frequencies of
occurrence and consequences (dollars) in a relative manner rather than in an absolute form. This will
help to avoid underestimating or overestimating risks involved in this assessment. The resulting
relative risk rankings are sufficient to prioritize remedial actions for identified risks, resource
allocations and control strategies.

Chapter 3
ANALYSIS

UNDERGROUND BITUMINOUS

Introduction
According to the MSHA database, a total of 37 underground bituminous mines operated in
2006 in Pennsylvania, 35 in 2007, followed by 38 in 2008, producing 53.5, 53.3, and 53.1 million
tons of coal, respectively (Figure 3-1). This represents 81, 82, and 81 percent, respectively, of the
total amount of coal produced in Pennsylvania.

UG Bituminous Mines and Production from 2006 - 2008
number

Million Tons (MT)

38

54.0
53.5 MT
53.3 MT

37
36
35

38

37

34

53.1 MT

53.5
53.0
52.5

35

33

Production (MT)

Number of Mines

39

52.0
2006

2007

2008

Year

Figure 3-1: Number of Underground Bituminous Mines and Their Production from 2006 to 2008.
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Frequency and Consequence of Major Violations
The results of the study indicate that a total of 3,006 citations were issued for underground
bituminous mines in Pennsylvania in 2006 with a total penalty of $545,312. Table 3-1 shows the top
50 cited standards, according to penalties (dollars) issued for citations. The frequency of occurrence
of these standards is also presented. The standards are sorted by numerical order. These 50 standards
accounted for a total of 2,366 citations or 78.7% of all standards cited and $481,472 or 88.2% of the
total penalty value for Pennsylvania‟s underground bituminous mines in 2006.
In 2007, a total of 1,887 citations were issued with a total penalty of $1,735,806 for
Pennsylvania‟s underground bituminous mines. Table 3-2 shows the top 50 cited standards,
according to penalties (dollars) issued for citations. The standards are sorted by numerical order. The
frequency of occurrence of these standards is also presented. These 50 standards accounted for a
total of 1,351 citations or 71.5% of all standards cited and $1,624,788 or 93.6% of the total penalty
value for Pennsylvania‟s underground bituminous mines in 2007.
In 2008, a total of 4,082 citations were issued with a total penalty of $4,508,021 for
Pennsylvania‟s underground bituminous mines. Table 3-3 shows the top 50 cited standards,
according to penalties (dollars) issued for citations. The standards are sorted by numerical order. The
frequency of occurrence of these standards is again presented. These 50 standards accounted for a
total of 2,933 citations or 71.8% of all standards cited and $4,055,410 or 89.9% of the total penalty
value for Pennsylvania‟s underground bituminous mines in 2008.
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Table 3-1: Frequency and Consequence of Top 50 Standards in 2006 for Underground Bituminous.
Standard
70.100
70.208
75.202
75.204
75.208
75.220
75.330
75.333
75.335
75.340
75.342
75.360
75.362
75.363
75.364
75.370
75.380
75.400
75.403
75.503
75.507-1
75.512
75.515
75.517
75.604
75.606
75.904
75.1003
75.1100-2
75.1100-3

75.1103-9
75.1106-3
75.1107-16
75.1403
75.1714-3
75.1720
75.1722
75.1725
77.200
77.202
77.205
77.400
77.502
77.505
77.512
77.516
77.1104
77.1605
77.1607
77.1710

Description
Respirable dust standards.
Bimonthly sampling; designated areas.
PROTECTION FROM FALLS OF ROOF, FACE AND RIBS.
Roof bolting.
Warning devices.
ROOF CONTROL PLAN.
Face ventilation control devices.
VENTILATION CONTROLS.
Seal strengths, design applications, and installation.
Underground electrical installations.
Methane monitors.
Preshift examination.
On-shift examination.
Hazardous conditions; posting, correcting and recording.
Weekly examination.
MINE VENTILATION PLAN; SUBMISSION AND APPROVAL.
Escapeways; bituminous and lignite mines.
ACCUMULATION OF COMBUSTIBLE MATERIALS.
Maintenance of incombustible content of rock dust.
PERMISSIBLE ELECTRIC FACE EQUIPMENT; MAINTENANCE.
Electric equipment other than power-connection points; outby the last open
crosscut; return air; permissibility requirements.
Electric equipment; examination, testing and maintenance
Cable fittings; suitability.
POWER WIRES AND CABLES; INSULATION AND PROTECTION.
Permanent splicing of trailing cables.
Protection of trailing cables.
Identification of circuit breakers.
Insulation of trolley wires, trolley feeder wires and bare signal wires; guarding
of trolley wires and trolley feeder wires.
Quantity and location of firefighting equipment.
Condition and examination of firefighting equipment.
Minimum requirements; fire suppression materials and location; maintenance of
entries and crosscuts; access doors; communications; fire crews; highexpansion foam devices.
Storage of liquefied and nonliquefied compressed gas cylinders; requirements.
Inspection of fire suppression devices.
Other safeguards.
Self-rescue devices; inspection, testing, maintenance, repair, and recordkeeping.
Protective clothing; requirements.
MECHANICAL EQUIPMENT GUARDS.
MACHINERY AND EQUIPMENT; OPERATION AND MAINTENANCE
Surface installations; general.
Dust accumulations in surface installations.
Travelways at surface installations.
Mechanical equipment guards.
Electric equipment; examination, testing, and maintenance.
Cable fittings; suitability.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.
Accumulations of combustible materials.
Loading and haulage; general.
Loading and haulage equipment; operation.
Protective clothing; requirements.
Total:

Frequency
(citations/year)
12
19
79
12
20
111
11
153
3
28
41
37
15
4
26
157
53
338
89
153

Consequence
($/year)
2,935
1,580
49,983
1,886
4,728
59,547
1,642
12,857
2,710
3,605
4,079
13,595
5,957
12,420
1,929
16,698
8,217
73,783
15,148
14,173

4
46
31
114
27
28
28

2,470
6,111
3,688
18,303
2,791
2,724
2,942

11
56
70

1,842
3,491
5,147

6
16
17
63
23
9
88
89
10
12
35
47
20
20
25
36
32
26
8
8
2,366

4,545
1,799
2,152
11,070
1,698
9,203
21,164
24,715
2,435
2,653
7,178
12,038
2,345
2,262
3,301
2,912
5,001
2,332
1,783
3,905
$481,472
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Table 3-2: Frequency and Consequence of Top 50 Standards in 2007 for Underground Bituminous.
Standard
70.100
70.101
70.207
70.208
75.202
75.204
75.220
75.310
75.313
75.325
75.333
75.340
75.342
75.360
75.362
75.363
75.364
75.370
75.380
75.400
75.403
75.503
75.506-1
75.512
75.512-2
75.517
75.523-3
75.604
75.606
75.904
75.1100-2
75.1100-3
75.1103-5
75.1501
75.1502
75.1504
75.1505
75.1714-3
75.1715
75.1720
75.1722
75.1725
77.205
77.400
77.402
77.502
77.505
77.516
77.1605
77.1710

Description
Respirable dust standards.
Respirable dust standard when quartz is present.
Bimonthly sampling; mechanized mining units.
Bimonthly sampling; designated areas.
PROTECTION FROM FALLS OF ROOF, FACE AND RIBS.
Roof bolting.
ROOF CONTROL PLAN.
Installation of main mine fans.
Main mine fan stoppage with persons underground.
Air quantity.
VENTILATION CONTROLS.
Underground electrical installations.
Methane monitors.
PRESHIFT EXAMINATION.
On-shift examination.
Hazardous conditions; posting, correcting and recording.
WEEKLY EXAMINATION.
MINE VENTILATION PLAN; SUBMISSION AND APPROVAL.
ESCAPEWAYS; BITUMINOUS AND LIGNITE MINES.
ACCUMULATION OF COMBUSTIBLE MATERIALS.
MAINTENANCE OF INCOMBUSTIBLE CONTENT OF ROCK DUST.
PERMISSIBLE ELECTRIC FACE EQUIPMENT; MAINTENANCE.
Electric face equipment; permissible condition; maintenance requirements.
ELECTRIC EQUIPMENT; EXAMINATION, TESTING AND MAINTENANCE.
Frequency of examinations.
POWER WIRES AND CABLES; INSULATION AND PROTECTION.
Automatic emergency-parking brakes.
Permanent splicing of trailing cables.
Protection of trailing cables.
Identification of circuit breakers.
Quantity and location of firefighting equipment.
Condition and examination of firefighting equipment.
Automatic fire warning devices; manual resetting.
Emergency evacuations.
Mine emergency evacuation and firefighting program of instruction.
Mine emergency evacuation training and drills.
Escapeway maps.
Self-rescue devices; inspection, testing, maintenance, repair, and
recordkeeping.
Identification check system.
Protective clothing; requirements.
Mechanical equipment guards.
Machinery and equipment; operation and maintenance.
Travelways at surface installations.
Mechanical equipment guards.
Hand-held power tools; safety devices.
Electric equipment; examination, testing , and maintenance..
Cable fittings; suitability.
Electric wiring and equipment; installation and maintenance.
Loading and haulage equipment; installations.
Protective clothing; requirements.
Total:

Frequency
(citations/year)
9
4
8
23
39
13
82
5
2
6
69
10
11
35
11
1
28
67
41
143
72
132
3
24
3
58
24
23
20
20
29
42
4
1
14
4
14

Consequence
($/year)
6,900
4,994
6,427
6,056
141,280
3,995
97,971
6,526
108,165
5,557
55,626
12,311
5,225
255,829
10,317
7,774
67,431
61,684
54,947
156,045
58,778
34,257
4,116
168,380
4,700
25,171
7,461
6,241
5,904
6,830
3,988
5,957
3,874
6,458
4,660
28,179
12,125

22
11
4
38
49
17
23
12
37
11
11
15
7
1,351

21,796
6,333
2,972
26,810
32,207
5,063
7,536
3,160
40,876
4,053
3,473
3,721
4,649
$1,624,788
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Table 3-3: Frequency and Consequence of Top 50 Standards in 2008 for Underground Bituminous.
Standard
70.100
70.208
75.202
75.208
75.211
75.220
75.333
75.337
75.340
75.342
75.351
75.360
75.363
75.364
75.370
75.380
75.381
75.400
75.403
75.503
75.512
75.515
75.517
75.523-2
75.523-3
75.604
75.904
75.1100-2
75.1100-3
75.1101-1
75.1101-8
75.1103-4

75.1103-9
75.1107-16
75.1313
75.1403
75.1501
75.1504
75.1714-3
75.1714-7
75.1722
75.1725
75.1914
77.205
77.400
77.404
77.502
77.516

Description
Respirable dust standards.
Bimonthly sampling; designated areas.
PROTECTION FROM FALLS OF ROOF, FACE AND RIBS.
Warning devices.
Roof testing and scaling.
ROOF CONTROL PLAN.
VENTILATION CONTROLS.
Construction and repair of seals.
UNDERGROUND ELECTRICAL INSTALLATIONS.
Methane monitors.
Atmospheric monitoring system (AMS).
PRESHIFT EXAMINATION.
Hazardous conditions; posting, correcting and recording.
Weekly examination.
MINE VENTILATION PLAN; SUBMISSION AND APPROVAL.
ESCAPEWAYS; BITUMINOUS AND LIGNITE MINES.
Escapeways; anthracite mines.
ACCUMULATION OF COMBUSTIBLE MATERIALS.
MAINTENANCE OF INCOMBUSTIBLE CONTENT OF ROCK DUST.
PERMISSIBLE ELECTRIC FACE EQUIPMENT; MAINTENANCE.
ELECTRIC EQUIPMENT; EXAMINATION, TESTING AND MAINTENANCE.
Cable fittings; suitability.
POWER WIRES AND CABLES; INSULATION AND PROTECTION.
Deenergization of self-propelled electric face equipment; performance
requirements.
Automatic emergency-parking brakes.
Permanent splicing of trailing cables.
Identification of circuit breakers.
Quantity and location of firefighting equipment.
Condition and examination of firefighting equipment.
Deluge-type water spray systems.
WATER SPRINKLER SYSTEMS; ARRANGEMENT OF SPRINKLERS.
Automatic fire sensor and warning device systems; installation; minimum
requirements.
Minimum requirements; fire suppression materials and location; maintenance
of entries and crosscuts; access doors; communications; fire crews; highexpansion foam devices.
Inspection of fire suppression devices.
Explosives and detonators outside of magazines.
OTHER SAFEGUARDS.
Emergency evacuations.
Mine emergency evacuation training and drills.
Self-rescue devices; inspection, testing, maintenance, repair, and
recordkeeping.
Multi-gas detectors.
MECHANICAL EQUIPMENT GUARDS.
MACHINERY AND EQUIPMENT; OPERATION AND MAINTENANCE.
Maintenance of diesel-powered equipment.
Travelways at surface installations.
Mechanical equipment guards.
Machinery and equipment; operation and maintenance.
ELECTRIC EQUIPMENT; EXAMINATION, TESTING, AND MAINTENANCE.
Electric wiring and equipment; installation and maintenance.

Frequency
(citations/year)
7
33
101
17
7
135
188
2
45
44
19
50
7
50
148
160
4
363
100
216
62
48
130

Consequence
($/year)
14,810
18,983
93,717
14,020
18,212
239,462
83,506
19,971
89,743
34,746
15,056
271,685
64,362
41,025
189,591
596,274
22,391
933,802
35,427
70,724
41,422
13,418
113,711

26
44
27
51
49
90
20
28

18,830
27,296
24,492
19,905
12,921
16,730
12,876
78,193

8

26,731

2
41
3
57
8
13

14,296
47,950
40,682
37,219
15,432
11,296

35
18
90
168
2
39
30
33
51
52

32,575
21,342
87,246
252,969
21,414
19,227
20,363
36,167
31,927
13,616

25
77.1607
90.209

Loading and haulage equipment; operation.
Respirable dust samples; transmission by operator.
Total:

11
1
2,933

11,557
66,100
$4,055,410

Analyzing the data for these three years, it can be observed that the frequency of citations
decreased significantly, from 3,006 in 2006 to 1,887 in 2007 and then increased considerably, from
1,887 in 2007 to 4,082 in 2008 (Figure 3-2). However, penalties for violations of standards have
risen dramatically from $545,312 in 2006 to $1,735,806 in 2007 and $4,508,021 in 2008. This
consistent increase now represents a significant cost to mines.
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Figure 3-2: Number of Citations verses Penalties (dollars) per Year for Underground Bituminous Mines.

26

Quantitative Risk Assessment
The completed risk assessment matrices for 2006, 2007, and 2008 are shown in Tables 3-4,
3-5, and 3-6 respectively. They are based on the generic risk matrix shown in Table 2-3.
A total of six standards were classified as “very high” in the frequency category for 2006,
nine as “high,” 15 as “moderate,” 13 as “low,” and seven as “very low” (Table 3-4). In the
consequence category, two standards were classified as “very high cost”, three as “high cost,” nine
as “moderate cost,” seven as “low cost,” and 29 as “very low cost.”
A total of 338 citations were issued by MSHA for the standard 75.400 – “Accumulation of
combustible material” with a total penalty of $73,782. The second most cited standard was standard
75.370 – “Mine ventilation plans, submission and approval.” There were a total of 157 citations
issued for this standard with a total penalty of $16,698. However, the second highest cited standard
in terms of penalty value or consequence ($59,547) was Standard 75.220 – Roof control plan, at a
total of 111 violations.
Based on the data summarized in Table 3-1 and the results presented in Table 3-4, a total of
nine standards were placed in the “Very High Risk” category, seven standards in the “High Risk”
category, four in the “Moderate Risk” category and the remaining 30 standards were placed in the
“Very Low Risk” category.
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Table 3-4: Matrix for Quantitative Risk Assessment for each Standard Violated in 2006 for Underground
Bituminous Mines.
Consequences/
Cost
Frequency

> 100 per year
(very high)

>$50,000
(very high cost)

> $20,00
but ≤ $50,000
(high cost)

≤ $5,000
(very low cost)

75.403
75.1403

75.380
72.205
75.1100-3

75.1100-2

75.360
77.400

75.512
77.1104

75.517
75.370
75.503
75.333

75.400
75.220

> 50 per year; ≤ 100
per year (high)

> $5,000 but ≤
$10,000
(low cost)

> $10,000 but
≤ 20,000
(moderate cost)

75.202
75.1725
75.1722

> 20 per year; ≤ 50
per year (moderate)

> 10 per year; ≤ 20
per year (low)

75.362

≤ 10 per year
(very low)

VERY HIGH RISK (VHR)

75.363

High Risk (HR)

Moderate Risk (MR)

75.1720

75.342; 75.515;
75.340; 77.512;
75.905; 77.516;
75.604; 75.606;
77.1605; 75.364;
75.1714-3
75.208; 70.100;
77.202; 77.502;
77.505; 75.1107-16;
75.204; 75.1003;
75.1106-3; 75.3330;
70.208;
75.1103-9; 77.1710;
77.200; 75.335;
75.507-1; 77.1607

Low Risk (LR)

Two standards were classified as “very high” in the frequency category for 2007, five as
“high,” 15 as “moderate,” 13 as “low,” and 15 as “very low” (Table 3-5). A total of 11 standards
were classified as “very high cost” in the consequence category, seven as “high cost,” three as
“moderate cost,” 15 as “low cost,” and 14 as “very low cost.”
There were a total of 143 citations issued by MSHA for the standard 75.400 – “Accumulation
of combustible material”, with a total penalty of $156,045. The second most cited standard was
standard 75.503 – “Permissible electric face equipment, maintenance.” A total of 132 citations were
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issued for this standard with a total penalty of $34,257. However, the highest cited standard in terms
of penalty value ($255,829) was standard 75.360 – “Preshift examination,” with a total of 35
violations. It was interesting to note that standard 75.313 – “Main mine fan stoppage with persons
underground” was cited only two times, however, the total penalty value was $108,165.
Based on the data summarized in Table 3-2 and the results presented in Table 3-5, a total of
12 standards were placed in the “Very High Risk” category, four standards in “High Risk” category,
14 in “Moderate Risk” category and the remaining 20 standards were placed in “Very Low Risk”
category.

Table 3-5: Matrix for Quantitative Risk Assessment for each Standard Violated in 2007 for Underground
Bituminous Mines.
Consequences/
Cost
Frequency

>$50,000
(Very High Cost)

> $20,00
but ≤ $50,000
(High Cost)

75.400

75.503

> 100 per year
(Very High)
> 50 per year; ≤ 100
per year (High)
> 20 per year; ≤ 50
per year (Moderate)

75.220
75.370
75.403
75.333
75.360
75.512
75.202
75.364; 75.380

77.502
75.1725
75.1722
75.1714-3
75.1505
75.362

VERY HIGH RISK (VHR)

75.313

> $5,000 but ≤
$10,000
(Low Cost)

≤ $5,000
(Very Low Cost)

75.517

> 10 per year; ≤ 20
per year (Low)

≤ 10 per year
(Very Low)

> $10,000 but
≤ 20,000
(Moderate Cost)

75.1504

High Risk (HR)

75.340

Moderate Risk (MR)

77.400
75.523-3
75.604; 70.208
75.1100-3
77.205
75.904
75.1715
75.606
75.342
75.363; 70.100
75.310
75.1501
70.207; 75.325

75.1100-2

75.1502
77.505; 75.204
77.1605; 77.516
77.402
70.101; 75.512-2
77.1710; 75.506-1
75.1103-5
75.1720

Low Risk (LR)
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Table 3-6: Matrix for Quantitative Risk Assessment for each Standard Violated in 2008 for Underground
Bituminous Mines.
Consequences/
Cost
Frequency

>$50,000
(very high cost)

> 100 per year
(very high)

75.400; 75.380;
75.1725;
75.220; 75.370;
75.517; 75.202;
75.333; 75.503

> 50 per year; ≤ 100
per year (high)

75.1722

> 20 per year; ≤ 50
per year (moderate)

75.360; 75.340;
75.1101-8

> 10 per year; ≤ 20
per year (low)

≤ 10 per year
(very low)

90.209; 75.363

VERY HIGH RISK (VHR)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

75.512; 75.1403;
75.403; 77.502

75.904; 75.1100-3;
77.516

75.1107-16;
75.364; 77.404;
75.342; 75.1714-3;
75.523-3; 75.604;
77.400

77.205; 70.208;
75.523-2; 75.515;
75.1100-2

75.1714-7

75.351; 75.208;
75.1101-1;
77.1607; 75.1504

75.1313; 75.11034; 75.381; 75.1914

75.337; 75.211;
75.1501; 70.100;
75.1103-9

High Risk (HR)

Moderate Risk (MR)

> $5,000 but ≤
$10,000
(low cost)

≤ $5,000
(very low cost)

Low Risk (LR)

For 2008, there are nine standards that were classified as “very high” in the frequency

category, eight as “high,” 16 as “moderate,” six as “low,” and 11 as “very low” (Table 3-6). In the
consequence category, fifteen standards were classified as “very high cost”, 17 as “high cost,” 18 as
“moderate cost,” and none as “low cost,” or “very low cost.”
A total of 363 citations were issued by MSHA for the standard 75.400 – “Accumulation of
combustible material” with a total penalty of $933,802. The second most cited standard was 75.503
– “Permissible electric face equipment; maintenance.” There were a total of 216 citations issued for
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this standard with a total penalty of $70,724. However, the second highest cited standard in terms of
penalty value or consequence ($596,274) was Standard 75.380 – Escapeways; bituminous and lignite
mines with a total of 160 violations. It was interesting to note that standard 90.209 – “Respirable
dust samples, transmission by operator” was cited only once, however, the total penalty value was
$66,100.
Based on the data summarized in Table 3-3 and the results presented in Table 3-6, a total of
17 standards were placed in the “Very High Risk” category, 17 standards in the “High Risk”
category, 11 in the “Moderate Risk” category and the remaining five standards were placed in the
“Very Low Risk” category.

Top Penalized Citations from 2006 - 2008
Analyzing all three years from 2006 to 2008 from the top 50 standards mentioned in Tables
3-1, 3-2, and 3-2, Figure 3-3 gives an overall picture of the top five standards that have frequently
been cited. This contributes to a large amount of penalties to the underground bituminous mines.
Figure 3-3 is put together showing the standards most frequently violated in descending order from
left to right. The frequency of citations are labeled within the center of each column for each type of
violation. Figure 3-3 below shows these top five standards with their general description of the
“Subpart name” from the MSHA‟s 30 CFR, for Type Violation. Table 3-7 under Figure 3-3 shows
the data from the graph.
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Penalty ($)

Top 5 Penalized Citations from 2006-2008 in Underground
Bituminous Mines
2,500,000
2,000,000
1,500,000
1,000,000
500,000
0

1,531

Penalty ($)

1,105
1,118

643

614

Type Violation

Figure 3-3: The Top 5 Penalized Citations from 2006 to 2008 in Underground Bituminous Mines with
Number of Violations and the Associated Total Penalty (dollars).

Table 3-7: Data Table from Figure 3-3 showing Type of Violation, Penalty ($), and Frequency.

Table 3-7 shows that ventilation citations were the main contributor penalties given from
2006 to 2008, basically any citation given under subchapter O – Coal Mine Safety and health in
MSHA‟s 30 CFR, in Subpart D, Ventilation. For example, any standard violated from 75.300
(scope) to 75.389 (mining into inaccessible areas), is included in “Ventilation” in Table 3-7. The
same suit follows for the rest of the “Type Violations” in the table listed. As mentioned before the
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standards are represented by the frequency of citations given in descending order from left or right
from Ventilation having a frequency of citations of 1,531 times in three years to Roof Support
having 614 citations over the three years.
The total cost of just these top five groups of standards have contributed a total of $5,275,969
to underground bituminous mines in only three years time. Looking at the whole scope of the
research, including all citations from 2006 to 2008 (including citations not given in the top 50 in
tables 3-1, 3-2, and 3-3) in underground bituminous mines, a total of $6,789,139 was spent on
penalties. The top five alone from Table 3-7 contribute to 77.7% of the total penalties.
Figure 3-4 and Figure 3-5 illustrate the frequency of citations and the penalty costs per year
from 2006, 2007, and 2008 for each of the top five violations in underground bituminous mines from
Figure 3-3. It is evident that there is a strong trend for all of the citations. In Figure 3-4 citation
frequency decreases from 2006 to 2007 approximately 50%, then increases from 2007 to 2008 to
almost double. Figure 3-5 shows there is a significant increase in penalties for the citations from
2006 to 2007, and more so from 2007 to 2008.

33

Number of Citations

Frequency of Citations for the Top 5 Citations per Year in
Underground Bituminous Mines
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Figure 3-4: Frequency of Citations for the Top 5 Citations in Underground Bituminous Mines from 2006 to
2008.
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Penalty ($)

Penalties for the Top 5 Citations per Year in Underground
Bituminous Mines
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Figure 3-5: Penalty Value (dollars) per Year for the Top 5 Citations in Underground Bituminous Mines from
2006 to 2008.

35

UNDERGROUND ANTHRACITE

Introduction
For Pennsylvania‟s underground anthracite mines there were a total of 17 in 2006, 15 in
2007, and 13 in 2008, producing 0.27, 0.22, and 0.24 million tons of coal, respectively (Figure 3-6).
All three years represents less than one percent, of the total amount of coal produced in
Pennsylvania‟s underground anthracite mines from 2006 to 2008.

UG Anthracite Mines and Production from 2006 - 2008

Number of Mines

18

Million Tons

0.27 MT

17
16
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11
2006

0.28
0.27
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Figure 3-6: Number of Underground Anthracite Mines and Their Production from 2006 to 2008.
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Frequency and Consequence of Major Violations
For Pennsylvania‟s underground anthracite mines in 2006, there were a total of 143 citations
given by MSHA, with a total penalty value of $16,914. Table 3-8 shows the top 50 cited standards
sorted by the standards in numerical order. The description of the standard, its frequency of
occurrence and the consequence in terms of penalty (dollars) is also presented. The 50 standards in
Table 3-8 accounted for 129 citations or 90.2% of all standards cited and $16,142 or 95.4% of the
total penalty value for Pennsylvania‟s underground anthracite mines in 2006.
The standard 75.220 – “Roof control plan” had the highest penalty value of $2,174, with only
two citations. Standard 75.381 – “Escapeways; anthracite mines” was the most cited standard with
10 citations, which cost a total penalty of $1,061. The second highest citation in terms of penalty
value was 75.389 – “Mining into inaccessible areas” with $1,500 and only two citations.
By 2007, there were a total of 219 citations issued by MSHA and a significant increase in
total penalty costs of $208,511. Table 3-9 shows the top 50 standards cited for 2007 sorted by the
standards in numerical order with each standards frequency of occurrence and total consequence
(dollars). In Table 3-9 the top 50 standards cited are responsible for 195 total citations or 89.0% of
all standards cited and $206,193 or 98.8% of the total penalty value for those consequences. These
account for almost all of the penalties (dollars) for 2007 in underground anthracite mines.
Standard 75.220 – “Roof control plan” had the highest penalty value of $60,836; with 18
citations issued by MSHA. Second highest penalty valued citation was 75.202 – “Protection from
falls of roof, face and ribs” with $38,710 and five citations. In terms of citation frequency 75.381 –
“Escapeways; anthracite mines” was also cited 18 times with a total penalty of $10,560.
In 2008 penalty costs decreased to $169,816, with a total of 227 citations issued by MSHA.
Accordingly, Table 3-10 presents the top 50 standards for 2008, again following the same format as
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the previous tables. The top 50 standards have a total of 197 citations, which is 86.7% of the total
citations. Correspondingly, the consequences of these citations have a penalty of $166,816 or 84.7%
of the total penalties associated with Pennsylvania‟s underground anthracite mines in 2008.
The highest consequence for 2008 was $101,496 for the standard 75.202 – “Protection from
falls of roof, face and ribs.” with a total of only three citations issued by MSHA. However the most
cited standard was standard 75.220 – “Roof control plan.” There were a total of 24 citations issued
for this standard with a total penalty of $8,117. Yet interestingly, the second highest cited standard
in terms of penalty value or consequence ($17,300) was Standard 75.362 – “On-shift examination”,
with only one citation.
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Table 3-8: Frequency and Consequence of Top 50 Standards in 2006 for Underground Anthracite.
Standard
49.2
50.30
70.207
75.208
75.220
75.310
75.320
75.325
75.330
75.333
75.335
75.340
75.360
75.370
75.372
75.381
75.383
75.389
75.400
75.503
75.512
75.515
75.520
75.1100-2
75.1100-3
75.1101-10
75.1200
75.1202-1
75.1400
75.1401
75.1402
75.1502
75.1702
75.1713-3
75.1713-7
75.1714-2
75.1715
75.1720
75.1722
75.1725
77.205
77.400
77.410
77.502
77.1000
77.1102
77.1103
77.1110
77.1605
77.1607

Description
Availability of mine rescue teams.
Preparation and submission of MSHA Form 7000-2--Quarterly Employment
and Coal Production Report.
Bimonthly sampling; mechanized mining units.
Warning devices.
Roof control plan.
Installation of main mine fans.
Air quality detectors and measurement devices.
Air quantity.
Face ventilation control devices.
Ventilation controls.
Seal strengths, design applications, and installation.
Underground electrical installations.
Preshift examination.
Mine ventilation plan; submission and approval.
Mine ventilation map.
Escapeways; anthracite mines.
Escapeways; maps and drills.
Mining into inaccessible areas.
Accumulation of combustible materials.
Permissible electric face equipment; maintenance.
Electric equipment; examination, testing and maintenance.
Cable fittings; suitability.
Electric equipment; switches.
Quantity and location of firefighting equipment.
Condition and examination of firefighting equipment.
Water sprinkler systems; fire warning devices at belt drives.
Mine map.
Temporary notations, revisions, and supplements.
Hoisting equipment; general.
Hoists; rated capacities; indicators.
Communication between shaft stations and hoist room.
Mine emergency evacuation and firefighting program of instruction.
Smoking; prohibition.
First-Aid training; supervisory employees.
First-aid equipment; location; minimum requirements.
Self-rescue devices; use and location requirements.
Identification check system.
Protective clothing; requirements.
Mechanical equipment guards.
Machinery and equipment; operation and maintenance.
Travelways at surface installations.
Mechanical equipment guards.
Mobile equipment; automatic warning devices.
Electric equipment; examination, testing, and maintenance.
Highwalls, pits and spoil banks; plans.
Warning signs; smoking and open flame.
Flammable liquids; storage.
Examination and maintenance of firefighting equipment.
Loading and haulage equipment; installations.
Loading and haulage equipment; operation.
Total:

Frequency
Consequence
(citations/year)
($/year)
2
120
2
4
1
3
2
3
1
2
1
1
1
3
5
5
10
2
2
2
2
2
2
1
4
4
1
1
2
4
1
1
8
1
1
2
2
3
1
1
3
4
6
4
2
1
1
1
2
7
2
129

120
240
60
2,174
100
343
91
225
203
107
203
180
1,074
513
1,061
120
1,500
120
248
144
263
124
256
240
203
750
120
220
99
60
811
60
221
120
585
180
76
165
466
236
318
340
120
60
76
80
120
579
248
$16,142
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Table 3-9: Frequency and Consequence of Top 50 Standards in 2007 for Underground Anthracite.
Standard
48.26
49.2
70.207
75.202
75.208
75.220
75.310
75.312
75.325
75.331
75.333
75.334
75.360
75.363
75.364
75.370
75.372
75.381
75.400
75.503
75.512
75.515
75.1100-3
75.1200
75.1202-1
75.1312
75.1400
75.1403-10
75.1505
75.1600
75.1702
75.1713-5
75.1713-7
75.1719-4
75.1722
75.1725
75.1730
77.107
77.200
77.205
77.400
77.502-2
77.505
77.512
77.516
77.1102
77.1103
77.1109
77.1110
77.1605

Description
Experienced miner training.
Availability of mine rescue teams.
Bimonthly sampling; mechanized mining units.
Protection from falls of roof, face and ribs.
Warning devices.
Roof control plan.
Installation of main mine fans.
Main mine fan examinations and records.
Air quantity.
Auxiliary fans and tubing.
Ventilation controls.
Worked-out areas and areas where pillars are being recovered.
Preshift examination.
Hazardous conditions; posting, correcting and recording.
Weekly examination.
Mine ventilation plan; submission and approval.
Mine ventilation map.
Escapeways; anthracite mines.
Accumulation of combustible materials.
Permissible electric face equipment; maintenance.
Electric equipment; examination, testing and maintenance.
Cable fittings; suitability.
Condition and examination of firefighting equipment.
Mine map.
Temporary notations, revisions, and supplements.
Explosives and detonators in underground magazines.
Hoisting equipment; general.
Criteria--Haulage; general.
Escapeway maps.
Communications.
Smoking; prohibition.
First-aid training program; retraining of supervisory employees; availability
to all miners.
First-aid equipment; location; minimum requirements.
Mining machines, cap lamps; requirements.
Mechanical equipment guards.
Machinery and equipment; operation and maintenance.
Compressed air; general; compressed air systems.
Training programs.
Surface installations; general.
Travelways at surface installations.
Mechanical equipment guards.
Electric equipment; frequency of examination and testing.
Cable fittings; suitability.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.
Warning signs; smoking and open flame.
Flammable liquids; storage.
Quantity and location of firefighting equipment.
Examination and maintenance of firefighting equipment.
Loading and haulage equipment; installations.
Total:

Frequency
Consequence
(citations/year)
($/year)
1
142
2
160
4
530
5
38,710
1
190
18
60,836
6
751
1
162
5
4,407
2
200
11
15,260
1
2,000
10
24,561
2
227
5
10,540
12
5,958
9
4,672
18
10,560
2
200
3
700
3
300
4
400
4
760
2
4,000
2
200
2
247
3
362
1
460
8
680
1
4,000
1
162
1
2
2
1
3
1
1
2
6
4
2
2
3
2
2
1
6
3
2
195

383
200
200
190
514
176
4,000
4,060
897
479
261
200
424
200
200
285
727
260
200
$206,193
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Table 3-10: Frequency and Consequence of Top 50 Standards in 2008 for Underground Anthracite.
Standard
41.12
62.130
70.207
70.208
75.202
75.220
75.310
75.311
75.320
75.330
75.333
75.360
75.362
75.363
75.364
75.370
75.372
75.381
75.400
75.503
75.506-1
75.507-1
75.512
75.514
75.515
75.807
75.902
75.1100-3
75.1403-10
75.1433
75.1502
75.1505
75.1713-7
75.1714-2
75.1722
77.200
77.205
77.400
77.410
77.502
77.505
77.512
77.516
77.701
77.904
77.1104
77.1110
77.1433
77.1605
77.1607

Description
Changes; notification by operator.
Permissible exposure level
Bimonthly sampling; mechanized mining units.
Bimonthly sampling; designated areas.
Protection from falls of roof, face and ribs.
Roof control plan.
Installation of main mine fans.
Main mine fan operation.
Air quality detectors and measurement devices.
Face ventilation control devices.
Ventilation controls.
Preshift examination.
On-shift examination.
Hazardous conditions; posting, correcting and recording.
Weekly examination.
Mine ventilation plan; submission and approval.
Mine ventilation map.
Escapeways; anthracite mines.
Accumulation of combustible materials.
Permissible electric face equipment; maintenance.
Electric face equipment; permissible condition; maintenance requirements.
Electric equipment other than power-connection points; outby the last open
crosscut; return air; permissibility requirements.
Electric equipment; examination, testing and maintenance.
Electrical connections or splices; suitability.
Cable fittings; suitability.
Installation of high-voltage transmission cables.
Low- and medium-voltage ground check monitor circuits.
Condition and examination of firefighting equipment.
Criteria--Haulage; general.
Examinations.
Mine emergency evacuation and firefighting program of instruction.
Escapeway maps.
First-aid equipment; location; minimum requirements.
Self-rescue devices; use and location requirements.
Mechanical equipment guards.
Surface installations; general.
Travelways at surface installations.
Mechanical equipment guards.
Mobile equipment; automatic warning devices.
Electric equipment; examination, testing, and maintenance.
Cable fittings; suitability.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.
Grounding metallic frames, casings, and other enclosures of electric
equipment.
Identification of circuit breakers.
Accumulations of combustible materials.
Examination and maintenance of firefighting equipment.
Examinations.
Loading and haulage equipment; installations.
Loading and haulage equipment; operation.
Total:

Frequency
Consequence
(citations/year)
($/year)
1
100
2
200
3
300
1
100
3
101,496
24
8,117
5
500
1
2000
1
285
2
4,900
10
4,615
5
7,100
1
17,300
1
499
3
300
7
2,662
9
950
15
1,500
2
200
6
600
4
400
1
6
3
2
1
2
4
2
2
2
2
2
3
2
2
5
8
5
4
5
3
3

540
608
300
200
150
200
408
200
380
200
200
200
2,500
262
200
644
890
500
400
500
390
300

4
2
2
5
2
5
2
197

490
200
200
500
200
640
290
$166,816
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Analyzing the data for these three years, it can be observed that the frequency of citations
increased slightly from 143 in 2006, to 219 in 2007, then to 227 in 2008 (Figure 3-7). However,
penalties for violations of standards went from $16,914 in 2006, to $201,511 in 2007, more than
twelve times the amount. By 2008 penalties slightly decreased to $169,816.

Citations vs. Penalties per Year for Underground Anthracite Mines
$ 208,511
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Figure 3-7: Number of Citations verses Penalties (dollars) per Year for Underground Anthracite Mines.
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Quantitative Risk Assessment
The completed risk assessment matrices for 2006, 2007, and 2008 are shown in Tables 3-11,
3-12, and 3-13 respectively. The risk matrices are based on the generic risk matrix shown in Table 23.
In 2006 for underground anthracite mines, all standards fell into the “very low” frequency
and consequence category (Table 3-11). Hence, ranking all the standards cited in 2006 the “Very
Low Risk” category.

Table 3-11: Matrix for Quantitative Risk Assessment for each Standard Violated in 2006 for Underground
Anthracite.
Consequences/
Cost
Frequency

>$50,000
(very high cost)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

> $5,000 but ≤
$10,000
(low cost)

≤ $5,000
(very low cost)

> 100 per year
(very high)
> 50 per year; ≤ 100
per year (high)
> 20 per year; ≤ 50
per year (moderate)
> 10 per year; ≤ 20
per year (low)
≤ 10 per year
(very low)
VERY HIGH RISK (VHR)

All Standards
High Risk (HR)

Moderate Risk (MR)

Low Risk (LR)

Table 3-12 shows in 2007 there was one standard classified as “very high cost” in the
consequence category, two as “high cost”, three as “moderate cost”, one as “low cost”, and the
remaining 43 standards in “very low cost”. Accordingly, there are a total of four standards classified
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as “low” in the frequency category and the rest of the 46 standards in the “very low” frequency
category. Based on the standards within the matrix in Table 3-12, there is one standard classified as
“High Risk”, five as “Moderate Risk”, one as “Low Risk”, and the remaining 43 standards as “Very
Low Risk”.

Table 3-12: Matrix for Quantitative Risk Assessment for each Standard Violated in 2007 for Underground
Anthracite.
Consequences/
Cost
Frequency

>$50,000
(very high cost)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

> $5,000 but ≤
$10,000
(low cost)

75.333;
75.381

75.370

≤ $5,000
(very low cost)

> 100 per year
(very high)
> 50 per year; ≤ 100
per year (high)
> 20 per year; ≤ 50
per year (moderate)
> 10 per year; ≤ 20
per year (low)

75.220

≤ 10 per year
(very low)
VERY HIGH RISK (VHR)

75.202;
75.360
High Risk (HR)

75.364

Moderate Risk (MR)

Remaining 43
Standards
Low Risk (LR)

For 2008, in Table 3-13, there was only one standard classified within the “moderate”
frequency category, one in the “low”, and the remaining standards were in the “very low” category.
As for consequences, one standard was classified as “very high cost”, one as “moderate cost”, two as
low cost”, and the remaining standards as “very low cost”. Based on the data within the risk matrix
in Table 3-13, two standards were placed in the “Moderate Risk” category, and the remaining 48
standards were left in the “Very Low Risk” category.
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Table 3-13: Matrix for Quantitative Risk Assessment for each Standard Violated in 2008 for
Underground Anthracite.
Consequences/
Cost
Frequency

>$50,000
(very high cost)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

> $5,000 but ≤
$10,000
(low cost)

≤ $5,000
(very low cost)

> 100 per year
(very high)
> 50 per year; ≤ 100
per year (high)
> 20 per year; ≤ 50
per year (moderate)

75.220

> 10 per year; ≤ 20
per year (low)
≤ 10 per year
(very low)

75.381
75.202

VERY HIGH RISK (VHR)

75.362

High Risk (HR)

75.360

Moderate Risk (MR)

Remaining 45
Standards
Low Risk (LR)

Top Penalized Citations from 2006 - 2008
Figure 3-8 shows the top five standards that have frequently been cited, contributing a large
amount of penalties to the underground anthracite mines for all of 2006 to 2008. Figure 3-8 is put
together showing the standards most frequently violated in descending order from left to right. The
frequencies of citations are labeled within the center of each column for each type of violation.
These top five standards with their general description of the “Subpart name” from the MSHA‟s 30
CFR are shown below in the table under the graph for describing the Type Violation.
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Penalty ($)

Top 5 Penalized Citations from 2006-2008 in Underground
Anthracite Mines
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Figure 3-8: The Top 5 Penalized Citations from 2006 to 2008 in Underground Anthracite Mines with Number
of Violations and the Associated Total Penalty (dollars).

Table 3-14: Data Table from Figure 3-7 showing Type Violations, Penalty ($), and Frequency.

Similarly to underground bituminous, Table 3-14 shows that ventilation citations again were
the main contributor penalties given from 2006 to 2008, basically any citation given under
subchapter O – Coal Mine Safety and health in MSHA‟s 30 CFR, in Subpart D, Ventilation. For
example, any standard violated from 75.300 (scope) to 75.389 (mining into inaccessible areas), is
included in “Ventilation” in Table 3-14. The same suit follows for the rest of the “Type Violations”
in the table listed. As mentioned before the standards are represented by the frequency of citations
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given in descending order from left or right from Ventilation having a frequency of citations of 180
times in three years to Maps having only 7 citations over the three years.
The total cost of just these top five standards has contributed a total of $356,979 to
underground anthracite mines in only three years time. Looking at the whole scope of the research,
including all citations from 2006 to 2008 in underground anthracite mines, a total of $395,241 was
spent on penalties. The top five alone from Table 3-14 contribute to 90.3% of the total penalties,
which is fairly significant.
Figure 3-9 and Figure 3-10 below show the frequency of citations and the penalties
associated with the citations for the top five citations from 2006 to 2008 for underground anthracite
mines. Figure 3-9 illustrates that not all citation frequency followed the same trend. Roof support
violations had a continuous increase in citations, while miscellaneous citations had a continuous
decrease in citations. Other citations fluctuated from increasing from 2006 to 2007, then decreasing
slightly from 2007 to 2008. Figure 3-10 exhibits for the top two, ventilation and roof support, there
was an enormous increase in penalties from 2006 to 2007. However not all citations followed the
same suit. The only trend applicable to these citations is a definite increase in penalties from 2006 to
2007. After 2007 penalties decreased for all but roof support (Figure 3-10).
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Frequency of Citations for the Top 5 Citations per Y ear for
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Figure 3-9: Frequency of Citations for the Top 5 Citations in Underground Anthracite Mines from 2006 to
2008.
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Penalties for the Top 5 Citations per Year for Underground
Anthracite Mines
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Figure 3-10: Penalty Value (dollars) per Year for the Top 5 Citations in Underground Anthracite Mines from
2006 to 2008.
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SURFACE COAL MINES

Introduction
In Pennsylvania a total of 216 surface bituminous and anthracite mines operated in 2006,
followed by 214 in 2007 and 215 in 2008, producing 12.2, 11.5, and 12.1 million tons of coal,
respectively (Figure 3-11). All these surface mines represent approximately 18 percent, of the total
amount of coal produced in Pennsylvania‟s surface mines from 2006 to 2008.

Surface Coal Mines and Production from 2006 - 2008
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Figure 3-11: Number of Surface Coal Mines and Their Production from 2006 to 2008.

Frequency and Consequence of Major Violations
The results of the surface anthracite and bituminous mines indicate that a total of 814
citations were issued for surface mines in Pennsylvania in 2006 with a total penalty of $187,757.
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Table 3-15 shows the top 50 cited standards, according to penalties (dollars) issued for citations. The
frequency of occurrence of these standards is also presented. The standards are sorted by numerical
order. These 50 standards accounted for a total of 747 citations or 91.7% of all standards cited and
additionally, $182,729 or 97.3% of the total penalty value for Pennsylvania‟s surface mines in 2006.
In 2007, the total penalty for surface bituminous and anthracite mines nearly more than
doubled to $463,142, with a total of 851 citations issued. Table 3-16 shows the top 50 cited
standards, according to penalties (dollars) issued for citations. The standards are sorted by numerical
order. Again, the frequency of occurrence of these standards is also presented. From these 50
standards for 2007, there were a total of 790 citations or 92.8% of all standards cited and $457,064
or 98.6% of the total penalty costs for Pennsylvania‟s surface bituminous and anthracite mines in
2007.
For 2008, the total penalty slightly declined to $432,996, while the total amount of citations
increased to 1,027 for surface bituminous and anthracite mines in Pennsylvania. Table 3-17 shows
the top 50 cited standards, according to penalties (dollars) issued for citations. The frequency of
occurrence of these standards is also presented. The standards are sorted by numerical order. These
50 standards accounted for a total of 915 citations or 89.1% of all the standards cited and $418,090
or 96.5% of the total penalty value for Pennsylvania‟s surface bituminous and anthracite mines in
2008.
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Table 3-15: Frequency and Consequence of Top 50 Standards in 2006 for Surface Coal Mines.
Standard

48.23
48.25
48.26
48.28
48.29
48.31
50.20
50.30
62.130
71.208
71.403
71.500
71.600
72.620
77.204
77.205
77.208
77.400
77.403-ag
77.404
77.409
77.410
77.412
77.502
77.502-2
77.505
77.512
77.516
77.900
77.901
77.902
77.1000
77.1001
77.1003
77.1004
77.1102
77.1103
77.1104
77.1109
77.1110
77.1504
77.1505
77.1605
77.1606
77.1607
77.1608
77.1700
77.1707

Description
Training plans; time of submission; where filed; information required; time for
approval; method for disapproval; commencement of training; approval of
instructors.
Training of new miners; minimum courses of instruction; hours of instruction.
Experienced miner training.
Annual refresher training of miners; minimum courses of instruction; hours of
instruction.
Records of training.
Hazard training.
Preparation and submission of MSHA Report Form 7000-1--Mine Accident,
Injury, and Illness Report.
Preparation and submission of MSHA Form 7000-2--Quarterly Employment
and Coal Production Report.
Permissible exposure level
Bimonthly sampling; designated work positions.
Waiver of surface facilities requirements; posting of waiver.
Sanitary toilet facilities at surface worksites; approved sanitary toilets;
installation requirements.
Drinking water; general.
Drill dust control at surface mines and surface areas of underground mines.
Openings in surface installations; safeguards.
Travelways at surface installations.
Storage of materials.
Mechanical equipment guards.
Mobile equipment; rollover protective structures (ROPS).
Machinery and equipment; operation and maintenance.
Shovels, draglines, and tractors.
Mobile equipment; automatic warning devices.
Compressed air systems.
Electric equipment; examination, testing, and maintenance.
Electric equipment; frequency of examination and testing.
Cable fittings; suitability.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.
Low- and medium-voltage circuits serving portable or mobile three-phase
alternating current equipment; circuit breakers.
Protection of low- and medium-voltage three-phase circuits.
Low- and medium-voltage ground check monitor circuits.
Highwalls, pits and spoil banks; plans.
Stripping; loose material.
Benches.
Ground control; inspection and maintenance; general.
Warning signs; smoking and open flame.
Flammable liquids; storage.
Accumulations of combustible materials.
Quantity and location of firefighting equipment.
Examination and maintenance of firefighting equipment.
Auger equipment; operation.
Auger holes; blocking.
LOADING AND HAULAGE EQUIPMENT; INSTALLATIONS.
Loading and haulage equipment; inspection and maintenance.
Loading and haulage equipment; operation.
Dumping facilities.
Communications in work areas.
First aid equipment; location; minimum requirements.

Frequency
(citations/year)

Consequence
($/year)

4
2
6

380
1,200
1,064

7
5
9

958
300
1,808

4

240

12
4
15
12

720
240
1,165
720

4
4
4
6
29
22
66
5
43
8
69
3
20
10
6
7
13

240
240
703
662
2,941
1,591
8,520
1,667
30,848
729
6,584
267
1,647
664
554
590
1,350

2
2
2
12
4
1
3
6
4
45
17
42
1
4
112
40
8
2
2
9

508
508
508
3,413
2,103
1,100
2,483
360
264
8,541
1,020
3,066
2,500
455
39,415
13,178
654
2,076
298
564

52
77.1710
77.1713

Protective clothing; requirements.
Daily inspection of surface coal mine; certified person; reports of inspection.
Total:

13
17
747

29,088
2,035
$182,729
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Table 3-16: Frequency and Consequence of Top 50 Standards in 2007 for Surface Coal Mines.
Standard
47.31
48.25
48.26
48.27
48.28
48.29
48.31
50.20
50.30
62.130
71.208
71.400
71.403
72.620
77.203
77.204
77.205
77.206
77.207
77.208
77.210
77.400
77.402
77.404
77.405
77.409
77.410
77.502
77.502-2
77.505
77.512
77.516
77.904
77.1000
77.1000-1
77.1001
77.1004
77.1006
77.1102
77.1103
77.1104
77.1109
77.1110
77.1600
77.1605
77.1606
77.1607
77.1707
77.1710
77.1713

Description
Requirement for a HazCom program.
Training of new miners; minimum courses of instruction; hours of instruction.
Experienced miner training.
Training of miners assigned to a task in which they have had no previous
experience; minimum courses of instruction.
Annual refresher training of miners; minimum courses of instruction; hours of
instruction.
Records of training.
Hazard training.
Preparation and submission of MSHA Report Form 7000-1--Mine Accident,
Injury, and Illness Report.
Preparation and submission of MSHA Form 7000-2--Quarterly Employment
and Coal Production Report.
Permissible exposure level.
Bimonthly sampling; designated work positions.
Bathing facilities; change rooms; sanitary flush toilet facilities.
Waiver of surface facilities requirements; posting of waiver.
Drill dust control at surface mines and surface areas of underground mines.
Use of material or equipment overhead; safeguards.
Openings in surface installations; safeguards.
Travelways at surface installations.
Ladders; construction; installation and maintenance.
Illumination.
Storage of materials.
Hoisting of materials.
Mechanical equipment guards.
Hand-held power tools; safety devices.
MACHINERY AND EQUIPMENT; OPERATION AND MAINTENANCE.
Performing work from a raised position; safeguards.
Shovels, draglines, and tractors.
Mobile equipment; automatic warning devices.
Electrical equipment; examination, testing, and maintenance.
Electric equipment; frequency of examination and testing.
Cable fittings; suitability.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.
Identification of circuit breakers.
HIGHWALLS, PITS AND SPOIL BANKS; PLANS.
Filing of plan.
Stripping; loose material.
Ground control; inspection and maintenance; general.
Highwalls; men working.
Warning signs; smoking and open flame.
Flammable liquids; storage.
Accumulations of combustible materials.
Quantity and location of firefighting equipment.
Examination and maintenance of firefighting equipment.
Loading and haulage; general.
LOADING AND HAULAGE EQUIPMENT; INSTALLATIONS.
Loading and haulage equipment; inspection and maintenance.
Loading and haulage equipment; operation.
First aid equipment; location; minimum requirements.
Protective clothing; requirements.
Daily inspection of surface coal mine; certified person; reports of inspection.
Total:

Frequency
(citations/year)
5
2
6

Consequence
($/year)
500
382
1,744

2

5,303

9
5
19

2,043
420
3,282

6

440

5
9
17
8
7
2
1
4
31
3
6
18
4
64
9
55
3
4
76
17
9
7
11
15
2
22
4
6
6
1
9
11
24
17
39
4
115
37
12
10
17
15
790

380
1,300
2,939
800
500
2,560
1,111
1,336
3,909
398
670
3,267
1,331
19,578
1,390
24,126
1,025
1,084
13,616
3,879
780
642
2,234
1,100
867
142,880
377
13,918
19,393
5,645
740
4,225
25,130
1,540
3,243
395
29,860
14,737
4,531
960
18,645
65,909
$457,064
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Table 3-17: Frequency and Consequence of Top 50 Standards in 2008 for Surface Coal Mines.
Standard
48.25
48.26
48.27
48.28
48.29
48.31
50.30
62.120
62.130
71.101
71.208
71.220
71.400
71.403
77.200
77.202
77.205
77.207
77.208
77.400
77.402
77.403-1
77.404
77.405
77.409
77.410
77.501
77.502
77.502-2
77.505
77.506
77.516
77.1000
77.1001
77.1004
77.1006
77.1007
77.107
77.1104
77.1109
77.1110
77.1503
77.1600
77.1605
77.1606
77.1607
77.1608
77.1706
77.1710
77.1713

Description
Training of new miners; minimum courses of instruction; hours of instruction.
Experienced miner training.
Training of miners assigned to a task in which they have had no previous
experience; minimum courses of instruction.
Annual refresher training of miners; minimum courses of instruction; hours of
instruction.
Records of training.
Hazard training.
Preparation and submission of MSHA Form 7000-2--Quarterly Employment
and Coal Production Report.
Action level
Permissible exposure level
Respirable dust standard when quartz is present.
Bimonthly sampling; designated work positions.
Status change reports.
Bathing facilities; change rooms; sanitary flush toilet facilities.
Waiver of surface facilities requirements; posting of waiver.
Surface installations; general.
Dust accumulations in surface installations.
Travelways at surface installations.
Illumination.
Storage of materials.
Mechanical equipment guards.
Hand-held power tools; safety devices.
Mobile equipment; rollover protective structures (ROPS).
MACHINERY AND EQUIPMENT; OPERATION AND MAINTENANCE.
Performing work from a raised position; safeguards.
Shovels, draglines, and tractors.
Mobile equipment; automatic warning devices.
Electric distribution circuits and equipment; repair.
Electric equipment; examination, testing, and maintenance.
Electric equipment; frequency of examination and testing.
Cable fittings; suitability.
Electric equipment and circuits; overload and short-circuit protection.
Electric wiring and equipment; installation and maintenance.
HIGHWALLS, PITS AND SPOIL BANKS; PLANS.
Stripping; loose material.
Ground control; inspection and maintenance; general.
Highwalls; men working.
Drilling; general.
Training programs.
Accumulations of combustible materials.
Quantity and location of firefighting equipment.
Examination and maintenance of firefighting equipment.
Augering equipment; overhead protection.
Loading and haulage; general.
LOADING AND HAULAGE EQUIPMENT; INSTALLATIONS.
Loading and haulage equipment; inspection and maintenance.
Loading and haulage equipment; operation.
Dumping facilities.
First aid training program; minimum requirements.
Protective clothing; requirements.
Daily inspection of surface coal mine; certified person; reports of inspection.
Total:

Frequency
(citations/year)
12
7

Consequence
($/year)
6,860
3,636

3

12,285

5
4
15

2,585
1,604
4,281

39
8
10
2
24
5
12
11
6
5
27
7
27
44
6
5
78
2
10
67
1
34
11
20
5
13
46
15
9
3
1
1
29
9
36
1
5
100
67
15
2
1
17
33
915

3,830
890
1,008
874
2,663
913
1,324
1,100
976
5,507
5,489
1,245
5,492
11,446
1,827
2,467
31,130
2,540
2,320
15,782
4,000
42,495
10,176
2,697
2,606
2,948
78,245
13,030
9,837
6,381
5,503
2,000
5,091
1,007
3,650
3,700
843
29,376
11,665
5,845
1,666
946
3,205
41,104
$418,090
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Analyzing the data for these three years, it can be observed that the frequency of citations
increased slightly from 814 in 2006, to 851 in 2007, and then 1,027 in 2008 (Figure 3-12). Penalties
for violations of standards have more than doubled from $187,757 in 2006 to $463,142 in 2007 and
then slightly decreased to $432,996 in 2008. This increase now represents a significant cost to mines.
It is interesting to note that there were more citations given in 2008, but the total penalty value was
less.

Citations vs. Penalties per Year for Surface Coal Mines
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Figure 3-12: Number of Citations verses Penalties (dollars) per Year for Surface Coal Mines.

Quantitative Risk Assessment
The completed risk assessment matrices for 2006, 2007, and 2008 are shown in Tables 3-18,
3-19, and 3-20 respectively. They are based on the generic risk matrix shown in Table 2-3.
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A total of one standards were classified as “very high” in the frequency category for 2006,
two as “high,” six as “moderate,” nine as “low,” and 32 as “very low” (Table 3-18). There were no
standards classified as “very high cost” in the consequence category, but three as “high cost,” one as
“moderate cost,” three as “low cost,” and 43 as “very low cost.”
A total of 112 citations were issued by MSHA for the standard 77.1605 – “Loading and
haulage equipment; installations.” with a total penalty of $39,415. The second most cited standard
was standard 77.410 – “Mobile equipment; automatic warning devices.” There were a total of 69
citations issued for this standard with a total penalty of $6,584. However, the second highest cited
standard in terms of penalty value or consequence ($30,848) was Standard 77.404 – “Machinery and
equipment; operation and maintenance”, with a total of 43 violations.
Based on the data summarized in Table 3-15 and the results presented in Table 3-18, one
standard was placed in the “Very High Risk” category, five standards in the “High Risk” category,
one in the “Moderate Risk” category and the remaining 43 standards were placed in the “Very Low
Risk” category.
For 2007, there were a total of one standards were classified as “very high” in the frequency
category, three as “high,” three as “moderate,” 12 as “low,” and 31 as “very low” (Table 3-19). Two
standards were classified as “very high cost” in the consequence category, three as “high cost,” six
as “moderate cost,” two as “low cost,” and 37 as “very low cost.”
The highest consequence for 2007 was $142,880 for the standard 77.1000 - “Highwalls, pits
and spoil banks; plans.” with a total of 22 citations issued by MSHA. However the most cited
standard was standard 77.1605 – “Loading and haulage equipment; installations.” There were a total
of 115 citations issued for this standard with a total penalty of $29,860. Conversely, the second
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highest cited standard in terms of penalty value or consequence ($65,909) was Standard 77.1713 –
“Daily inspection of surface coal mine; certified person; reports of inspection”, with a total of only
15 violations.
Based on the data summarized in Table 3-16 and the results presented in Table 3-19, two
standards was placed in the “Very High Risk” category, six standards in the “High Risk” category,
one in the “Moderate Risk” category and 41 standards were placed in the “Very Low Risk” category.

Table 3-18: Matrix for Quantitative Risk Assessment for each Standard Violated in 2006 for Surface Coal
Mines.
Consequences/
Cost

>$50,000
(very high cost)

Frequency
> 100 per year
(very high)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

> $5,000 but ≤
$10,000
(low cost)

77.1605

> 50 per year; ≤ 100
per year (high)

77.400; 77.410

> 20 per year; ≤ 50
per year (moderate)

77.404

> 10 per year; ≤ 20
per year (low)

77.1710

77.1606

77.1104

77.1110; 77.205; 77.208

77.1000; 77.1713; 77.502;
71.208; 77.516; 77.1109;
50.30; 71.403
77.1504; 77.1004;
77.1001; 77.1608; 48.31;
77.403-ag; 48.25;
77.1003; 48.26; 48.28;
77.409; 72.620; 77.502-2;
77.204; 77.1607; 77.512;
77.1707; 77.505; 77.900;
77.901; 77.902; 77.1505;
48.23; 77.1102; 48.29;
77.1700; 77.412; 77.1103;
50.20; 62.130; 71.500;
71.600

≤ 10 per year
(very low)

VERY HIGH RISK (VHR)

≤ $5,000
(very low cost)

High Risk (HR)

Moderate Risk (MR)

Low Risk (LR)
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Table 3-19: Matrix for Quantitative Risk Assessment for each Standard Violated in 2007 for Surface Coal
Mines.
Consequences/
Cost

>$50,000
(very high cost)

Frequency

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

> $5,000 but ≤
$10,000
(low cost)

≤ $5,000
(very low cost)

> 100 per year
(very high)

77.1605

> 50 per year; ≤ 100
per year (high)

77.404

77.400; 77.410

77.1104

77.1606

77.205; 77.1110

77.1710

77.1607; 77.1103;
77.502; 48.31; 71.208;
77.512; 77.1109;
77.516
77.208; 72.620; 48.28;
48.26; 77.402; 77.204;
77.210; 62.130; 77.203;
77.409; 77.405;
77.1707; 77.904;
71.400; 77.502-2;
77.1102; 77.207;
77.505; 47.31; 71.403;
50.20; 48.29; 77.206;
77.1600; 48.25; 50.30;
77.1000-1

> 20 per year; ≤ 50
per year (moderate)
> 10 per year; ≤ 20
per year (low)

77.1000

77.1713

77.1004; 77.1001

≤ 10 per year
(very low)

VERY HIGH RISK (VHR)

High Risk (HR)

77.1006; 48.27

Moderate Risk (MR)

Low Risk (LR)

There were no standards classified as “very high” in the frequency category for 2008, five as
“high,” nine as “moderate,” ten as “low,” and 26 as “very low” (Table 3-20). One standard was
classified as “very high cost” in the consequence category, four as “high cost,” six as “moderate
cost,” nine as “low cost,” and 30 as “very low cost.”
A total of 46 citations were issued by MSHA for the standard 77.1000 – “Highwalls, pits and
spoil banks; plans.” with a total penalty of $78,245. On the contrary, most cited standard was
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standard 77.1605 – “Loading and haulage equipment; installations.” There were a total of 100
citations issued for this standard with a total penalty of $29,376. However, the second highest cited
standard in terms of penalty value or consequence ($42,495) was Standard 77.502 – “Electric
equipment; examination, testing, and maintenance”, with a total of 34 violations.
Based on the data summarized in Table 3-17 and the results presented in Table 3-20, three
standards were placed in the “Very High Risk” category, five standards in the “High Risk” category,
seven in the “Moderate Risk” category and the remaining 35 standards were placed in the “Very
Low Risk” category.

Table 3-20: Matrix for Quantitative Risk Assessment for each Standard Violated in 2008 for Surface Coal
Mines.
Consequences/
Cost

>$50,000
(very high cost)

Frequency

> $5,000 but ≤
$10,000
(low cost)

> $20,00
but ≤ $50,000
(high cost)

> $10,000 but
≤ 20,000
(moderate cost)

77.404; 77.1605

77.410; 77.1606

77.502; 77.1713

77.400

77.1104; 77.208;
77.205

50.30; 77.1110; 71.208

77.1001;
77.502-2

48.25; 77.1607

48.31; 77.1710; 77.516;
77.505; 71.400; 71.403

≤ $5,000
(very low cost)

> 100 per year
(very high)
> 50 per year; ≤ 100
per year (high)
> 20 per year; ≤ 50
per year (moderate)

77.1000

> 10 per year; ≤ 20
per year (low)

≤ 10 per year
(very low)

VERY HIGH RISK (VHR)

48.27

High Risk (HR)

77.1004;
77.1006; 77.202;
77.1007

Moderate Risk (MR)

77.501; 77.1503; 48.26;
77.506; 48.28; 77.405;
77.403-1; 77.409;
77.107; 77.402; 77.1608;
48.29; 77.207; 62.130;
77.1109; 77.200;
77.1706; 71.220; 62.120;
71.101; 77.1600

Low Risk (LR)
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Top Penalized Citations from 2006 - 2008
The top 50 standards mentioned in tables 3-15, 3-16, and 3-17 are analyzed for all three years
from 2006 to 2008. Figure 3-11 gives an overall picture of the top five standards that have frequently
been cited, contributing a large amount of penalties to surface mines. Figure 3-13 is put together
showing the standards most frequently violated in descending order from left to right. Figure 3-13
also shows these top five standards with their general description of the “Subpart name” from the
MSHA‟s 30 CFR, for Type Violation. Table 3-21 below the graph displays the data.

Penalty ($)

Top 5 Penalized Citations from 2006-2008 in Surface Coal
Mines
350,000
300,000
250,000
200,000
150,000
100,000
50,000
0

121
617

519

199

134

Penalty ($)

Type Violation

Figure 3-13: The Top 5 Penalized Citations from 2006 to 2008 in Surface Coal Mines with Number of
Violations and the Associated Total Penalty (dollars).
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Table 3-21: Data Table from Figure 3-11 showing Type Violation, Penalty ($), and Frequency.

Table 3-21 shows that Safeguards for Mechanical Equipment had the most citations, while
Ground Control citations were the main contributor for penalties given from 2006 to 2008. The
violations listed are groups of citations given under a certain subchapter. For example, Safeguards
for Mechanical Equipment is under subchapter O – Coal Mine Safety and health in MSHA‟s 30
CFR, in Subpart E, Safeguards for Mechanical Equipment. In this case, any standard violated from
75.400 (mechanical equipment guards) to 75.413 (boilers), is included in “Safeguards for
Mechanical Equipment” in Table 3-21. The same suit follows for the rest of the “Type Violations”
in the table listed. The standards are represented by the frequency of citations given in descending
order from left or right from Safeguards for Mechanical Equipment having a frequency of citations
of 617 times in three years to Ground Control having 121 citations over the three years.
The total cost of just these top five standards has contributed a total of $873,198 to surface
coal mines in only three years time. Considering the whole extent of the research, including all
citations from 2006 to 2008 (including citations not given in the top 50 in tables 3-15, 3-16 and 317) in surface coalmines, a total of $1,083,895 was spent on penalties. The top five alone from
Table 3-21 contribute to 80.5% of the total penalties.
Below is a graph of the top five citations from surface mines showing their frequency of
citations and their penalty costs from 2006 to 2008 (Figure 3-14 and 3-15). Citations frequency
shows a trend of a steady increase from 2006 to 2008 (Figure 3-14). Looking at the penalties in
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Figure 3-15, all but loading and haulage citations penalty costs increased from 2006 to 2007.
Interesting to note, from 2007 to 2008 there was a decrease in penalties for both miscellaneous and
ground control, while looking at Figure 3-14, the citations continued to rise.

Number of Citations

Frequency of Citations for the Top 5 Citations per Year for
Surface Coal Mines
250
200
150
100
50

0

2006
2007
2008

Type Violation

Figure 3-14: Frequency of Citations for the Top 5 Citations in Surface Coal Mines from 2006 to 2008.
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Penalty ($)

Penalties for the Top 5 Citations per Year for Surface Coal Mines
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Figure 3-15: Penalty Value (dollars) per Year for the Top 5 Citations in Surface Coal Mines from 2006 to
2008.

Chapter 4
RESULTS AND DISCUSSION

Results of Mines

Underground Bituminous
There is a significant increase of penalties in underground bituminous coal mines from 2006
to 2008 (Figure 4-1). Penalties nearly more than tripled from $545,312 in 2006 to $1,735,806 in
2007. Even more astounding is that the penalties in 2007 were almost tripled yet again in 2008 with
a total of $4,508,021. Citations in 2006 decreased from 3,006 to 1,887 citations in 2007; however, in
2008 there is an abrupt rise in frequency of citations to 4,082, which is almost more than doubled
from 2007. For the three years of 2006, 2007, and 2008, a grand total of $6,789,139 was spent on
violation of standards, with a total frequency of 8,975 citations given. These increases in both
frequency of citations and penalties are a significant cost to mine operators.
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Figure 4-1: Penalty ($) and Frequency of Citations for Underground Bituminous Mines from 2006 to 2008,
with Three Year Total.

Top Five Groups of Major Penalties
The five major groups of citations associated with penalties that are noteworthy are
Ventilation, Combustible Materials and Rock Dusting, Electrical Equipment-General, Roof Support,
and Miscellaneous (Table 4-1). Miscellaneous in these standards cited consisted of six specific
violations: (i) Identification check system; (ii) Self-rescue devices; inspection, testing, maintenance,
repair, and recordkeeping; (iii) Multi-gas detectors; (iv) Protective clothing requirements; (v)
Mechanical equipment guards; and (vi) Machinery and equipment; operation and maintenance.
These are main contributors to the underground bituminous mines, with Ventilation violations
having the most. Ventilation citations were cited 1,531 times throughout a three year period from
2006 to 2008, with a total penalty of $2,163,452 associated with these citations. These five types of
violations contribute a total of $5,275,969 to underground bituminous mines in three years, which
accounts for 77.7% of the total amount of penalties for all three years.
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Table 4-1: Top Five Major Groups of Violations with total Penalty ($) and Frequency of Citations in
Underground Bituminous Mines.
Type Violation
Ventilation
Combustible Materials and Rock Dusting
Roof Support
Electrical Equipment-General
Miscellaneous

Penalty ($) Frequency
2,163,452
1,531
1,272,983
1,105
724,481
614
574,231
1,118
540,823
643

For underground bituminous coal mines from 2006 to 2008 there is a trend of increasing
penalty values (dollars) for each year for the top five grouped violations cited. This continuous
increase in penalties (dollars) from 2006 to 2007 and then again from 2007 to 2008, show that cited
violation‟s penalties are on the rise for mine operators (Figure 4-2). Highlighted in Figure 4-2 are the
top two groups of penalized violations; (i) ventilation and (ii) combustible materials and rock
dusting. The two groups are magnified to illustrate the amount of increase within these groups.
Clearly it is shown that there is a drastic increase in penalties for these cited violations. Ventilation
citations have a total of 1,606% increase in penalties from 2006 to 2008, while accumulation of
combustible materials citations have a 989% increase in penalties from 2006 to 2008.
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Penalty ($)

Penalties for the Top 5 Citations per Year in
Underground Bituminous Mines
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Figure 4-2: Yearly Increase of Penalties for Most Penalized Citations per Year in Underground Bituminous
Mines.
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Very High Risk Standards
Standards that fell into the “Very High Risk” are located in the left-upper corner of the
matrix (red) are shown in Tables 3-4, 3-5, and 3-6. There were 7 standards that occurred in the
“Very High Risk” category for all three years from 2006 to 2008. These standards are listed below in
Table 4-2 with their proper description. These seven standards give proof as to why they should be a
carefully monitored and controlled; being that over the past three years they have been the ranked as
“Very High Risk” standards that have been cited in underground bituminous coal mines.

Table 4-2: Standards that are ranked as “Very High Risk” in Underground Bituminous Mines.
Standard
75.400
75.220
75.202
75.517
75.503
75.333
75.370

Description
Accumulation of combustible materials.
Roof control plan.
Protection from falls of roof, face and ribs.
Power wires and cables; insulation and protection.
Permissible electric face equipment; maintenance.
Ventilation controls.
Mine ventilation plan; submission and approval.
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Underground Anthracite
In Figure 4-3, underground anthracite coal mines citations in 2006 to 2007 almost doubled,
from 143 to 219. However, penalties in 2006 at $16,914 increased almost more than twelve times the
amount to $208,511 in 2007. By 2008 citations slightly increased to 227, but penalties slightly
decreased to $169,816. For the three years of 2006, 2007, and 2008, a grand total of $395,241 was
spent on violation of standards, with a total frequency of 589 citations given. These increases in both
frequency of citations and penalties are yet again a significant cost to mine operators.
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Figure 4-3: Penalty ($) and Frequency of Citations for Underground Anthracite Mines from 2006 to 2008,
with Three Year Total.

Top Five Groups of Major Penalties
The five major citations for underground anthracite mines that are worth noting are Roof
Support, Ventilation, Miscellaneous, Surface Installations, and Maps (Table 4-3). Miscellaneous in
these standards cited consisted of ten specific violations: (i)Smoking; prohibition; (ii) First-aid
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training; supervisory employees; (iii) First-aid equipment; location; minimum requirements; (iv)
Self-rescue devices; use and location requirements; (v) Mining machines, cap lamps; requirements;
(vi) Identification check system; (vii) Protective clothing; requirements; (viii) Mechanical equipment
guards; (ix) Machinery and equipment; operation and maintenance; (x) compressed air; general;
compressed air systems. These are main contributors to the underground anthracite mines, with Roof
Support violations having the highest penalty of $211,583 and Ventilation citations being cited most
frequently with 180 citations throughout a three year period from 2006 to 2008. These five types of
violations contribute a total of $356,979 to underground anthracite mines in three years, which
accounts for almost all; 90.3% of the total amount of penalties for all three years.

Table 4-3: Top Five Major Groups of Violations with total Penalty ($) and Frequency of Citations in
Underground Anthracite Mines.
Type Violation
Roof Support
Ventilation
Miscellaneous
Surface Installations
Maps

Penalty ($) Frequency
211,583
55
127,629
180
6,660
32
6,037
19
5,070
7

For the top five violations there is a huge increase in penalties from 2006 to 2007 for the top
two; Ventilation and Roof Support. Roof Support violations continued to rise from 2007 to 2008,
while other violations somewhat decreased from 2007 to 2008, with the exception of Miscellaneous
violations. Highlighted in Figure 4-4 are the top two groups of penalized violations; (i) ventilation
and (ii) roof support. The two groups are magnified to illustrate the amount of increase within these
groups for underground anthracite mines. Plainly it is shown that there is an increase in penalties for
ventilations citations. From 2006 to 2007, ventilation citations increased from $5,720 to $79,298, for
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a 1,286% increase in fines. However, these penalties decreased to $42,611 in 2008, for a 46%
decrease. Overall, the average percent increase for ventilation citations from 2006 to 2008 was
965%. However roof support citations had an astounding increase in penalties from $2,234 in 2006
to $99,736 in 2007, then again in 2008 where they rose to $109,613. In total, these penalties show a
4,806% increase from 2006 to 2008.
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Figure 4-4: Yearly Increase of Penalties for Most Penalized Citations per Year in Underground Anthracite
Mines.
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Very High Risk Standards
Following the pre-established matrices, no standards fell into the “Very High Risk” category
in underground anthracite mines (Tables 3-11, 3-12, and 3-13). It was only in Table 3-12, for the
year 2007, where the standard 75.220 – Roof control plan; was classified as “High Risk”. Few other
standards from 2006 to 2008 were classified as “Low Risk”, while the majority of them were in the
“Very Low Risk” category.
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Surface Coal Mines
For surface coal mines, which encompass both anthracite and bituminous coal, there is a
similar trend to that of underground anthracite (Figure 4-5). Frequency of citations gradually rose
from 814, in 2006, to 851 in 2007, and to 1,027 in 2008. Penalties associated with these citations
more than doubled from $187,757 in 2006 to $463,142 in 2007 and then somewhat decreased to
$432,996 in 2008. For the three years of 2006, 2007, and 2008, a grand total of $1,083,895 was
spent on violation of standards, with a total frequency of 2,692 citations given. The increases in both
frequency of citations and penalties represent a considerable cost to mine operators.
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Figure 4-5: Penalty ($) and Frequency of Citations for Surface Coal Mines from 2006 to 2008, with Three
Year Total.

Top Five Groups of Major Penalties
The five major citations given that had the most contribution to the penalties are Ground
Control, Safeguards for Mechanical Equipment, Miscellaneous, Loading and Haulage, and Electrical
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Equipment-General (Table 4-4). Miscellaneous in these standards cited consisted of five specific
violations: (i) Communications in work area; (ii) First aid training program; minimum requirements;
(iii) First aid equipment; location; minimum requirements; (iv) Protective clothing requirements; and
(v) Daily inspection of surface coal mine; certified person; reports of inspection. These are main
contributors to surface coal mines, with Ground Control violations having the highest penalty of
$300,895. However Safeguards for Mechanical Equipment violations were the most frequently cited
having 617 citations throughout a three year period from 2006 to 2008. These five types of
violations contribute a total of $873,198 to surface coal mines in three years, which accounts for
80.5% of the total amount of penalties for all three years.

Table 4-4: Top Five Major Groups of Violations with total Penalty ($) and Frequency of Citations in Surface
Coal Mines.
Type Violation
Ground Control
Safeguards for Mechanical Equipment
Miscellaneous
Loading and Haulage
Electrical Equipment--General

Penalty ($) Frequency
300,895
121
176,946
617
162,754
134
154,241
519
78,362
199

For surface coal mines from 2006 to 2008 all violations, with exception of Loading and
Haulage, increased from 2006 to 2007. From 2007 to 2008, Safeguards for Mechanical Equipment
and Electrical Equipment-General violations rose again, while Miscellaneous and Ground Control
violations decreased. Loading and Haulage citations were the only group that had a general decrease
of penalties from 2006 to 2008. In Figure 4-6 the top two groups of penalized violations are
emphasized to show the percent increase in fines throughout the three years in surface coal mines; (i)
safeguards for mechanical equipment and (ii) electrical equipment-general. From 2006 to 2008 there
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is a 38% increase in penalties for safeguards for mechanical equipment citations. Similarly, a for
electrical equipment citations there is an increase of 1,252% for penalties from 2006 to 2008.
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Figure 4-6: Yearly Increase of Penalties for Most Penalized Citations per Year in Surface Coal Mines.
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Very High Risk Standards
There are three standards that are categorized as “Very High Risk” in surface coal mines
(Tables 3-18, 3-19, and 3-20). There one standard, 77.1605 – Loading and haulage equipment;
installations, occurred in the “Very High Risk” category for all three years from 2006 to 2008. The
two standards, (i) 77.1000 - Highwalls, pits and spoil banks; plans and (ii) 77.404 – Machinery and
equipment; operation and maintenance; are within the “Very High Risk” category for the years 2007
and 2008. These standards are listed below in Table 4-5 with their proper description.

Table 4-5: Standards that are ranked as “Very High Risk” in Surface Coal Mines.
Standard
77.1605
77.1000
77.404

Description
Loading and haulage equipment; installations.
Highwalls, pits and spoil banks; plans.
Machinery and equipment; operation and maintenance.

Discussion
From this study on coal mines in Pennsylvania from 2006 to 2008, analysis suggests
increasing penalties for citations issued. Specifically underground bituminous mines where in 2006
there were more citations written (3,006 citations) and $545,312 as consequence or penalty, while in
2007, citation frequency dropped (1,887 citations) but penalties rose to $1,735,806. By 2008, both
citation frequency and their associated penalties have risen nearly triple to (4,082 citations) with
$4,508,021 as their consequence. Basically, from 2006 to 2008 there was a 726% increase in
penalties. For underground bituminous mines, these three year comparisons give evidence of an
increasing trend for citation frequency and most certainly, the consequence or penalty (dollars) that
is associated with them.
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Underground anthracite mines exhibit that there is a similar pattern with increasing citations
and penalties from 2006 to 2008. Particularly from 2006 to 2007, the penalties associated with
citations rose from $16,914 to $ 208,511. In 2008, penalties slightly came down to $169,816.
However, citation frequency from 2006 to 2008 rose from 143 citations in 2006 to 219 in 2007 and
227 in 2008. From 2006 to 2007, citation frequency rose 53%, while the penalties for these citations
had an increase of 1,132%. This is quite a surprising increase for just one year considering the
significant difference comparing citation frequency to their consequences (dollars).
Similar to underground anthracite mines, surface coal mines in Pennsylvania follow a similar
pattern. Surface coal mines citation frequency gradually increases from 2006 to 2008, from, 814,
851, and 1,027, respectively. While in 2006, penalties rise from $187,757, to $463,142 in 2007. In
2008, penalties remained sort of steady, only slightly decreasing to $432,142. The rise in penalties
from 2006 to 2007 constitutes for a 146% increase.
Ample evidence from this study proposes a continued increase of citations and violations
within the coal mines in Pennsylvania. Specifically, underground bituminous coal mines.
Underground bituminous mines show the strongest trend of increasing citation frequency and
penalties rising. Whereas, underground anthracite and surface coal mines similar show a strong
increasing trend in penalties after 2006, but exhibit a steadier behavior from 2007 to 2008.
Most importantly, I would like to stress that the standards cited, are cited initially because
they pose as major hazard-related threats. Some of the standards are categorized as “Very High
Risk” as mentioned earlier in this chapter. The standards that do pose as major hazards are of “Very
High Risk”. The penalties issued by inspectors are given to a degree in which they see fit at the time.
Simply put, the higher the penalty (dollars), the more dangerous the hazard. For example, a citation
of $2,000 would not be issued for a standard of violation that was trivial. High penalties are issued
when there is a potential for major-hazard related events to occur. Whether it be an accident or just
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the safety standards are jeopardized. Essentially it can be correlated to say; higher penalties = “Very
High Risk” = most hazardous.
By controlling the “Very High Risk” citations, by means of keeping penalty costs down or to
a minimum, one is not only saving the mine operator money, but also preventing major hazardrelated risks from reoccurring. Accordingly, “Very High Risk” standards should be of the first
priority but, “High Risk”, “Moderate Risk”, and “Low Risk” standards should be mitigated too. The
matrices serve as a ranking system, to help mine operators analyze and control their risks in a
systematic approach, by focusing on the “Very High Risks” first and eventually managing the lower
ranked risks later as well.
Instead of looking or focusing on one main hazard, this study took the opportunity to look at
all of the hazards and rank them, according to our pre-established risk classification system. This
helps mitigate these risks on a broader view. All hazards are equally as dangerous, so why not assess
them all instead of only one at a time? Every mine keeps track of their citations and penalties yearly;
with this method mine operators can eventually save themselves money, while providing a safer
work environment as well.

Example Analysis of Quantitative Risk Matrix
There are several choices on how best to approach dealing with major hazard (citations)
across the coal mines in Pennsylvania. One can focus on the frequency of occurrence of citations,
another on the magnitude of the consequences (cost), and another on the risk levels. For example,
from the results given in Table 3-5 for underground bituminous mines in 2007; the following
observations are made:
a) focusing just on the “very high” and “high” frequency of occurrence of citations (seven
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standards), a total of 623 or 33% of the total number of violations and $489,532 or 28.2% of
the total penalties can be addressed;
b) focusing on “very high cost” and “high cost” of the magnitude of consequences (18
standards), a total of $1,435,000 or almost 83% of total penalties and 939 or 49.7% of the
total number of violations can be addressed; and
c) placing the emphasis only on “very high risk,” and “high risk” a total of 933 violations (16
standards) or 49.4% of total number of violations and $1,298,561 or 74.8% of the total
penalties can be addressed.

Limitations
Some limitations of this study may affect the validity of the data. First and foremost, would
be the validity of the external sources, in which in this study would be the inspectors that issue the
citations. The penalties or consequences issued are not standard; they can vary from inspector to
inspector. Inspectors can be biased, even though they should not be; it is something that happens all
the time. Not only in mining, but in almost any industry or field of work where there is a person who
has the authority to make a personal judgment on pre-established standards, to assess whether or not
someone or a company is acting in accordance with set terms. This can pose as a limitation being
that this in an issue that cannot be standardized. Every inspector‟s judgment differs in situations they
are exposed to.
Other limitations include the generalizability within in the study. The generalizability
basically means to make predictions based on a recurring experience. If something occurs
frequently, one would expect that it will continue to do so in the future. Here we did that based on
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yearly occurrences of citations and their associated penalty. This was done on only coal mines in the
state of Pennsylvania over a three year time period. Overall, this is a limiting factor in the study‟s
selection of data.

Future Research
This study can be enhanced by, for example, risk mapping for every single coal mine in
Pennsylvania. The specific mines with the highest risks can be then determined. By focusing on the
mines of highest risk, good insights can be gleaned regarding the most problematic set of standards
with non-compliances. A comparative analysis can also reveal the „best‟ achievable performances,
which could be used for benchmarking citation-related safety performance. A mine size-based risk
assessment for major hazard-related citations can also be carried out. For instance, the risks from
standards violated for very large mines, large mines, medium-size mines, small mines, and very
small mines can be determined. Risk matrices can be created and risk levels can be calculated for
every defined group of mine size.
Since the analysis done in this study was on a yearly basis, it focuses on the risk of certain
citations throughout a year at a time. An analysis of weekly citation frequency and penalty costs
would further help narrow the most important risks. This study looks at coal mines in Pennsylvania
from 2006 to 2008, focusing on the effects of the MINER Act of 2006. For a more concrete analysis,
additional years should be analyzed. I would suggest analyzing a few years prior to 2006 to the
present time. Also, by expanding from out of the state of Pennsylvania to other states and coal
mines, one can see how coal mines in other states compare to each other. Essentially, the same
methods can be used to risk map nonmetal/metal mines as well.
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Please take note that tables within this research are based on the current year (2010) dollar
figure. We ambition the methodology to be the same but consideration to update current dollar value
should be noted for future research.

Chapter 5
CONCLUSIONS

From each table of the top 50 violations in underground bituminous mines (Tables 3-1, 3-2,
and 3-3) from 2006 through 2008, the top three violations with the highest consequence or penalty
(dollars) are: (i) 75.400 – Accumulation of combustible materials; (ii) 75.380 – Escapeways;
bituminous and lignite mines; and (iii) 75.360 – Preshift examination. Table 5-1 below presents the
top three penalized standards cited with associated total penalty for three years from 2006 to 2008.
These three standards have a total of $2,364,178, which is 34.8% of the entire total penalty costs
($6,789,139) from 2006 to 2008 in underground bituminous mines.

Table 5-1: Top Three Penalized Standards for Underground Bituminous Mines from 2006 to 2008.
Standard
Violation
75.400 Accumulation of combustible materials.
75.380 Escapeways; bituminous and lignite mines.
75.360 Preshift examination.

Total Penalty ($)
1,163,630
659,438
541,110

From each table of the top 50 violations in underground anthracite (Tables 3-8, 3-9, and 310) from 2006 through 2008, the top three violations with the highest consequence or penalty
(dollars) are: (i) 75.202 – Protection from fall of roof, face and ribs; (ii) 75.220 – Roof control plan;
and (iii) 75.360 – Preshift Examination. Table 5-2 below presents the top three penalized standards
cited with their associated total penalty for three years from 2006 to 2008. These three standards
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have a total of $243,174 which is 61.5% of the entire total penalty costs ($395,241) from 2006 to
2008 in underground anthracite mines.

Table 5-2: Top Three Penalized Standards for Underground Anthracite Mines from 2006 to 2008.
Standard
Violation
75.202 Protection from falls of roof, face and ribs.
75.220 Roof control plan.
75.360 Preshift examination.

Total Penalty ($)
140,206
71,127
31,841

From each table of the top 50 violations in surface coal mines (Tables 3-15, 3-16, and 3-17)
from 2006 through 2008, the top three violations with the highest consequence or penalty (dollars)
are: (i) 75.1000 – Highwalls, pits and spoil banks; plans; (ii) 77.1713 - Daily inspection of surface
coal mine; certified person; reports of inspection; and (iii) 77.1605 – Loading and haulage
equipment; installations. Table 5-3 below presents the top three penalized standards cited with their
associated total penalty for three years from 2006 to 2008. These three standards have a total of
$428,824 which is 39.5% of the entire total penalty costs ($1,083,895) from 2006 to 2008 in surface
coal mines.

Table 5-3: Top Three Penalized Standards for Surface Coal Mines from 2006 to 2008.
Standard
Violation
77.1000 Highwalls, pits and spoil banks; plans.
77.1713 Daily inspection of surface coal mine; certified person; reports of inspection.
77.1605 Loading and haulage equipment; installations.

total $
221,125
109,048
98,651

Penalties for violations of mine safety and health standards have risen dramatically since
passage of the Mine Improvement and New Emergency Response Act of 2006 (MINER Act), which
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mandated new laws to address safety issues, and now represent a significant cost to mine operators.
With the rising cost of penalties for violations of the regulations and the high level of visibility and
scrutiny that result from disasters, a risk assessment method represents a useful and effective method
to address the threats posed by the major hazard–related violations.
MSHA maintains an extensive, downloadable database on citations of mandatory health and
safety standards. MSHA‟s database essentially provides a log of non-compliances (citations of
standards) in mines in the opinion of the mine inspectors. This research pursued the opportunity of
using that data, and a database was used to assess risks that are related to major hazard-related
citations in Pennsylvania‟s underground and surface coal mines throughout a three year period from
2006 to 2008. This paper presented one possible use of the data to analyze the risks from such
threats and then determined a strategy to deal with the risks posed in a systematic approach that
would yield the greatest potential mitigation of the risks in the most focused manner.
Such a strategy could target mitigative work efforts in different means by focusing on the
frequency of occurrence of citations, the magnitude of the consequences (cost), or the risk levels. In
this study for Pennsylvania‟s underground and surface coal mines, addressing the consequences of
penalties would work best for targeting the major hazard-related citations posing the greatest risks. It
acts as a tool to assist in defining new safety benchmarks for both underground and surface coal
mines. Now with violations ranked at certain risk levels, penalties have the potential to be decreased.
Decreasing the penalties, focusing on the “Very High Risk” citations, will inevitably eliminate major
hazard-related safety issues.
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Unfortunately, as I was finishing writing this paper, on April 5th 2010, in Raleigh County
West Virginia, the most tragic mine accident in over a generation occurred. Even though my
research was based on Pennsylvania coal mines, I decided to try to correlate my analysis with this
accident. Looking at the citations and orders issued from 2009 to April 6th, 2010 a few statements
can be made. Most citations that were issued were ventilation related followed by roof control
citations. Almost 38% of all citations were ventilation related. Roof control citations constituted
approximately 10% of the total amount of citations. These two groups of citations practically
account for half of the total citations issued. The results from this study establish that ventilationtype citations were in the top three most penalized standards from 2006 to 2008 in underground
bituminous mines. Furthermore, from the underground bituminous risk matrices, ventilation and roof
control standards were ranked as “Very High Risk”. The citations and consequences (dollars)
associated with these citations from the West Virginia mine; suggest that the ventilation and roof
control citations were of “Very High Risk” as well. This is another example of how analyzing the
frequency and consequences of mine violations in order to assign each standard to a risk ranking,
can help mine operators determine which risks should be properly attended to and controlled. It can
prevent future occurrences that could potentially end up in an unwanted event. The ranking of risks
provide a valuable tool for prioritizing resource allocations, determining hazard control of higher
risk violations, assisting in defining a benchmark for coal mines, and also increasing productivity by
reducing citation occurrences.
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APPENDIX

Sorted List of Standards in Document in Ascending Numerical Order and Grouped by each
Subpart (Type Violation)

PART 41--NOTIFICATION OF LEGAL IDENTITY

41.12

Notification of Legal Identity
Changes; notification by operator.

PART 47 — HAZARD COMMUNICATION (HazCom)

47.31

HazCom Program
Requirement for a HazCom program.

PART 48--TRAINING AND RETRAINING OF MINERS

48.23
48.25
48.26
48.27
48.28
48.29
48.31

Training and Retraining of Miners Working at Surface Mines and Surface Areas of
Underground Mines
Training plans; time of submission; where filed; information required; time for approval; method for
disapproval; commencement of training; approval of instructors.
Training of new miners; minimum courses of instruction; hours of instruction.
Experienced miner training.
Training of miners assigned to a task in which they have had no previous experience; minimum
courses of instruction.
Annual refresher training of miners; minimum courses of instruction; hours of instruction.
Records of training.
Hazard training.

PART 49--MINE RESCUE TEAMS

49.2

Mine Rescue Teams for Underground Metal and Nonmetal Mines
Availability of mine rescue teams.
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PART 50--NOTIFICATION, INVESTIGATION, REPORTS AND RECORDS OF
ACCIDENTS, INJURIES, ILLNESSES, EMPLOYMENT, AND COAL PRODUCTION IN
MINES

50.20

Reporting of Accidents, Injuries, and Illnesses
Preparation and submission of MSHA Report Form 7000-1--Mine Accident, Injury, and Illness
Report.

50.30

Quarterly Employment and Coal Production Report
Preparation and submission of MSHA Form 7000-2--Quarterly Employment and Coal Production
Report.

62.120
62.130

PART 62—OCCUPATIONAL NOISE EXPOSURE
Action level
Permissible exposure level

PART 70--MANDATORY HEALTH STANDARDS -- UNDERGROUND COAL MINES

70.100
70.101

Dust Standards
Respirable dust standards.
Respirable dust standard when quartz is present.

70.207
70.208

Sampling Procedures
Bimonthly sampling; mechanized mining units.
Bimonthly sampling; designated areas.

PART 71--MANDATORY HEALTH STANDARDS SURFACE COAL MINES AND
SURFACE WORK AREAS OF UNDERGROUND COAL MINES

71.101

Dust Standards
Respirable dust standard when quartz is present.

71.208
71.220

Sampling Procedures
Bimonthly sampling; designated work positions.
Status change reports.

71.400
71.403

Surface Bathing Facilities, Change Rooms, and Sanitary Flush Toilet Facilities at Surface Coal
Mines
Bathing facilities; change rooms; sanitary flush toilet facilities.
Waiver of surface facilities requirements; posting of waiver.

71.500

Sanitary Toilet Facilities at Surface Worksites of Surface Coal Mines
Sanitary toilet facilities at surface worksites; approved sanitary toilets; installation requirements.

71.600

Drinking Water
Drinking water; general.
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PART 72--HEALTH STANDARDS FOR COAL MINES

72.620

Miscellaneous
Drill dust control at surface mines and surface areas of underground mines.

PART 75--MANDATORY SAFETY STANDARDS UNDERGROUND COAL MINES

75.202
75.204
75.208
75.211
75.220

Roof Support
Protection from falls of roof, face and ribs.
Roof bolting.
Warning devices.
Roof testing and scaling.
Roof control plan.

75.310
75.311
75.312
75.313
75.320
75.325
75.330
75.331
75.333
75.334
75.335
75.337
75.340
75.342
75.351
75.360
75.362
75.363
75.364
75.370
75.372
75.380
75.381
75.383
75.389

Ventilation
Installation of main mine fans.
Main mine fan operation.
Main mine fan examinations and records.
Main mine fan stoppage with persons underground.
Air quality detectors and measurement devices.
Air quantity.
Face ventilation control devices.
Auxiliary fans and tubing.
Ventilation controls.
Worked-out areas and areas where pillars are being recovered.
Seal strengths, design applications, and installation.
Construction and repair of seals.
Underground electrical installations.
Methane monitors.
Atmospheric monitoring system (AMS).
Preshift examination.
On-shift examination.
Hazardous conditions; posting, correcting and recording.
Weekly examination.
Mine ventilation plan; submission and approval.
Mine ventilation map.
Escapeways; bituminous and lignite mines.
Escapeways; anthracite mines.
Escapeways; maps and drills.
Mining into inaccessible areas.

75.400
75.403

Combustible Materials and Rock Dusting
Accumulation of combustible materials.
Maintenance of incombustible content of rock dust.

75.503
75.507-1
75.512

Electrical Equipment--General
Permissible electric face equipment; maintenance.
Electric equipment other than power-connection points; outby the last open crosscut; return air;
permissibility requirements.
Electric equipment; examination, testing and maintenance
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75.512-2
75.514
75.515
75.517
75.520
75.523-2
75.523-3

Frequency of examinations.
Electrical connections or splices; suitability.
Cable fittings; suitability.
Power wires and cables; insulation and protection.
Electric equipment; switches.
Deenergization of self-propelled electric face equipment; performance requirements.
Automatic emergency-parking brakes.

75.604
75.606

Trailing Cables
Permanent splicing of trailing cables.
Protection of trailing cables.

75.807

Underground High-Voltage Distribution
Installation of high-voltage transmission cables.

75.902
75.904

Underground Low- and Medium-Voltage Alternating Current Circuits
Low- and medium-voltage ground check monitor circuits.
Identification of circuit breakers.

75.1003

Trolley Wires and Trolley Feeder Wires
Insulation of trolley wires, trolley feeder wires and bare signal wires; guarding of trolley wires and
trolley feeder wires.

75.1103-9

Fire Protection
Quantity and location of firefighting equipment.
Condition and examination of firefighting equipment.
Deluge-type water spray systems.
Water sprinkler systems; fire warning devices at belt drives.
Water sprinkler systems; arrangement of sprinklers.
Automatic fire sensor and warning device systems; installation; minimum requirements.
Automatic fire warning devices; manual resetting.
Minimum requirements; fire suppression materials and location; maintenance of entries and
crosscuts; access doors; communications; fire crews; high-expansion foam devices.

75.1106-3

Transportation, Handling and Storage of Liquefied and Nonliquefied Compressed Gas
Cylinders
Storage of liquefied and nonliquefied compressed gas cylinders; requirements.

75.1107-16

Fire Suppression Devices and Fire-Resistant Hydraulic Fluids on Underground Equipment
Inspection of fire suppression devices.

75.1200
75.1202-1

Maps
Mine map.
Temporary notations, revisions, and supplements.

75.1312
75.1313

Explosives and Blasting
Explosives and detonators in underground magazines.
Explosives and detonators outside of magazines.

75.1400
75.1401
75.1402
75.1403

Hoisting and Mantrips
Hoisting equipment; general.
Hoists; rated capacities; indicators.
Communication between shaft stations and hoist room.
Other safeguards.

75.1100-2
75.1100-3
75.1101-1
75.1101-10
75.1101-8
75.1103-4
75.1103-5
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75.1403-10

Criteria--Haulage; general.

75.1433

Wire Ropes
Examinations.

75.1501
75.1502
75.1504
75.1505

Mine Emergencies
Emergency evacuations.
Mine emergency evacuation and firefighting program of instruction.
Mine emergency evacuation training and drills.
Escapeway maps.

75.1600

Communications
Communications.

75.1702
75.1713-3
75.1713-5
75.1713-7
75.1714-2
75.1714-3
75.1714-7
75.1715
75.1719-4
75.1720
75.1722
75.1725
75.1730

Miscellaneous
Smoking; prohibition.
First-Aid training; supervisory employees.
First-aid training program; retraining of supervisory employees; availability to all miners.
First-aid equipment; location; minimum requirements.
Self-rescue devices; use and location requirements.
Self-rescue devices; inspection, testing, maintenance, repair, and recordkeeping.
Multi-gas detectors.
Identification check system.
Mining machines, cap lamps; requirements.
Protective clothing; requirements.
Mechanical equipment guards.
Machinery and equipment; operation and maintenance
Compressed air; general; compressed air systems.

75.1914

Diesel-Powered Equipment
Maintenance of diesel-powered equipment.

PART 77--MANDATORY SAFETY STANDARDS, SURFACE COAL MINES AND
SURFACE WORK AREAS OF UNDERGROUND COAL MINES

77.107

Qualified and Certified Persons
Training programs.

77.200
77.202
77.203
77.204
77.205
77.206
77.207
77.208
77.210

Surface Installations
Surface installations; general.
Dust accumulations in surface installations.
Use of material or equipment overhead; safeguards.
Openings in surface installations; safeguards.
Travelways at surface installations.
Ladders; construction; installation and maintenance.
Illumination.
Storage of materials.
Hoisting of materials.

77.400

Safeguards for Mechanical Equipment
Mechanical equipment guards.
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77.402
77.403-1
77.403-ag
77.404
77.405
77.409
77.410
77.412

Hand-held power tools; safety devices.
Mobile equipment; rollover protective structures (ROPS).
Mobile equipment; rollover protective structures (ROPS).
Machinery and equipment; operation and maintenance.
Performing work from a raised position; safeguards.
Shovels, draglines, and tractors.
Mobile equipment; automatic warning devices.
Compressed air systems.

77.501
77.502
77.502-2
77.505
77.506
75.506-1
77.512
77.516

Electrical Equipment--General
Electric distribution circuits and equipment; repair.
Electric equipment; examination, testing, and maintenance.
Electric equipment; frequency of examination and testing.
Cable fittings; suitability.
Electric equipment and circuits; overload and short-circuit protection.
Electric face equipment; permissible condition; maintenance requirements.
Inspection and cover plates.
Electric wiring and equipment; installation and maintenance.

77.701

Grounding
Grounding metallic frames, casings, and other enclosures of electric equipment.

77.900
77.901
77.902
77.904

Low- and Medium-Voltage Alternating Current Circuits
Low- and medium-voltage circuits serving portable or mobile three-phase alternating current
equipment; circuit breakers.
Protection of low- and medium-voltage three-phase circuits.
Low- and medium-voltage ground check monitor circuits.
Identification of circuit breakers.

77.1000
77.1000-1
77.1001
77.1003
77.1004
77.1006
77.1007

Ground Control
Highwalls, pits and spoil banks; plans.
Filing of plan.
Stripping; loose material.
Benches.
Ground control; inspection and maintenance; general.
Highwalls; men working.
Drilling; general.

77.1102
77.1103
77.1104
77.1109
77.1110

Fire Protection
Warning signs; smoking and open flame.
Flammable liquids; storage.
Accumulations of combustible materials.
Quantity and location of firefighting equipment.
Examination and maintenance of firefighting equipment.

77.1433

Wire Ropes
Examinations.

77.1503
77.1504
77.1505

Auger Mining
Augering equipment; overhead protection.
Auger equipment; operation.
Auger holes; blocking.
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77.1600
77.1605
77.1606
77.1607
77.1608

Loading and Haulage
Loading and haulage; general.
Loading and haulage; general.
Loading and haulage equipment; inspection and maintenance.
Loading and haulage equipment; operation.
Dumping facilities.

77.1700
77.1706
77.1707
77.1710
77.1713

Miscellaneous
Communications in work areas.
First aid training program; minimum requirements.
First aid equipment; location; minimum requirements.
Protective clothing; requirements.
Daily inspection of surface coal mine; certified person; reports of inspection.

PART 90--MANDATORY HEALTH STANDARDS--COAL MINERS WHO HAVE
EVIDENCE OF THE DEVELOPMENT OF PNEUMOCONIOSIS

90.209

Sampling Procedures
Respirable dust samples; transmission by operator.

