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BEHAVIORAL AND ORGANIZATIONAL DIMENSIONS OF
UNDERGROUND MINE FIRES

By Charles Vaught, Ph.D.,* Michael J. Brnich, Jr.,> Launa G. Mallett, Ph.D.,*
Henry P. Cole, Ed.D.,* William J. Wiehagen,* Ronald S. Conti}®
Kathleen M. Kowalski, Ph.D.,°* and Charles D. Litton’

INTRODUCTION

How do people behave when they aretrying to get out of afire? Areescape
activities different in each incident, or will most actions be predictable across
events? Do persons make the same sorts of decisions whether they are re-
sponding as individuals or as group members?

Becausethe social costs of fire-related deathsand injuriesarelikely to con-
tinuetorise, societal pressure for greater safety will also undoubtedly increase.
There are, therefore, compelling reasons to further our understanding of action
infires. If human behavior infireisstudied scientifically and predicted accord-
ing to some well-defined principles, the benefits will be significant. Design
engineers could incorporate real-world findings into their plans. Equipment
manufacturers could gain from insights into how their technology is actually
used in fire emergencies. Safety personnel would have a better appreciation of
what constitutes adequate evacuation procedures. Trainers could upgrade the
content of their courses that teach escape skills. The result would be an overall
improvement in the quality of fire preparedness and safety.
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This book is part of a small but growing body of scientific literature that
examines the human experience in fire. Some of the first investigations were
conducted in the United Kingdom during the early 1970s. These and later
studies were directed, for the most part, by psychologists. Consequently, they
tended to address perceptions, attitudes and the behavior of individuals. Also,
they focused primarily onresponsestofiresin public structuressuch ashospitals
and nursing homes. The present work differs from those earlier effortsin two
ways. First, theresearch and analysi shasbeen performed by aninterdisciplinary
team of social scientistsand engineers. Indeveloping their analytic framework,
team members concentrated heavily upon organizational factors. Thisresearch,
then, complements the earlier work of psychologists by adding a group
perspective. Second, the sites studied are large underground coal mines. Thus,
an environmental consideration is introduced, because coal mine fires are
qualitatively different from structural blazes.

A review of Mitchell [1990] gives a few points supporting the distinctive-
ness of coal minefires: (1) mineworkers must evacuate long distances (some-
times miles) in smoke and darkness; (2) the seam height at an operation may be
anywherefrom several feet downto 19 or 20 inches, meaning that at some mines
people must crawl out to escape; (3) access to underground workingsis always
limited to afew (sometimes only two) openings; (4) acoa mine's roof and ribs
are impenetrable, lying hundreds of feet below the Earth's surface; (5) the coal
provides an inexhaustible supply of fuel; (6) potentially explosive and lethal
concentrations of gases may build up quickly inaminefire; (7) thereisno safe
place to vent pressures and smoke; and (8) firefighting logistics are difficult.
Given these variables, anyone who delays too long before beginning an escape
attempt, who isnot able to use an emergency breathing apparatus properly, who
cannot travel the necessary distanceto fresh air before hisor her oxygen supply
runsout, or who getslost inthe maze of dark smoke-filled entrieswill likely die.

On December 19, 1984, 27 miners in Utah Power and Light's Wilberg
operation died as the result of adisastrousfire. Exactly what happened during
the attempted evacuation of that mine can only be hypothesized from the
locations, positions, and conditions of bodiesfound during therecovery. Those
hypotheses do not yield information about the decisions made or activities that
took placebeforetheseworkers succumbed to theirrespirable atmosphere. This
disaster is, therefore, of limited value as a case study for learning about human
action and interaction during such events. Over the last 15 years, however,
scientists at the Pittsburgh Research Laboratory have interviewed 48 workers
who escaped from 3 burning coa mines. They have thus gained a unique
opportunity to study human behavior in this often deadly context.

Thetheoretical framework for thisstudy isbuilt on three bodies of technical
literature. Selected literature on fire and human behavior provides the first
source of background information. Included are the works of social scientists,



experts in firefighting, regulators, architects, and computer modelers whose
common goal was seeking to understand how people act and react during fire
emergencies.

The second building block for this study is social science literature on col-
lectivities and small groups. Some organizational studies used directly for the
present research analyze groups in nonroutine situations.

The third area of literature concerns judgment and decision-making in op-
erational settings. This literature helpsto create a perspective from which the
datawill be viewed, because escape behavior is a process of making decisions
and taking action.

Thegroup cohesion of coal minersintheir normal work environment iswell
documented [Vaught 1991]. Thereisample evidence that this social solidarity
al so affects escape behavior, because emergency evacuation has been found not
tobeanindividualistic activity. The authors suggest that when amajor fire oc-
cursin an underground coal mine, a new type of group will be formed: an es-
capegroup. Thisgroup may be made up exclusively of membersof awork crew
or it may be agathering of individualswho havelittle or no previous experience
working together. Whether the membership isidentical with an existing work
crew or not, the escape group must handle tasks very different from those that
are part of routine work activities. The physical environment and new emer-
gency tasks will help define group dynamics and decision-making during an
escape.

The database of thisstudy consistsof information collected from 48 miners
during open-ended interviews. All interview sessions began by having the
workersdiscusstheir actionsand thoughtsfrom thetimethey first becameaware
that there might be aproblemintheir mine until they reached safety. Upon com-
pletion of these narratives, a second cycle of questioning focused on key
decisions and actions. The accounts were then assessed using a computerized
cross-indexing scheme. Researchers next placed reported actions within gen-
eralized categories of response. Team members discovered an array of decision
variables, which can be related to various aspects of individual and group
behavior during the escape process. Each mgjor findingin relation to the events
has been incorporated into a behavior model of workers escaping from un-
derground mine fires. The individual findings that make up this model are
treated as chapter topics in the book.

Because of the importance of this research, an attempt has been made to
addressaswide an audienceaspossible. Thebook iswrittenfirst for mining en-
gineering studentsand people already in mining who must, at somepoint intheir
careers, planfor and respond to fires. Second, it seeksto expand the knowledge
of system developers, who can benefit from insightsinto real-world emergency
decision-making. Finally, social scientists should gain from this exploration of
what is still alittle understood area.



Sinceanticipated readership isvaried, the content will addressappropriately
diversefields. For example, mining expertswill read a discussion of social sci-
ence methods while social scientists are given an overview of the underground
workplace. With thisdiverse audiencein mind, the authors have kept jargon to
a minimum and presented relevant issues in a straightforward manner. It is
hoped that thisapproach will stimulatethe sharing of ideasacrossthe boundaries
of specialization.
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CHAPTER 1.—REVIEW OF SUPPORTING RESEARCH

Human beings tend to organize their view of the world according to certain
generally accepted standards. Thomas Kuhn [1970] termed these shared view-
points"paradigms.” Inrelation to research, paradigms function much the same
way for science as they do for law: they contain canons for the collection of
evidence, determine what is admissible, establish rules for debate, and provide
guidancefor judging merit. Paradigms, however, al so tend to make peopleblind
to issues that fall outside their scope of authority. Thus, while paradigms help
to reveal some aspects of reality, they conceal others. Sometimes, though, there
is a perceived need so strong that it calls a paradigm into question. A likely
result is that someone will innovate and begin to address an issue from a new
perspective. The person who first threw a forward pass in football is an
example.

The paradigm that has governed thinking about firefighting dates from the
last century. During the Industrial Revolution and after, people came to see
technol ogical development asaway to conquer their environment. The solution
to just about any problem lay in an application of natural science and
engineering [Canter 1990]. Conditions not amenable to a mechanical fix were
unthinkable. Such a mind-set was carried over into codes around the world,
where "people's safety is addressed exclusively in engineering terms* [Sime
1985]. This means that human volition has been left out of the equation, and
individual saretreated asinanimate obj ectsabout whom designerscan determine
such things as Flow Capacity of Door Openings in Panic Stuations [Peschl
1971]. Infact, designs based on such fal se assumptions about human beingsare
not sound. For this reason, researchers are taking a closer look at how people
actually behave in panic situations.

Fire and Human Behavior

Writers have dealt with human behavior in fire for severa years now. The
early literature was composed mostly of "anecdotal accounts [that] tended to
concentrate on the horrifying, ‘panic' reactions’ [Wood 1990]. Stevens [1956]
article onthe Church Oyster Roast fire panicisagood example. Theseitemswere
of interest to firefighting professionals and appeared in publications such as the
Quarterly of the National Fire Protection Association. Some technical design
studies also included the human element, although in avery limited way. One
example of such work is Galbreath's[1969] Time of Evacuation by Stairsin High
Buildings. This study, published by the Canadian National Research Council's
Division of Building Research, focused on the movement of people while they
wereevacuating buildings. It did not, however, look at factorsthat might influence
choices of direction, evacuation speed, or other response variables.



The first systematic investigation of human responses to fire threats was
completed in the United Kingdom during the early 1970s. Datafor this project
were collected by interviewing approximately 2,000 individuals who had been
involvedinalmost 100 fires[Wood 1990]. Firebrigade officersdid most of this
work, administering questionnaires at the fire scenes. In this descriptive study,
"behavior was examined both at ageneral level and with particular referenceto
two specific behavioral variables, evacuation of the building and movement
through smoke." Variables such as age, sex, experience with fire, and prior
training were considered. Wood looked at what actions people took and who
took them, but did not attempt an explanation of those actions. To achieve such
an analysis, Wood suggested that "more intensive studies will have to ook at
people's attitudes, knowledge and beliefs concerning fire."

After the completion of Wood's study, "there was an intensification of in-
terest and effort, with some major, systematic studies and numerous smaller
ones...being carried out" [Paulsen 1981]. A U.K. anthology [Canter 1990] pro-
videsan overview of these studiescontai ning chapters"written by scientistswith
interestsin: (1) specific settings in which fire may occur, (2) ideas related to
behavior in fire, and (3) building models of behavior infires. A second edition
of the book was "edited to keep the original detailed case studies and to add
information about some major incidentsthat occurred sincethefirst edition was
published." This volume remains the best available summary of the field of
human behavior in fire.

Four observations may be made about the research mentioned to this point.
First, datagathering wastypically limited by the scattering of survivorsafter the
event or by the death of those with important information about an attempted
escape. Second, the sites studied were frequently structures such ashospitalsor
hotels. Third, the only nonstructural setting investigated involved afirein an
underground transportation station [Donald and Canter 1990]. While accessto
the surface was limited in these tunnels, the affected area was small in com-
parison to mine fires. In any case, most people threatened by the blaze were
individuals who did not know each other or their surroundings very well.
Further, few had training in how to respond to such a situation. Finally, much
of the past work on how humans respond to fire only addressed the behavior of
individuals and did not consider group-level variables.

Only recently have researchers begun to consider the behavior of groups
during fire evacuations. Sime [1985] tested an "affiliative" model involving
patrons of the Summerland Leisure Centre, a seaside complex in the United
Kingdom, where 50 peopledied in afirein August 1973. His model predicted
that peoplefacing potential entrapment would move toward familiar placesand
persons. Sime contrasted such a notion with the engineering assumption un-
derlying escape route design. Designers, he argued, presume there is a deter-
ministic relationship between an exit's location (assuming availability) and its



use in an emergency. In his study of the Marquee Showbar evacuation, Sime
found that two important factors other than proximity to an exit affected di-
rection of movement. Thesewereindividuals familiarity with aparticular travel
route and their tiesto others el sewherein the building. Sime concluded that the
variable of affiliation is not addressed sufficiently by those who ought to be
concerned with how humans actually get out of structures.

Turner and Toft [1989] point out that during the Summerland L eisureCentre
fireindividualsbased their actionson family group membership: "Instead of im-
mediately escaping themselves, therefore, many parents desperately |ooked for
their children frequently causing additional confusion and panic." Johnson
[1987] reported similar findingsin astudy of the evacuation of the Beverly Hills
Supper Clubduringafire: "Throughout the...interviews arereportsof aconcern
by one primary group member for another and multiple reports of group mem-
bersexitingtogether, often hand-in-hand." Evenwhenfamily relationshipswere
not present, other formsof groupswereevident: "Many...reported fromthe Em-
pire Room that they were seated at tableswith othersfrom their workplace, and
both there and in the Crystal Rooms the frequent use of names of othersin
descriptions of the escape indicated the presence of social bonds.” This evi-
dence of individuals reacting to the locations of others and staying with a
specificgroup of people pointsto theimportance of understanding group actions
and interactions during various fire emergencies.

Collectivities and Small Groups

Attempts have been made to learn about the behavior of collections of
peopleinother stressful settings. One strategy hasbeento contrivea'panic” sit-
uation and observe the results. Researchers using this approach have created
laboratory fabrications of various emergency conditions that might affect small
groups or organizational components. Kelley et al. [1965] conducted experi-
mentsrequiring mutual dependenceduring mock panicescapes. They found that
when members of a group took their cues from each other, one of two things
happened: if there was little optimism about escape, interaction proved to be
harmful; a high level of optimism, on the other hand, was reinforced by inter-
action. The authors further determined that public expressions of confidence
reduced anxiety and greatly increased the percentage of peoplewho managed to
escape. Guten and Allen [1972] studied group panic behavior under varying
likelihoods of success. They concluded that the perceived chances of escape
influenced theintensity of their subjects efforts. Peopletried harder when they
were uncertain about the outcome. In addition, individualstended to panic more
in ambiguous predicaments than in those circumstances where danger was high
but the probability of escape was very low.



In an attempt to improve the chances of escape in emergency conditions,
Sugiman and Misumi [1988] directed two field experiments. Onetook place at
an underground shopping mall and the other was held in afire school basement.
In both cases the problem involved evacuating several dozen participants
through one of two or three exits. In their investigation, the authors compared
a pair of emergency evacuation methods. The control method consisted of
having aleader indicate the direction of an exit with aloud voice and vigorous
gestures. Thisisthe traditional approach used in evacuation drills. In the ex-
perimental method, aleader quietly chose an evacuee and asked that person to
follow along. It wasfound that thisexperimental method worked especially well
when the leader-to-evacuee ratio was fairly high. A subject directed by the
leader, and three or four peoplewho saw what the leader was doing, would begin
headingtoward an exit. Thus, an escapegroupformed. Individualsnearby grad-
ually joined this emerging group without any direct influence from the |eader.
Sugiman and Misumi concluded that more people were evacuated in less time
by using small groups as levers to activate the collectivity than by relying on
shouted directions.

Korte [1969] investigated the effects of group communication on male
subjects willingnessto give help in a staged medical emergency. Sixty sets of
three individuals—atrue participant and two plants—were placed in small ad-
jacent roomsinterconnected by intercoms. Experimental conditionswerevaried
according to levels of responsibility (some subjects were told the other two
would be strapped down for monitoring) and communication patternsamong the
confederates (none, minimal, or total). As an experimenter delivered instruc-
tions over the intercom, he pretended to have a severe asthma attack. The test
criterion was whether or not a subject would leave the room and locate the
victimto seeif he needed help. Interestingly, 50% of those who believed they
were the only ones avail able to go to the stricken person'said did so. Only 37%
of those individuals who thought the others were also free went to help. Re-
garding communication, the highest level of intervention (55%) occurred among
subjectswho overheard no discussion over theintercom. Participantsleast like-
ly to respond (35%) were ones who heard the confederates expressing concern
and trying to diagnose the problem.

Obviously, such experiments may be of questionable validity because they
are often far removed from the actual situations they intend to explore [Sime
1985]. Therefore, attempts have been made to bridge the gap between experi-
mental and real-world conditionsthrough realistic simulations. Drabek and Haas
[1969] put three teams of police communications personnel through a series of
exercisesin order to assess organizational stress. First, they established abase-
line by simulating threeroutine situations. Then, amock disaster washeld. The
authors found organizational stressto exist in terms of increased discrepancies
between demand for services and the system's capacity to respond. Asaresult,



decision-making processes changed. Officers, who under normal conditions
functioned autonomously, began to ask each other for information beforemaking
decisions about how to handle calls. This teamwork evolved as the stress
mounted.

Reinartz [1993] conducted an empirical study to determine whether a
simulated nuclear powerplant incident might be avalid way to gain insight into
team behavior under stress. In addressing some of the methodol ogical issuesin-
volved, she focused on a critical point concerning validity. Thereis one im-
portant feature of emergenciesthat simulations are unableto recreate. Thelife-
or-death consequences of one's actions. Noting that this matter is raised often
asaform of criticism, Reinartz [1993] offered a counterargument. The com-
plexity of atask, its nonroutine nature and the associated time constraints are
stressors in themselves. She found support for this contention in certain be-
havioral attributes of team members. Individuals were observed to speak
rapidly, repeat themselves, show irritation, and pace aimlessly. Additionally,
there were performance-related characteristics such as the narrowing of at-
tention. The author concluded that in those situations where direct observation
of group processesisnot possible, simulations provide areasonable aternative.

Many researchersarewillingto sacrificeclassical scientificrigor for abetter
understanding of what happensin real events. After reviewing 15 years of re-
search on observed behaviors "in actual crowd situations," McPhaill and
Wohlstein [1983] reached several conclusions, two of which are pertinent here:
"First, there is growing evidence that...most individuals assemble and remain
with friends, family, or acquaintances. Those social units constitute sources of
instructions and sanctions for the individual's behavior. We must learn what
participants do; when, where, and with whom they do it; and at whose sug-
gestion and with what sanctionsthey behave asthey do...Finally, whilewe know
far more today than 15 years ago...much of what we know is that traditional
characterizations are inaccurate and traditional explanations will no longer
suffice."

Aveni [1977] is one of those who argued that existing approaches to the
study of behavior in crowdswereinadequate. According to thisauthor, most of
the literature dealing with collectivities has been based on individua levels of
analysis. Aveni collected data on personsin crowd situations and found that a
maj ority of the participantswere actually interacting with others. Such findings
strongly suggest a need to give group-level variables more consideration when
thinking about how people act in mass events. A similar idea was put forth by
Shibutani [1955], who pointed out that people tend to adopt the outlook of
groupswith which they identify. These perspectivesinfluenceand reinforcein-
dividual behavior in many circumstancesthat would otherwise be characterized
by confusion and indecision.



Levit [1978] reviewed disaster literature in order to abstract several prin-
ciples of behavior in extreme situations. He listed some of these as general-
izations. They are included here, along with afew illustrative points by other
authors:

(1) A distinct syndrome is associated with response to emergencies. Its
expression, however, differsby culture context. Jacobson [1973] described this
effect in her discussion of group reactionsto confinement in a skyjacked plane.

(2) Individualstend to perceive and interpret disaster cuesin referenceto
familiar aspects of their environment. Tornadoes, for instance, are thought to
sound like approaching trains [Taylor et a. 1970].

(3) Peoplewill seetheinitial problem in different ways and hence make
survival decisions that vary in quality. Spitzer and Denzin [1965] found that
one contributing factor, level of knowledge, varies widely among affected
populations.

(4) Theincidence of nonrational behavior (panic) is much less prevalent
than popular accounts imply. Infact, it is hard to understand why this stereo-
typed image has hung on for so long. Sime [1990] speculated that the concept
has proven useful in minimizing responsibility when designs do not work as
expected.

(5) Good preparation leadsto amore effectiveresponse. Experiencereal-
ly isthe best teacher, according to Sorensen [1983]. The main point in Levit's
seven principles of behavior is that planning for emergencies must take into
account anticipated behavioral patterns of collectivities.

Dynes and Quarantelli [1968] connected what is known about real life
"unstructured" behavior with scientific theories of organization. Their rationale
was that much of the activity taking place in nonroutine events involves in-
stitutionalized behavior. The authors viewed group behavior in extreme situa-
tions as being one of four different types. They derived this typology from a
cross-classification of two variables: the nature of group tasks during a crisis
(regular or nonregular) and whether group structureisold or new. Each cell of
the resulting two-by-two matrix will characterize one type of group, as shown
intable 1.1.

Table 1.1.—Types of group behavior in disasters (after Dynes and Quarantelli [1968]).

REGULAR TASKS NONREGULAR TASKS
OLD STRUCTURE Type | - Established Type Il - Extending
NEW STRUCTURE Type Il - Expanding Type IV - Emergent

10



An example of type | isa police force directing traffic around the scene of
adisaster. Typell could be a group, such as Red Cross volunteers, that exists
only on paper until an emergency takes place. Typelll isillustrated by a con-
struction company using itsworkers and equipment in arescue operation. Type
IV might be an ad hoc group running a command center. The concepts and
vocabulary developed with this typology have been used and extended in a
variety of related research projects [Bardo 1978; Drabek 1987; Johnston and
Johnson 1989].

Onereason researchers have revised Dynes and Quarantelli'stypol ogy isto
addressthetime element. For example, Drabek [1987] added phasesused by the
Federal Emergency Management Agency (FEMA). These phasesare: mitiga-
tion, preparedness, response, and recovery. Another modification of the ty-
pology recognizesthat some disaster tasksand structuresmay not beroutine, but
also are not necessarily new. Bardo [1978] introduced the concept of latency.
L atent tasksand structures do not exist in day-to-day operations, but arein place
to be used when needed. For example, a safety department may have an emer-
gency response plan that covers actions to take during any large-scale disaster.
As these events occur infrequently, tasks are not routine, but are defined in the
plan and used occasionally. They could, therefore, be considered latent when
not in use. A similar argument can be made for structures, e.g., the local Red
Cross chapter will be activated as a functioning emergency response organ-
ization when needed.

Several insights may be drawn here. First, emergency activities (including
escape) are not individualistic. They tend to be group responses. Therefore,
models based on assumptions of individual behavior will be inadequate for
certain purposes, such asin the creation of design features. Second, leaderscan
have a significant impact on people's perceptions and subsequent behavior.
Thus, they may influence the group's survival chances. Third, individuals are
more likely to help others in some situations than in others. Generally, if the
responsibility is perceived as diffuse, a person is less apt to offer assistance.
Fourth, informal groups may emergein organizationsfor the purpose of dealing
with nonroutine situations. Finally, team decision-making may become more
common under conditions of stress, even in organizationsthat do not encourage
teamwork.

Decision-Making

Much early work on decision-making was done by cognitive psychol ogists,
resultingin anindividualistic orientation to theresearch. Fromthisperspective,
the person is actively involved in a process characterized by a number of
elements: (1) the detection of aproblem, (2) adefinition or diagnosis, (3) con-
sideration of available options, (4) a choice of what is perceived to be the best
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option given recognized needs, and (5) execution of the decision based on what
has gone before[Flatherset al. 1982; Baumann and Bourbonnais 1982]. At any
moment in this process it is possible for a person to miss elements, either
because of external factorsor because of hisor her mental state. When thishap-
pens, solving the problem becomes more difficult and at some point will be
impossible.

Researchers have focused on afew variables that seem to have significant
impact on one'sability to solve complex problemsunder timeconstraints. These
are (1) an internal state [Hedge and Lawson 1979], which is the sum of an
individual's psychomotor skills, knowledge, and attitudes, (2) a condition of
uncertainty [ Brecke 1982], caused by faulty or incompleteinformation received
fromtheenvironment, (3) stress[Biggs1968; Jensen and Benel 1977], generated
both by the problem at hand and by any background predicament that might
exist, and (4) complexity, which refers to the number of elements that must be
attended to. These factors reflect the underlying demands on decision-makers
in most life-or-death situations. Whether the individua is an airline pilot,
afirefighter, anurse, or acoal miner, an emergency event imposesthe necessity
of dealing with an enormous quantity of sometimesfaulty informationin avery
short timeframe.

Kuiperset al. [1988] conducted a"thinking aloud" experiment to determine
how three expert physicians made decisions when choosing among difficult
diagnostic andtreatment alternatives. Theauthorsfound that when thesedoctors
were faced with considerable uncertainty and risk, their thought processes did
not resembleaclassic decisiontree. Rather, decisionswere constructed through
an incremental process of planning by refinement. Kuiperset al. [1988] noted
that early decisions were made using simplified, abstracted information about
alternatives. More specific data that might have had a bearing upon choices
were not considered until later. Additionally, the physicians tended to express
likelihoods not as numbers, but as symbolic representations. Conclusions
reached by these researchers suggest that humans use amore primitive category
system in their decision-making processes than a "rational man" model would
indicate.

Nakajimaand Hotta[1989] studied information-seeking asit rel ated to task
complexity. They examined severa features of predecision behavior: (1) per-
ceivingtheexistence of adecisionto bemade, (2) searching neededinformation,
and (3) evaluating and integrating thisknowledge. Therewere 75 subjects, who
were required to choose among 3 or 6 alternatives described by 6 or
12 attributes. The investigators discovered that people shifted their search
processes to adapt to the environment. Moreover, their subjects were prone to
make atradeoff between effort and error. More difficult tasks were tackled by
employing simplification strategies, even when it was obvious the resulting
decision might not be optimal.
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Dorner and Pfeifer [1993] looked at strategic thinking behavior among
40 participants in a computerized forest firefighting game. Twenty of the
subjects were placed under conditions of stress involving disturbing "white
noise." The others were left free to focus on their tasks. Everyone then went
through five hour-long exercises having differing levels of difficulty. Dorner
and Pfeifer found that subjects under stress saved as much of their forestsasdid
those who were unhindered. However, behavior patterns were not the same.
Stressed personsworked with general outlinesof thesituation, whilenonstressed
individuals relied more on in-depth analysis. As aresult, stressed participants
made fewer errorsin setting priorities. Nonstressed players, on the other hand,
were better able to control their firefighting operations.

Jaffray [1989] discussed findingsfrom several experimental studiescalling
the standard model of decision analysis (expected utility theory) into question.
Stated simply, the premise underlying this concept isthat people attach units of
value to the probable outcomes of certain courses of action. Therefore, as-
suming rational behavior, a person will seek to maximize the value (utility) of
his or her efforts. The motive to act is based on some utility of that behavior's
outcome combined with a perceived chance of success. A problem, according
to this author, is that activities under risk do not fit the paradigm. Real-world
behavior is affected by factors such as shifting reference points, simplification,
and other biases that make attempts to equate rational behavior with utility
maximization very difficult. Jaffray closed hisarticlewith an expressed opinion
that the expected utility theory of decision-making under risk has lost its
dominance.

Using such a model to describe group decision-making is even more of a
stretch, because, asmany socia scientistsrealize, group behavior istheresult of
more than aggregated individual motives. There are system properties that
people create through interaction [Tuler 1988]. Communication isone of these
propertiesthat hasreceived a considerable amount of attention recently. Jarboe
[1988] tested small group problem-solving effectiveness. Forty discussion
groups, composed of four subjects each, were set to work on a contemporary
issue. Their task wasto report out a solution. One of Jarboe's most intriguing
and relevant findings involved the role of solidarity. Solidarity, formed in the
communication process, led to increased satisfaction with procedural details.
Jarboe concluded that too much solidarity, however, tended to affect pro-
ductivity. It wasin situations marked by a certain amount of tension (though not
stress) that the most ideas were generated.

Klein[1993] noted that stressorsthat affect individual decision-making may
have an even greater impact on team performance. Helisted several of themore
common ones. (1) time pressure can throw off coordination; (2) ambiguity is
multiplied, because not only do individualsfeel uncertain but no one can besure
how others are interpreting events; (3) noise, which does not always affect
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individual performance, may seriously degrade group communication; (4) team
members who feel responsibility could experience frustration since they have
less control; and (5) high work loads are a problem insofar as people have to
cope with coordination difficulties when tasks are not completed on time. In
Klein'sopinion, much can belearned about team decision-making by considering
how it functions under stress conditions.

Tuler [1988] reviewed research on individual, group, and organizational
decision-making during technological emergencies. He identified four cate-
gories of factors that can affect performance and result in decision failures.
First, structural characteristicssuch asphysical layout, organizational hierarchy,
and work rules can have a great impact on the interactions of people. Second,
workplace culture is very important. Human information processing and de-
cision strategies depend heavily on subjective criteria. Third, communication
networks are critical. Recovery from a system failure may hinge on the ability
of information to flow quickly, accurately, and reliably. Finally, the kinds of
tasks that individuals must perform will have a bearing on their proficiency in
emergencies. Tuler concluded that scientists and engineers need a better under-
standing of behavior in real systems.

Discussion

There are three general themes in the literature reviewed above. Thefirst
isthat, as far as system design procedures are concerned, human behavior isa
"black box." This meansthat designers have assumed people will act in what-
ever way the system demands. At times, such an approach hasled to disastrous
or nearly disastrous consequences [Klein 1993]. For example, at the Indian
Point No. 2 nuclear powerplant, one of two sump pumps blew a fuse and the
other developed a stuck float mechanism. Since these were redundant systems
designed not to fail at the same time, workers decided that an indicator light
showing high water in the sumps must be defective. In other words, confronted
with an obvious malfunction somewhere, personnel choseto render the simplest
explanation (afaulty indicator light), rather than believe afail-safe system had
failed and act on that assumption. Thisallowed 100,000 gallons of water to ac-
cumulate at the bottom of the reactor vessel. It was only when another failure
required techniciansto enter the building that the water buildup was discovered
and a catastrophe averted [Perrow 1984].

Infact, individualsarenot limitlessly tractable. Their thinkingisstructured
and their behavior is patterned. They will bring their own interpretation and re-
sponse to such things as warning indicators. This fact led Tuler [1988] to
comment: "Great attention should be given to devel oping systematic design and
implementation approaches that enhance the correspondence between the
behavior demanded of individuals...and the behavior of whichthey arecapable.”
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A second general theme points to the fact that emergencies tend to involve
groups rather than individuals acting alone or in aggregate. Groups respond
differently thanindividuals. Group decision-makingisnot just amental process;
ithasasocial element. " Social processes suggest that organizational, social, and
cultural values are important factors in behavior and error generation” [Tuler
1988].

A final themeregardsrational choicewhich, insofar asdesignersincorporate
peopleintotheir plans, isthemodel used to explain human behavior. Thistheory
impliesthe existence of completeinformation, aset of utility functions attached
to alternatives, and individuals who make decisions according to maximization
rules. Even if persons acted in conformity with this model, "evidence suggests
that organizations [do not]" [Tuler 1988].

In the process of examining worker responses to underground mine fires,
this book explores significant areas that Tuler [1988] identified as needing
further research. They are (1) the effects of faulty or incompleteinformation on
decision-making, (2) ways in which knowledge bases and organizational
structure affect decision behavior and outcomes, (3) how communication
constraints can hinder strategic thinking, (4) the impact of time pressure on
group acts, (5) development of shared mental models, (6) how group think leads
to bad decisions, and (7) therole of simulations and other training in enhancing
respondents' proficiency and performance. Theseissueswill be addressed from
a perspective that sees "little to be gained from proving one more time that the
model of rational choiceiscounter to mountainsof evidence" andinstead "views
processing of information as secondary and recognizesthat the main context for
making decisions lies in...cultural, and above all, structural factors' [Etzioni
1992].
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CHAPTER 2.—OVERVIEW OF THE UNDERGROUND
ENVIRONMENT AND STUDY SETTINGS

This chapter details the perspective from which collected data have been
examined. Thefirst part, intended primarily for lay readers, discusses several
topicsrelated tomining asan enterprise. Initially, the organi zational functioning
of atypical largeminewill bedescribed. Itistheformal structure aboveaminer
that decides the conditions of hisor her work. A second point of concernisthe
technology itself. An underground coal mineis a sociotechnical system, with
workers and machines organized in particular ways during production. Third,
general conditions and dangers underground will be described in detail. The
physical environment of an operation is a powerful factor in the work life of
miners. Fourth, adiscussion of the process of formal trainingisgiven. During
thistraining, anew worker istaught what the organization expects of him or her
intheroleof safe, productive, coal miner. Next, there are outside organi zations
that act as significant forces in the workplace. Examples include the Mine
Safety and Health Administration (MSHA), State agencies, and the United Mine
Workers of America (UMWA). The roles of these entities will also be
examined. The second part of this chapter will depict each study site as a
concrete setting, so that findings can be interpreted in their proper context.

The Organizational and Technical Nature of Mining

A coal mine is a complex system. It is defined as al parts of a mining
plant's property (both underground and surface) that contribute, under one man-
agement, to the extraction or handling of coal [American Geological Institute
1997]. Assuggested, many functionsthat must be carried out at an operation are
only indirectly related to coal mining and processing. Even the jobsthat are di-
rectly related tend to be numerous and varied [Wallwork 1981]. According to
Palowitch [1982], the chief reason for thissophisticationisthat "after morethan
two centuries of exploiting our coal resources, today's coal industry finds itself
saddled with a horrendous legacy of human impairments and environmental
damageswhich society demandsbe corrected.” Now, the effects of government
regulation are evident in every aspect of the mining industry. Any operation, if
it isto survive, must be administered with an eye for social efficiency and ac-
countability.

Long-range planning is needed to ensure that the mine produces coa in a
cost-effectivemanner. One of thefirst thingsthat must be considered islocation
and method of access. To extract coal from an underground mine, acoalbed (or
"seam") must be reached from the surface. Theterm "portal” isgenerally given
to any entrance that provides accessto acoa mine. In hilly terrain, such asis
found in Appalachia, the coal may "outcrop” on a hillside. This allows direct
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entry to the coal seam via a horizontal tunnel ("drift") opening. At other
locations where there is no outcrop, it may be possible to open a”slope” tunnel
that angles down from the surface and intersectswith the coal seam. If the seam
istoo deep for aslopeto befeasible, a"shaft" must be constructed. This shaft,
which may be 20 ft or more in diameter, isopened vertically from the surfaceto
the coalbed and allows access via alarge elevator.

During long-range planning there is a general focus on such essentials as
equipment type, deployment, utilization, and haulage. Laying out a mine also
involvesauxiliary factorsincluding ventil ation arrangements, roof support plans,
power distribution, and communications. All of these planned systems are in-
corporated into a "projection map" that is developed by a team of technical
specialists. Thisteamwill include, at varioustimes, mining engineers, electrica
engineers, industrial engineers, and company geologists, among others. The
mine map serves the same purpose for a person running an operation that an
architect's blueprint servesabuilding contractor. It providesan overview of the
proj ect, showswherefeatures should belocated, hel psmanagement direct crews
effectively, and servesasatool in the planning of everything from maintenance
schedules to capital expenditures for major equipment purchases.

Responsihility for translating thelong-range plan into day-to-day operations
belongs to a mine superintendent. This personisin charge of the overall mine
complex, including surfacefacilities. An assistant superintendent hel psthe su-
perintendent perform his duties and at some sites oversees all underground
operations. At least one general mine foreman reports to the assistant super-
intendent. Thisindividual directsday-to-day underground operations. For each
working shift at the mine, thereis at least one shift foreman (" shift boss") who
reports to the general mine foreman. The shift boss is in charge of mining-
related activities including coal extraction and service work. Each production
crew inthemineisplaced under the direction of asection foreman ("face boss")
who manages mining operations on his or her section and who reports to the
shift boss. There are also supervisors who oversee specialized support work
underground. These foremen manage (1) maintenance, (2) belt installation,
(3) supply activities, and (4) track laying and repair. All of these individuals
report to the shift boss or the general mine foreman.

The long-range plan provides structure for a superintendent's short-range
planning. If coal isto be mined productively, it must be obtained systematically.
Thisrequiresthe integration of several weekly plansinto a smooth limited pro-
jection. One of the most important functions of a superintendent and his sub-
ordinatesisto maintain an effective extraction cycle at the point of production.
To do thisextraction, plans must incorporate the following factors: (1) adeter-
mination of the shift for each section at which coa production will take place,
(2) adecision about when the section will beidled so that belt and power moves
can bemade, (3) the scheduling of regular equi pment maintenance, (4) provision
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for specia projects such as the instalation of belt head drives, and
(5) preparation for any tasks that cannot be accomplished during regular
workdays, such as shutting down and repairing the ventilation fan. The better
amine superintendent is at planning for and taking care of all of these details,
the more smooth-running and efficient an operation will be.

After enteringtheir portal and reaching the underground workings, atypical
production crew will board a self-propelled personnel carrier known as a
"mantrip" and travel to their "working section." Thisiswhere coal isextracted,
and may be milesfrom the portal. "Working faces" aretheindividual placeson
a working section where mining activities take place. Here, sets of parallel
tunnels ("entries") are driven through the coal seam following a predetermined
plan developed by a mining engineer. Mine entries are 16 to 20 ft wide and as
high asthe coal seamisthick. The number of entriesbeing mined in aworking
section varies from 2 to 10 or more depending on many factors. As parallel
entriesaredevel oped, they are connected by perpendicular tunnel s(" crosscuts”).
Like entries, crosscuts are also usually 16 to 20 ft wide and as high as the coal
seamisthick. Crosscuts, or "breaks" asthey are sometimes called, allow work-
ersand equi pment to move between and among the entries. Thewallsof entries
and crosscuts are called "ribs," while the ceiling above is called the "roof" or
"top." The minefloor istypically called a"bottom."

Ascoa ismined, aworking section advances toward the boundaries of the
coal property. Thisadvancement isgenerally known as " devel opment mining"
and follows a "room-and-pillar* mining plan. With a room-and-pillar plan,
entries and crosscuts are opened through the seam while large blocks of coal
("pillars') are left in place to help support the mine workings. In the United
States, most development mining following a room-and-pillar plan uses
"continuous mining" technology. Work crews on a continuous mining section
are usually composed of 8 to 10 individuals. A typical crew might consist of
(2) oneface boss, (2) one continuous miner operator and a helper, (3) two roof
bolting machine operators, (4) two shuttle car operators, and (5) one mechanic.
These workers perform two operation cycles at the working face that include
(2) cutting and loading of coal and (2) support of the mine roof above the entry
or crosscut.

With continuous mining, operations progress sequentially at each faceon a
working section. First, an area from which coal has already been extracted
(commonly called a"cut") must haveitsroof supported. Theroof is"bolted" by
oneor two minerswho operate a"roof bolter." Theroof bolter isarubber-tired,
electrically powered machinewith rotating drill heads. It putsholesinthe mine
roof. Steel bolts (48 to 96 inches long) are then inserted into these holes and
tightened. They bind together layers of rock stratalocated abovethe cut. This,
in effect, creates a supporting beam between coal pillars and across entries and
crosscuts. Thus, the roof is prevented from collapsing. Next, a "continuous
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miner" is "trammed" into the face. A continuous miner is an electrically
powered machinethat movesa ong on crawler trackssimilar to bulldozer treads.
The machine has a rotating drum ("ripper head") about 10 ft wide and 3 ft in
diameter, on which cutting bits are mounted. The ripper head rotates and cuts
coal from the face. A pair of mechanical gathering arms, located beneath the
ripper head, then sweeps the dislodged coal onto a short conveyor. This con-
veyor moves the coal to the rear of the machine, where it is dumped into a
shuttle car (or "buggy"). A buggy isarubber-tired electrically powered haulage
vehiclethat can carry 6 to 10 tons of coal. Usually, two buggies transport coal
fromthefaceto aconveyor belt dumping point. From thisdumping point onthe
working section, coa is typically transported out of the mine via a series of
conveyor haulage belts. In some mines, however, coal is dumped directly into
small rail cars. Groupsof these cars, known as"trips," are pulled by electrically
powered locomotives to a main underground dumping point. From there, the
coal istransported out of the mine via conveyor belt.

Onceamine (or aportion of it) isdevel oped, the devel opment sections may
then become "retreat" mining sections. In retreat mining, coal pillarsthat were
originally left in place for support of the mine entries and crosscuts are them-
selves extracted. The basic approach isto minein a series of cuts, supporting
the roof with timbers, bolts, or a combination of both. Asthese pillars are re-
moved completely, the mine roof they once supported collapses.

In many large mines, retreat mining has been replaced by longwall mining.
To establish alongwall, two parallel continuous miner sections, each consisting
of two to four entries, are advanced 5,000 ft or more to a predetermined point.
They are then turned and driven toward each other until they join. Once these
sections arejoined, they have created alarge block of coal, 600 to 1,000 ft wide
and approximately amile long, that is known asalongwall "panel." Crewson
alongwall mining section aremade up of 8to 10 individuals. A crew might con-
sist of (1) one supervisor, (2) two shearer operators, (3) two shield operators,
(4) one headgate operator, (5) one tailgate operator, and (6) one mechanic.
These workers run large specialized equipment, which has been dismantled on
the most recently mined longwall section, then brought in and set up at the new
face. Panel extraction consists of completely removing thislarge block of coal
that was created during the development process. Strata are allowed to cave
behind the longwall as coal is mined back in the direction from which the
parallel "setup” sections were started.

Longwall mining operations depend on the use of self-advancing hydraulic
roof supportscalled "shields." Theseare massive overhead steel structures sup-
ported by large multistage hydraulic jacks. Thejack systemallowsshieldsto be
raised and lowered mechanically asafaceisadvanced. Shieldsare placed side-
by-side in arow so that they form a protective canopy along the entire length of
the working face. Coal is removed from the face by a rotary drum shearing

21



machine or "shearer." This shearer rides on top of aflexible, segmented con-
veyor ("pan line") that runs along the face. It is attached to the front of the
shields by hydraulic jacks. The shearer has circular cutting heads mounted on
long arms that are affixed to each end of its main body frame. A cutting head
is equipped with carbide bits arranged in a spiral formation. The head rotates
to cut astrip of coal 30 to 40 inches deep from the longwall face asit is moved
across the panel. This extracted coal falls onto the pan line for transportation
acrossthefaceto the panel'sbelt conveyor. The panel conveyor then movesthe
coal to the mine's main haulage belt for transport outside.

Fresh air must be supplied to all working areas of amine. Airisdrawninto
amine from the outside by one or more propeller-type, axial-vane fansthat may
be aslarge as 8 ft in diameter. These fans can move several hundred thousand
cubic feet of air per minute. Entriesserve as"intake" (fresh) and "return” (con-
taminated) aircourses that channel the air through a mine. Intake and return
aircourses are separated by concrete block walls ("stoppings') that are built in
the crosscuts between entries. Where intake and return aircourses must cross
each other, air bridges ("overcasts') areused. Air moving through the mine and
sweeping acrossitsworking faces carries away smoke, dust, and accumulations
of methane gas. The intake and return aircourses also function as escapeways
for miners should afire or other type of emergency occur. Federal mining law
requires that underground mines must maintain two separate and distinct
travel able passageways designated as escapeways from each working section.
At least one of these two escapeways has to be located in fresh air.

While an underground coal mineisin some respects like afactory, thework-
ing environment is very different. The only lighting, for instance, comes from
miners battery-operated cap lamps or from localized sources on various equip-
ment. At the face, production crews must contend with work areas that can be
dusty, or wet and muddy depending on the amount of water that may be present.
These places can also be extremely confined, especially in mines where the seam
thicknessisnot great. To extract coal, miners must operate large machines under
such conditions. Outby* support personnel are scattered through the labyrinth of
underground entries. They are needed to help maintain the many auxiliary sub-
systems found in the mine. Work done by these miners includes building and
maintaining air stoppings, instaling supplemental roof supports, cleaning coa
spills around or under conveyor haulage belts, moving supplies, maintaining
electrical installations, and conducting hazard inspections. Generally, these sup-
port workersdo their tasks singly or in small crews, usually without direct contact
with other miners, supervisors, or the outside world. They aso haveto deal with
poor footing dueto uneven or muddy bottom. Insum, al minersmust do their jobs
in an environment that is harsh and potentially dangerous.

*Qutby" means away from the working face of the mine. The oppositeis "inby," or toward
the face.
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Mine Dangers

No matter which technical division of labor is being used, miners create a
void under the Earth's surface—a void that is potentially deadly, as Palowitch
[1982] has illustrated. To reduce the risks associated with mining, all face
equipment must meet permissibility standards set forth by MSHA. In addition,
all sources of open flame such as matches and cigarette lighters, wel ding equip-
ment (except in designated areas), and unsealed lights are strictly prohibited.
Even in mines where these regulations are rigidly enforced, however, thereis
till the danger of ignition from steel bits striking rock or pyrites, from sparks
caused by slabsof roof falling against metallic surfaces, or fromwillful violation
of the standards and prohibitions.

Increased mechanization and the introduction of greater numbers of
electrical machines have resulted in mine fires being ranked just behind ex-
plosions as a major cause of mine disasters. Of 877 mine fires that occurred
between 1952 and 1970, 351 happened at or near the working face, and the re-
maining 526 were at various spots throughout the mine. Sixty-nine percent of
the fires at or near the face were determined to have had an electrical source
[Palowitch 1982]. The origin of fires outby the face were most often frictional
ignition of conveyor belts, or spontaneous combustion in abandoned sections of
themine[Kutchta1978]. A survey of coal minefirereportsconducted by Allen
Corp. [1978] showed that the number of firesincreased from 28 in 1951 to 184
in 1960, then decreased to 25 in 1977.

However, mine fires are still occurring, sometimes with disastrous con-
sequences. Anexampleisthefiredisaster that took placeat Emery Mining Co.'s
Wilberg operation on December 19, 1984. On that date, company officialsin-
formed miners on the Fifth Right longwall panel that the mine would attempt to
break aworld record for 24-hour longwall production. On second shift, withthe
record within reach, nine extra workers were sent to the section and eight
management people accompanied them to see the record broken. When fire
(ignited by afaulty compressor near the intake of Fifth Right) broke out, smoke
and carbon monoxide poured in on the 28 people on the section. Unableto don
their self-contai ned self-rescuers(SCSRs), evidently because of lack of adequate
training, most of the miners attempted to escape barefaced down either the
intake or belt entry. They were quickly overcome, and died. Three minerstried
to get out through the tailgate return entry. That entry had been allowed to col-
lapse several weeks before, and the cave-in made it impassable. The miners
bodies were found at the blockage. The last survivor wriggled through a
"squeeze" in the bleeders where the roof had caved in and the floor had
heaved up. He made it into the clear and walked several hundred feet before
being overcome by carbon monoxide poisoning and dying, with an unopened
self-contained self-rescuer around his neck [Moore 1987].
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There are several system failuresimplicit in the Wilberg disaster: (1) non-
essential personnel were in attendance at a time when workers and equipment
were being pushed to break a production record; (2) the faulty air compressor
was allowed to run unattended in a nonfireproofed area; (3) at least some of the
minersdied, not necessarily becausetherewasafire, but becauseentriesrunning
off the tailgate of the longwall were blocked by a cave-in; (4) firefighting
preparedness was inadequate; and (5) the miners were not adequately trained in
how, and under what conditions, to employ nonroutine safety skills such asthe
use of their emergency breathing apparatus.

The Training Process

All persons entering an underground coal mine must be trained. The type
of training required, and the amount individual sreceive, depends on their status
and functioninthemining environment. 30 CFR 48 stipul atesthat each operator
of an underground mine must file, for approval by MSHA, a plan that contains
programs for (1) training new miners, newly-employed experienced miners,
experienced miners assigned to new tasks, (2) annua refresher training, and
(3) hazard training for miners and visitors. The course content and minimum
hours of instruction for each of these programs vary. It has been argued that
U.S. miners may be comparatively poorly trained for many nonroutine events
they arelikely to encounter. McAteer and Galloway [1980] summed thisnotion
up in a report comparing training in the United Kingdom, West Germany,
Poland, Romania, France, Australia, and the United States. "Training and su-
pervisory certification requirementsin the United States are | ess thorough than
those of any other nation studied.”

New miner training, which iswhat people receive before reporting to work,
prescribesat least 40 hoursof instructionin miners rightsunder thelaw, the use
of self-rescue and respiratory apparatus, proceduresfor entering and leaving the
mine, transportati on and communi cation, emergency evacuation and barricading,
roof and ground control, rock dusting program, hazard recognition, electrical
hazards, mine gases, health and safety aspects of assigned tasks, miner health,
and an introduction to the specific work environment. Each year, all miners
working underground must receive a minimum of 8 hours of annual refresher
training that covers many of thetopicsjust listed. All training, in order to com-
ply with 30 CFR, must be given by instructors who have been approved by the
Mine Safety and Health Administration, and is expected to be adapted to the
mining operations and practicesin existence at the company whose workersare
being trained.

There is much technical information miners need, not only because of the
hostile physical environment they face, but because continuing technol ogical and
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organizational changes cause new problemsin the workplace. An example may
be gotten from the use of longwall technology in this country. Wala and Cole
[1987] incorporated choicesabout whereto placebrattice curtainsand takeairflow
readingsinto paper-and-pencil simulationsof longwall operations. Theresearchers
then administered the smulations to 90 mine workers responsible for making
ventilation arrangementsduring cut-throughsat their respective operations. Nearly
one-half of the respondents were shown to have potentially fatal misconceptions
about the behavior of airflow during longwall setup procedures.

A factor in miners lack of proficiency regarding some aspects of their work
environment is that instructors often draw upon their stock of knowledge and
present discrete bits of information unconnected to any grounding that would
make them useful [Briggs and Digman 1980]. At times the training delivered
this way may not be very well thought out. An example of thisis provided by
a segment of the hazard training offered to mine visitors under 30 CFR 48.11.
The self-contained self-rescuer (SCSR) instruction traditionally consisted of an
SCSR being shown by the mine's safety instructor, who would explain the
procedure for putting it on "at the first sign of smoke."

The weakness of this demonstration is apparent, especially when one stops
to consider the nature of SCSRs. First, SCSRs are complex closed-circuit
breathing devices. Improper use of compressed oxygen rebreathers (one type
operates on this principle) can lead to hypoxia and death. SCSRsthat generate
oxygen chemically are morefool-proof, but still must be handled correctly to be
of any benefit in an unbreathable atmosphere. Second, unlike firefighting ap-
paratus or mine rescue gear, which is donned and activated before the wearer
goesinto danger, an SCSR is meant to be put on under extreme conditions such
asfires. From this perspective, it requires little imagination to understand that
the intended user should be thoroughly task trained. Yet, it was not until Sep-
tember 1987 that M SHA, citing research begun shortly after the Wilberg disaster
[Cole and Vaught 1987; Vaught and Cole 1987], promulgated regulations at
30 CFR 48 and 75 requiring hands-on instruction in the use of self-contained
self-rescuers.

Cole et al. [1986], after observing and participating in many training ses-
sions, made several generalizations about how classes are conducted: (1) The
most commonly used technique of mine trainers is instruction for the rote
learning of information. (2) Thereisaheavy reliance on the same sets of train-
ing films and procedures from year to year. (3) Trainees frequently fail to pay
attention to the instruction, devoting their attention to what is going on around
theminstead. (4) When games are used as teaching devices, they usually focus
only on factual recall of information and commonly detract from the content of
what isbeing taught. (5) In many classes, great amounts of time are wasted, in
the sense that it is not spent in instruction. (6) Segments of the day's program
may degenerate into gripe sessions, with little of a substantive nature being
accomplished. In short, the typical miner training classis not always effective.
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Outside Organizations and the Mine

TheU.S. Department of Interior's Bureau of Mines (USBM)?wascreatedin
1910 as a legidative response to a seemingly interminable series of fires and
other disastersthat touched communitiesfrom Franklin, WA, toBelleEllen, AL,
to Wilkes-Barre, PA [Keenan 1963]. Although this was the Federal Govern-
ment'sfirst ventureinto mining regulation, it followed | egislation enacted by the
various coal-producing States by 20 to 30 years [Palowitch 1982]. Moreover,
the USBM had no sanctifying authority. Its primary function was to conduct
mine safety research and issue reports. Mine disasters have historically driven
legislation, however, and following a rash of these disasters in 1940, the
U.S. Congress passed the Federal Coal Mine Safety Act, which granted the
USBM inspection authority, but only in order to gather and publish information
on safety conditions. After afurther string of incidents, the U.S. Congresstook
the next step: inthe summer of 1952, the Federal Coal Mine Safety Act of 1952
(Public Law 82-552) was enacted. It contained section 209, which stipul ated
that USBM inspectors could issue an order of withdrawal from portions of a
mine faced with imminent danger [National Research Council 1982].

The Federal Coal Mine Health and Safety Act of 1969 (Public Law 91-173)
was the first comprehensive plan to protect "the health and safety of persons
workinginthe coal miningindustry of the United States." The Act provided for
each underground coal mineto beinspected four times per year. It also set forth
an array of interim mandatory safety standards covering roof support, ven-
tilation, combustiblematerials, el ectrical equipment, blasting, transportation, and
communication, among others. It also set forth a hierarchy of penalties for in-
dividual and corporate violations of these standards. On July 1, 1973, the Min-
ing Enforcement and Safety Administration wasformed withinthe U.S. Depart-
ment of theInterior, but separatefromthe USBM. The USBM'sinspectionfunc-
tions were vested in this new agency.

Federal regulations governing the mining of coal are currently contained in
the Federal Mine Safety and Health Act of 1977 (Public Law 95-164). Thisact
was promulgated in the wake of yet another round of disasters including the
Sunshine silver minefire. Perhaps the most significant innovation of the 1977
Act, besidesthe creation of an enforcement arm with enhanced rule-making and
sanctioning capabilities, was the establishment of mandatory health and safety
training. For thefirst time, the Federal Government was taking a proactive ap-
proach to removing "actsof God" asexplanationsof workplaceaccidents. There
has existed, since 1977, atotal package of administrative rules, periodic inspec-
tions, workforce preparation, and technical assistance. This comprehensive

2Thesafety and health research functionsof theformer U.S. Bureau of Minesweretransferred
to the Nationa Institute for Occupationa Safety and Health in 1996.
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package is aimed at not only correcting, but also preventing health and safety
hazards in the Nation's mines.

Thereis a second level of oversight at underground coal mines. State en-
forcement agencies station inspectorsin districts around the coalfields. Beyond
writing citations, some States al so provide technical support for mines needing
help in achieving and maintaining compliance. Finally, there may beatraining
and education division whose staff conducts various training and certification
programsinthe State. West Virginiaand Kentucky havethe most extensive ed-
ucation and certification programs for rank-and-file miners. For instance, all
new miners are required to complete a course of formal instruction followed by
an underground orientation, serve an apprenticeship, and pass an examination
(oral and/or written) to receive his or her "miner's papers' [McAteer and
Galloway 1980]. In essence, State and Federal regulations ensure a regular
presence by government officials at an underground mine.

After the National Recovery Act, the United Mine Workers of America
managed to insert safety and health provisions into the next several contracts.
Theseincluded "reasonable” rulesfor saf ety and health (1937), unioninspection
of the mine (1939), establishment of safety committees (1941), clean working
conditions(1943), aprotectiveclothing allowance (1945), benefitsfor long-term
injuries (1946), and the right to withdraw for safety and health reasons (1947).
During the period of rationalization, however, no new provisions were ne-
gotiated. It was not until the 1971 contract that safety and health clauses were
again added, largely as a response to specific sections of the 1969 Act [Short
1982]. Generdly, there are now contractual provisions stipulating that at each
union mine there must be a Mine Health and Safety Committee and a Mine
(grievance) Committee.

The United Mine Workers of Americahastraditionally been ahigh-profile
entity at operationsit hasorganized. Rank-and-fileemployeesat thethree mines
in this study were all members of the UMWA. Thus, the union was an or-
ganizational component that, along with Federal and State bodies, helped to
shape the nature of workplaces at these sites. The following section describes
each setting in turn, paying special attention to such things as personnel num-
bers, productionfigures, and technical layout. These sketcheswill provideread-
ers a better understanding of the underground environments from which the
miners were required to escape.

The Study Settings
Adelaide Mine

Adelaide Mine was an underground operation established in 1903. This
mine was opened by six air shaftsinto the Pittsburgh Coal Seam, which had an
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average thickness of 72 inches. A total of 327 workers were employed at the
operation; 278 worked underground and 49 had jobs on the surface. Coal was
mined on five production sections. Three of these conducted development
mining and two were on retreat. All working sections used continuous mining
technol ogy and the room-and-pillar mining method. Entrieswere on centers of
approximately 70 ft with crosscuts on centers of approximately 90 ft. The
mining company ran two production shifts per day, 5 days per week. Average
coal output at this operation was just over 4,100 tons per day.

Coal was transported from the sections by 36- and 42-inch belts to an
underground storage bunker. It wasthen loaded into 10-ton mine carsfor trans-
portation to askip hoist. A 10-ton capacity skip hoist was used to raise coal to
the surface. There, it was deposited into araw coal silo to await processing at
the mine's preparation plant. Supplies and machinery were lowered into the
mine by an equipment hoist. Trolley locomotives were used to haul coal, sup-
plies, and implementsinside the mine. Trolley mantrips were used to transport
minersto and fromtheworking sections. Threeexhausting axial-vaneminefans
located on the surface provided ventilation to the workings. Permanent stop-
pings, overcasts, check curtains, and line brattices were used to control air flow
throughout the mine.

Three working sections were located inby the source of combustion at
Adelaide Mine. These are shown in figure 2.1.

2 Northwest

The2 Northwest submains, wherethefire occurred, was devel oped fromthe
Southwest Mains. Asdevel opment of this section progressed, panelsweredriv-
en off to the left and connected at the back end of the section with bleeder en-
tries. At the time thisfire occurred, mining in 2 Northwest and the two panels
driving off it was being done with two sets of face equipment. Machinery in-
cluded continuous miners, shuttle cars, roof bolting machines, and battery-
powered scoop tractors. An axial-vane exhausting mine fan located on the sur-
face at Peterson shaft provided ventilation for all three sections in the
2 Northwest submains area of the mine.

At the mouth of 2 Northwest submains, entries were identified by numbers
1 through 8 (from left to right facing inby). Entries 1, 2, and 8 served as return
aircourses, with entries 2 and 8 designated as alternate escapeways. Entries 3,
4,5, and 7 functioned as intake aircourses, with entry 7 designated as an intake
escapeway. Thetrolley haulage was located in No. 4 entry, with the conveyor
belt located in entry No. 6. As the section advanced from Southwest Mains,
aninth entry was added at approximately 2,300 ft inby Southwest Mains. Entry
9 served as a return aircourse and became a designated aternate escapeway.
A 10th entry was added to the section at about 4,200 ft inby Southwest Mains.
This entry also became areturn aircourse and designated alternate escapeway.
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Figure 2.1-The three sections affected by fire at Adelaide Mine.

Because of a limited number of intake aircourses at the mouth of
2 Northwest, and since working sections were being advanced to greater
distances from the main ventilating fan at Peterson shaft, mine management
requested and received permission to use air from their belt entry also to
ventilate the active working places. Aspart of their approval planto usebelt air
for ventilation, the mine was required by MSHA to install a carbon monoxide
(CO) monitoring system. This system had to be capable of detecting CO at a
level of 1 ppm, using sensorsinstalled in the belt entry every 1,000 to 2,000 ft
(depending on air velocity). The system also had to be equipped with audible
and visual alarmsthat activated automatically inthedispatcher'sofficeand at the
underground dumper's shanty when one or more sensors detected CO
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concentrations of 10 ppm or greater. Finaly, the approval plan included a
provision for elimination of a requirement that the belt and trolley entries be
separated with stoppings. Separation of belt and trolley entries was continued
in the 2 Northwest and 1 Right sections but was discontinued on 3 Left.

3 Left

At the time of thefire, 3 Left was aretreat section. This panel, consisting
of nine entries, had been turned off 2 Northwest and driven approximately
3,500 ft to a point where the section connected with a set of bleeder entries.
After all entries had been connected with the bleeders, pillar extraction was
started. The section had retreated about 500 ft outby. Entries on this section
were numbered 1 through 9, left to right facing inby. Entries 1 and 9 served as
return aircourses, with No. 9 entry designated as the aternate escapeway.
Entries 2 through 8 functioned asintake aircourses. No. 8 entry was designated
asthe primary escapeway and was separated from entries 7 and 9 by stoppings.
The belt conveyor was located in entry 5, and the trolley haulage was in entry
7. Asmentioned earlier, the belt and trolley haulage entries on 3 Left were not
separated by stoppings.

1 Right

1 Right off 8 Left was anine-entry development section that also turned off
2 Northwest submains. The section had been driven approximately 4,800 ft
before it was turned 90E to the right. Entries on this section were numbered 1
through 9, left to right facing inby. Entries 1 and 9 served as return aircourses,
with No. 9 also serving as the alternate escapeway. Entries2, 3,4, 6, 7, and 8
functioned asintakeaircourses, with No. 6 designated asthe primary escapeway.
Trolley haulage was located in No. 3, and the belt conveyor was located in
entry 5.

Brownfield Mine

Brownfield Mine was opened by one ope and eight shafts into two un-
derground coal seams, one above the other. Both the Upper Kittanning (or CN)
and Lower Kittanning (or B) Seam average 48 to 54 inches thick. At thetime
of the fire, Brownfield Mine employed 869 workers. Of this number, 804
individuals worked underground and 65 worked at various locations on the
surface. There were 17 continuous mining units and 3 longwall sections that
produced an average 7,000 tons of coa each day during 3 production shifts.
Entries and crosscuts were developed 18 to 20 ft wide and were on centers of
from 60 to 120 ft. This operation was ventilated by six axial-vane, exhausting
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mine fans located on the surface. Underground ventilation was controlled by
permanent stoppings, overcasts, regulators, check curtains, and line brattices.

Coal from the faces of working sections was transported by shuttle cars and
discharged onto conveyor haulage belts. A series of conveyor belts transported
coal from each section to a loading area where it was dumped into mine cars.
From this load point, coal was hauled in mine cars to a main rotary dump area
underground. From the dump area, coal was taken via conveyor belt out of the
minetoacleaning plant for processing. Suppliesand equipment weremoved with-
inthemineby rail usingtrolley locomotives. Trolley mantripswere used to trans-
port miners to and from the working sections. On longwall panel devel opment
sections, miners would dismount their rail mantrips at the mouth of the section.
They would then board rubber-tired personnel carriers and go to the faces.

6 West Mains

6 West Mains, where the fire occurred, had developed eight entries using
continuous mining technol ogy and the room-and-pillar mining method. Entries
on 6 West Mains were numbered 1 through 8, left to right facing inby (figure
2.2). Entries 1, 2, and 3 served as return aircourses, with entry 3 designated as
the alternate escapeway. Entries4, 6, 7, and 8 functioned as intake aircourses,
with entry No. 4 designated as the primary escapeway. Trolley haulage was
located in No. 6, and the conveyor belt waslocated in No. 5. Ascoal extraction
progressed inthisarea, longwall development panel sweredriven off to both the
left and right of 6 West. Two of these were situated inby the fire's location.

4 South

The 4 South section was a three-entry longwall development panel that had
been advanced approximately 2,000 ft from 6 West Mains. Entry 1 served asthe
return aircourse for this section and was designated as their alternate escapeway.
No. 2 entry wastheintakeaircourse and functioned asaprimary escapeway for the
section. A conveyor haulage belt, located in entry 3, was ventilated by a separate
split of intake air that moved from the section mouth inby to the belt tail piece.

5 South

The 5 South section was also athree-entry longwall devel opment panel that
had been advanced about 1,000 ft inby from 6 West Mains. On this section, en-
try 1 served as the intake aircourse and was also the primary escapeway. The
conveyor belt was located in entry 2 and was ventilated by a separate split of
intake air that moved from the mouth of the sectioninby to thetail piece. Entry 3
wasthereturn aircourse and served as adesignated alternate escapeway for this
section.
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Cokedale Mine

Cokedale Mine was originally started in 1944. At the time the Cokedale
Mine fire occurred, this operation was opened by one drift and eight shaftsinto
the Pittsburgh Coal Seam. Here, the Pittsburgh Seam averaged 66 inches thick.
A total of 408 personswere employed at the mine, 319 working underground on
2 production shiftsand 1 maintenance shift per day, 5 days per week. Themine
operated seven active sections and had three spare sections. Workers produced
an average of 6,500 tons of coal per day. All sections were mined using the
room-and-pillar method, with coal extraction being done by continuous miners.
Entries and crosscuts were mined to a width of 16 ft. Entries were normally
developed on centers of 64 ft, with crosscuts mined on centers of 96 ft.

Coal was transported from the faces by shuttle cars and dumped onto belt
conveyors. These conveyor belts transported coal from the sections to under-
ground loading tipples, where the cod was loaded into mine cars. From the
tipples, 37- and 50-ton track locomotives transported trips of |oaded mine carsto
the surface, where coal was then processed at the mine's cleaning plant.
Ventilation to the mine was provided by six exhausting axia-vane mine fans
located on the surface. Intake air entered at the drift entrance and at seven intake
air shafts. Permanent stoppings, overcasts, and undercastswere used to control air
flow and provide the required separation between various aircourses. Permanent
stoppings were constructed of concrete blocks with mortared joints or blocks
plastered onone side. In areas of short production duration, steel panel stoppings
were used. Face ventilation was accomplished using auxiliary fans and tubing.

From Cokedale Mine's drift opening (pit mouth), a series of seven or eight
entries (main headings) weredriveninawesterly direction. Thefireat thismine
originated in the loaded track entry of these mains (figure 2.3). It started at a
point about 6 miles inby the pit mouth and 1,000 ft outby Steiner portal. At the
time, entries 1, 2, and 3 were functioning as return aircourses, while entries 6,
7, and 8 served asintakes. Near thefire, entries 4 and 5 were track entries and
accommodated Cokedale Mine's main trolley haulage from working sectionsto
the pit mouth. Entries4 and 5 also served as intake aircourses, and air velocity
in these entries exceeded 250 fpm. They were developed before the Federal
Coa Mine Headlth and Safety Act of 1969, which limited air velocity around
trolley haulage systemsto 250 fpm.

8 Face

The 8 Face section consisted of nine entries and had been developed in the
mid-1950sto theleft off themain headings. Entries 1 through 4 wereintake air-
ways, while entries 5 through 8 served as return aircourses. A series of eight-
entry panels were developed to the right of 8 Face. After development, these
butt panels were retreated back to 8 Face.
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7 Butt

In the late 1980s, a new series of nine entries, known as 7 Butt, were
developed to the left of 8 Face about 1,000 ft inby the main headings. These
entries were driven some 3,200 ft before the section was turned to the left. In
thissection, entries 1, 8, and 9 were designated return aircourses, whileentries 2
through 7 served asintake aircourses. After 7 Butt had been advanced approxi-
mately 1,000 ft, aset of seven entries, known asthe 1 Left "free” entries, were
driven 90E off 7 Butt and connected with the haulage mains. The purpose for
driving this set of entries was to provide more air to the devel oping sections.

8 Face Parallels

Just outby the 1 L eft "free" entriesalong 7 Butt, aseriesof nine entrieswere
devel oped 90E to theright. Theseentries, known as 8 Face Parallels, werebeing
driven parallel to the old 8 Face entries. For 8 Face Parallels section, the pri-
mary (intake) escapeway followed No. 7 entry to its intersection with 7 Butt.
The primary escapeway coming out of 7 Butt followed No. 8 entry out to the
intersection of 7 Butt and old 8 Face. The old 8 Face entries were devel oped
before the Federal Coal Mine Health and Safety Act of 1969; as a result, the
intake escapeway from old 8 Face was routed onto thetrack entry. Thealternate
(return) escapeway off 8 Face Parallelsfollowed No. 9 entry to the intersection
with 7 Butt. The alternate escapeway off 7 Butt followed No. 9 entry to the
intersection with old 8 Face. At this point, the return escapeway crossed over
old 8 Face to the right-side return (No. 7 entry) of old 8 Face. The secondary
escapeway in old 8 Face followed No. 7 entry to the section mouth. From there,
the secondary escapeway followed the left-side return (No. 3 entry) of themain
headings to Crystal air shaft.

Discussion

This chapter has depicted an underground coal mine as a well-planned,
complex, and regul ated system operating in aharsh environment. Additionally,
it profiled the three fire settings to be discussed later. Since mines contain nu-
merous piecesof e ectrical equipment, havevariousfriction sources, and possess
an amost inexhaustible supply of fuel, it is not surprising that they sometimes
catch fire. Actually, small fires are somewhat common. Those that force an
evacuation, however, arenonroutine events. While minersmay behighly skilled
at their jobs, thetask of responding to thistype of emergency requiresadifferent
set of proficiencies.

Earlier, it was suggested that safety training classes may not always give
miners competencies they need to face contingenciesin their workplaces. This
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brings up an interesting point as it relates to fire. Even though mines are
potentially dangerous, they are not emergency organizations. Their goal isto
extract a product—coal—and to do it profitably. Preparation for an event that
may never occur will obviously not be given the same priority in aminethat it
would merit on a naval combat vessel, for instance. What, then, is the
appropriate way to view behaviors that will be reported in the chapters to
follow? Workers at these operations did not display the discipline that well-
drilled mine rescue teams would have, but is such an expectation realistic?
Perhaps the best way to approach this analysis is to note that some groups
responded much more effectively than others and to explore what factorsled to
such variation. That way, any recommendations for improvement are likely to
remain in context, recognizing that mines are not emergency organizations.
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CHAPTER 3.—RESEARCH DESIGN AND SAMPLE PROFILE

Homans [ 1950] offered aworking definition of group that is useful for this
research: "Wemean by agroup anumber of personswho communicatewith one
another often over a span of time, and who are few enough so that each person
is able to communicate with all the others, not at secondhand, through other
people, but face-to-face." This chapter begins with a discussion of the group
concept in reference to the hypothesized escape groups mentioned earlier. It
then moves to an examination of analysis techniques used by the authors.
Finally, the subjects themselves are profiled according to their demographic
characteristics.

The Nature of Groups

Warriner [1956] took arealist approach to understanding groups: "(1) the
groupisjust asreal asthe person, but (2) both are abstract, analytical units, not
concrete entities, and (3) the group is understandable and explicable solely in
terms of distinctly social processes and factors, not by reference to individual
psychology." Warriner's realist position merely holds that "group” occupies a
different domain in which it isno more or less concrete than "person.” At this
group level the unit of analysiswill be those relationsthat indicate socia rather
thanindividual behavior. Itispossibletoinvestigate these group propertiesem-
pirically—if a researcher avoids confusing conceptual entities with concrete
ones. Most people seem to accept that group attributes must somehow be
inferred, but think personal attributeswill bedirectly manifested, requiringlittle
or no interpretation [Snizek 1979]. In other words, nobody would equate phys-
ical componentsof an underground working section with the actual work group,
yet social scientists (as well as laypeople) very often confuse real individuals
with notions of the person. In actuality, neither groups nor persons are directly
disclosed to the senses; both are inferred by experience and observation. One
can"see" agroup just asclearly asone can "see" a person, given the proper per-
spective from which to do so. Itisnecessary, in devel oping this perspective, to
begin with a sound definition of the thing being examined.

Besides communication, or more generaly, socia interaction, Homans
[1950] included three other components of group makeup. "Sentiment" ischar-
acterized as the feelings people tend to form about one another when they
interact often. These feelings include not only friendliness and dislike, but at-
titudes such as approval or disapproval. A "norm" isanidea, held in common
by group members, that specifies how people ought to behave in given cir-
cumstances. In lay terms, norms are simply those informal rules individuals
abide by in order to get along together in social situations. Finally, "activity"
refers to those things persons do with others. In work groups, as an example,
many of the activities are cooperative and goal-directed.
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Most underground mining activities are carried out asteam work. Workers
at the face interact routinely to coordinate various tasks in the extraction cycle.
Crews that work outby also communicate and assist each other in order to do
their jobs. These reciprocal relations exist in a daily context of danger.
A mistake on oneworker'spart could injureor kill others. Theneed to deal with
thisdanger and predict what one's coworkersarelikely todoinagiven situation
hasresulted in acomplex of sentimentsand rulesgoverningindividual behavior.
Simply stated, miners pressure each other to behave in terms of collective ex-
pectations and use arange of sanctionsto ensure conformity [ Smith and V aught
1988]. A result iswhat Lee [1970] termed the "illusion of universality." This
isageneral feeling that group members have the same outlook and tend to define
things similarly [Shibutani 1955]. Thus, a miner's attraction to hisor her "bud-
dies’ is seen asright and proper, where "one's very self, for many purposes at
least, is the common life and purpose of the group...the simplest way of
describing thiswholenessis by saying that it...involves the sort of sympathy and
mutual identification for which ‘we' is the natural expression” [Cooley 1909].

For underground miners, the sentiment that "we must stick together” may be
a"sacred code" [Lucas 1969] so strong it has a bearing upon how individuals
behave toward each other during afire. Johnston and Johnson [1988] noted that
an emergency does not necessarily signal the breakdown of social organization.
Rather, functional rolesthat already exist are merely adapted and extended into
the crisis. In amine, where workers feel that survival under ordinary circum-
stances may well depend on "having a good buddy who watches out for you"
[Wardell et a. 1985], it is amost certain they will be trying to help each other
escape. How and under what circumstances this helping behavior occursis a
concern of theresearchteam. Sincetheliteraturereviewed in chapter 1 suggests
that group escape attempts may actually increase an individual's survival
chances, what then makes an effective escape group? At what point doesasitu-
ation dictate that "it's every man for himself,” as one respondent reported, and
how might this sentiment be avoided? To answer these and other questions
about escape behavior, it is necessary to explore the nature of those groups that
evacuated the three fires reported in this study.

Research Strategy and Method

A general case study strategy has been used in this research and the design
should not be confused with any particular method of data collection and
analysis. Nevertheless, such misunderstanding occurs frequently and tendsto
cloud discussion [Platt 1988]. Thisissue can beclarified succinctly. Case stud-
ies are nothing other than a way to "explain wholistically the dynamics of a
certain historical period of a particular social unit” [Stoecker 1991]. In other
words, they set the boundaries of aresearch effort rather than determine how it
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will be carried out. For the present study, each of the eight escaping groupsis
treated as a separate case having unique aspects as well as certain com-
monalities. The time periods are well-defined, beginning with a warning and
ending when group members reached safety. Likewise, each socia unit is
clearly identifiable: those minerswho cameout of their operation together. The
research task isto explain the dynamics of these different groups.

Analysis of each subject of interest wasfirst done within the escape group.
"A single case can undoubtedly demonstrate that its features are possible and,
hence may also exist in other cases and, even if they do not, must be taken into
account in the formulation of general propositions’ [Platt 1988]. A multiple-
case design was used so that variationsacross cases could al so be examined. “In
amultiple-case study, one goal isto build ageneral explanation that fits each of
the individual cases, even though the cases will vary in their details.” [Yin
1984]. Multiple cases are not used as a sample of the population, but as repli-
cation of an analysis. Each case "(a) predicts similar results (aliteral replica-
tion) or (b) produces contrary results but for predictable reasons (a theoretical
replication)” [Yin1984]. Inthisstudy, theresulting explanationswere based on
what was learned about each group, asan individual case, and about subjects of
interest as they were exhibited (or not exhibited) across the eight groups.

Information for the present study has been taken from various sources.
Existing literaturewas used to provide atheoretical notion of how escape groups
might be expected to function. Mine Safety and Health Administration investi-
gativereportshel ped researchersbuild picturesof eachfiresituation. Thesenar-
ratives also provided insights about the efficiency of given escape efforts. The
main data source, however, is a set of open-ended responses collected during
interviews with workers who escaped through smokein thethree mines. Forty-
eight miners, supervisors, and State or Federal inspectors gave accounts of their
experiences. "An account isthe personal record of an event by the individual
experiencingit, told from his point of view " [Brown and Sime 1981]. Thus, the
focusof analysisarethesequalitativedata. Further, while someresponsesinthe
databaserefer to individuals, only datathat |ead to a better understanding of the
group will be considered here. Each escape group will be portrayed through the
accounts of its members.

Quantitative methodologists often profess difficulty understanding how a
qualitative strategy and its rel ated activities can be made legitimate. The use of
open-ended data, such aspersonal accounts, isfrequently criticized by thosewho
aremorefamiliar with experimental or quasi-experimental quantitativemethods.
These scientistsusually raiseissues of reliability and validity when questioning
the soundness of qualitativeresearch. Ingeneral, reliability denotesthe tenden-
cy of a measuring procedure to behave in a constant manner each time it is
applied. The concept of validity isnot quite sointuitive. Essentially, however,
avalid procedure is one that measures what it is supposed to measure. From a
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traditional (or empirical) frame of reference, the type of information-gathering
that depends on subjective responses has some mgjor flaws.

First, independent and dependent variables may not be well specified and
probably could not be measured accurately even if they were [Stoecker 1991].
Since reliability depends on the degree to which a finding "is independent of
accidental circumstances® [Kirk and Miller 1990], it isvital that any variable of
interest can be linked with an empirical indicator. It will then be possible,
through repeated trials, to determine the constancy of thisindicator as a meas-
urement tool. Consistent measurement isnecessary if researchersareto separate
legitimate findings from accidental factors that introduce error [Carmines and
Zeller 1987]. Without thistype of rigor, empiricistsargue, potential biaswould
be obscured and hence undetected. Thus, there could be no guarantee of internal
validity. Internal validity allows the researcher to conclude that it was a
specified independent variable, rather than some third factor, which caused
change in a dependent variable [Yin 1984]. Because it is very difficult to es-
tablish the reliability and internal validity of open-ended responsesin a tradi-
tional sense, such data get labeled as"impressionistic* and unusable for causal
analysis.

A second shortcoming of qualitative research, according to quantitative
methodol ogists, isthat dataobtained under uncontrolled conditionsdo not allow
the use of probability statistics and therefore are not generalizable. This ques-
tion of representativeness involves the problem of external validity: "To what
populations [and] settings...can this effect be generalized?' [Campbell and
Stanley 1966]. Insituationswhere aproper sample hasbeentaken, itispossible
to control statistically for interactions of factorsthat may have animpact on the
dependent variable. A researcher can then draw conclusions about some meas-
ured observation and infer how it will impact infinite similar circumstances.
Sincethe qualitative methodol ogist neither takes broad and random samples nor
calibrates responses, it is deemed there is no way to answer the question of
"whether the researcher sees what he or she thinks he or she sees’ [Kirk and
Miller 1990]. This"nonquantitative" scholar is also viewed as being unable to
make any empirical leap from particular events to those universal axioms that
are the ultimate goals of science.

Y et qualitative methods, which becamevirtually ignored in most disciplines
following the rise of computer analysis and sophisticated statistical techniques,
have had a phenomenal resurgence in the past decade [Miles and Huberman
1994]. Perhaps the chief reason for this renewed interest in, and use of, open-
ended data has been the growing recognition that quantitative science leaves
gaps in our attempts to answer "how" and "why" questions. Stoecker [1991]
listed three basic responses to the proponents of experimental or quasi-
experimental research that suggest what some of the foibles are: "First,
probability samples and significance tests do not insure accurate explanation.
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Second, the scientific method does not control for researcher bias. Third, the
survey research preferred by scientific method advocates is not useful for
applied questions." No matter how well a study is controlled, a scientist who
wishes to go beyond the immediate evidence and make statements about some
population or universe must assume he or she "knows the relevant laws'
[Campbell and Stanley 1966]. The strength of one's assumptions rests upon
knowledge, experience and creativity, i.e., any type of science is only as good
asits practitioners.

If there is a place in science for nonquantitative research, what might that
place be? Insofar as case studies are concerned, they usually are thought of as
exploratory or descriptivein nature. Thisisespecially sofor work that relieson
gualitative analysis (such as the present research). The appropriateness of a
particular strategy, however, should be decided not by its nature but by the
purpose for whichitisbeing used. Yin[1984] listed three conditions that need
to be considered before choosing a research strategy: (1) the type of research
guestion being posed, (2) an investigator's extent of control over actual events,
and (3) whether the events being focused on are current or historical. Questions
that consider how or why certain contemporary events occur, but over which the
researcher has no control, are particularly amenable to a case analysis. Fur-
thermore, aqualitative case study, used as an explanatory mechanism, " provides
evidence to show how both the rule, and its exceptions, operate” [Stoecker
1991].

The present qualitative research makes no effort to count something or
measure a quantity. Instead, team members have attempted to determine the
presence or absence of group behavior in a fire setting and then explain its
variability in those instances whereit is seen to exist. The question relevant to
reliability, inthiscase, iswhether group behavior was studied by the researchers
in away that created afalse reflection of it. Kirk and Miller [1990] suggested
the proper response to that question: "For reliability to be calculated, it isin-
cumbent on the scientific investigator to document hisor her procedure.” Asin
reportsof quantitativeresearch, the qualitative methodol ogist must makeexplicit
the way the study was designed and carried out. In so doing, he or she guar-
antees that other scientists can determine whether or not the methodology is
sound. They then have an occasion to replicate the techniques, if appropriate,
in other settings.

Validity, inthe case of these threefires, involves an assumption that USBM
researchers did, in fact, observe or detect what they were attempting to in-
vestigate. In qualitative studies, the fundamental tools used are a researcher's
powersof observation or an ability to ask appropriate questionsat theright time.
A qualitativeresearcher often gains confidencein findings by using astructured
instrument to examine an issue or variable of concern. The primary instrument
used to gather dataduring thisresearch wasan interview guide (see appendix B).

42



This guide requested individuals to provide an account of their persona
experiences in the fire from which they escaped. Brown and Sime [1981] ad-
dressed the appropriateness of such an approach: "Fundamental to the phi-
losophy of an account methodology is the recognition that people can and do
comment on their experiences, and that these commentaries are acceptable as
scientific data." If a person making an observation is skilled and his or her in-
struments properly constructed, then any subsequent conclusions ought to be
considered valid. Inreporting these results, of course, it isimportant to recount
the methods that were used. Their appropriateness and proper use can then be
evaluated by other researchers. Each of these scientists will ultimately decide
if theinstrument was constructed correctly and if the researcherswere skilledin
its use.

In each case, after hearing about an event, researchersinvolvedinthisstudy
contacted officials from both the affected company and the United Mine
Workers of America (the labor union that represented rank-and-file employees
at all three sites). Investigators requested management and |abor's cooperation
with an ongoing study of miners responses to underground mine fires. At
mines A and B, union officials agreed to set up interviews with minerswho had
escaped their fires. One union and one management official set up the in-
terviews that were conducted with those individuals who escaped the fire in
mine C. Worker accounts were gathered at locations convenient for the par-
ticipating miners. Interviews of mine A workers were conducted in aroom at
the local union hall. Individuals who escaped mine B were interviewed at a
motel closeto the minewherethey worked. Theinterviewsat mine C were con-
ducted in offices on mine property.

Nobody except one subject and two research scientists was permitted in the
room during an interview. The miner wasfirst asked for permission to tape re-
cord his account. All subjects agreed to be taped. A written schedule (men-
tioned previously and shown in appendix B) with a series of open-ended
guestions and related probes was used to guide every account. Each interview
began with an investigator reiterating that participation in the study was
voluntary and that the miner had an option of not answering any particular
guestion.

After obtaining general demographicinformation, aninterviewer next asked
the miner to tell, without interruption, his story about escaping the fire. Fol-
lowup questionswere then used so that specific detail s about each escape could
be included. The sessions, which were 30 to 90 minutes long, ended when a
researcher had asked all questions on the interview guide and a miner did not
have any additional comments. Theseinterviewswere completed 1to 6 months
after each fire had occurred.

Theaudiotapesweretranscribed and stored on computer disks astext-based
data. Thisdataset has been analyzed with the assistance of aprogram that acts,
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in effect, as an electronic substitute for scissors and paste [Seidel et a. 1988].
The computer application allows files to be sorted by category and cross-
referenced according to some predetermined coding scheme. This feature en-
ablesthe easy retrieval and juxtaposition of specific categories during analysis.
Analysis can then begin with a series of coding passes. The first pass might
simply identify instances of situationsin which agroup property either existsor
explicitly does not exist. The next level of coding could include concepts such
ascomposition, stability, or interactions. The coding scheme can be further de-
fined during this process and coding continued as needed. Findings may then
be used to create a group behavior model.

After the accounts were gathered, a comparative method of qualitative
analysiswasemployed [ Glaser and Strauss 1967]. Inthe comparative approach,
aresearcher develops as many categories as will clarify the problem. Next, he
or she starts integrating categories and the properties that make them up, be-
ginning to connect concepts with their indicators [Claster and Schwartz 1972].
After integrating categories and properties, the researcher isthen ready to move
toward simplicity and a broader scope [Glaser and Strauss 1967]. Over time,
atheory of the event under investigation will emerge and be modified as more
dataare added. Asthetheory isstreamlined, researchersareableto arrive at an
assessment of how typical those occurrences that went into its construction are
likely to be [Becker 1970]. Thelogic underlying this assessment isthe same as
that which supportsprobability: instead of adopting an either/or stanceabout the
accuracy of particular assertions, one addresses the likelihood that his or her
conclusions are correct. The magnitude of evidence from various data sources
enables an observer to advance a particular conclusion with a greater or lesser
degree of confidence.

Profile of the Sample

Across the 3 mines and 48 subjects, 8 separate groups of workers escaped
through smoke. Table 3.1 showsthe number of minersin each escape group and the
number who were actually interviewed. The sampleincludesworkersfrom various
jobcategories. Forty-two of theseindividua swererank-and-fileminerswhoworked
throughout the mines. One mine ingpector and five supervisors were interviewed.
These workers were 41.7 years old on average. They had a mean of 16.8 years of
experiencein mining with about 15 years at the operation where they wereworking
at thetimeof their fire. Theaverage age and number of yearsof experiencefor each
group are shownintable 3.2. All of the minersincluded in this sample were male.
One femae did escape with agroup from Adelaide, but she chose not to participate
inthestudy. To further define the context within which these people were required
to act, each escape group and its situation will be discussed briefly bel ow.



Table 3.1.—Number of miners in each escape group
and number in sample

. Population N Sample N

Group Mine (total * 65) (total * 48)
1. .. A 10 8
2 A 8 6
3 A 10 7
NAp ........ A NAp 1
4 . B 8 7
5. ... B 9 7
6 .......... B 3 1
NAp ........ B NAp 1
7o c 8 5
8 ... ....... C 9 5

NAp Not applicable.

Table 3.2.—Average ages and years of experience of miners in escape groups

Average Average Average years
Group Mine age years at this mine
(N " 42) (total * 16.8) (total * 15.2)
1 ... A 41.8 17.1 17.1
2 A 39.3 14.3 14.0
3. A 39.7 17.6 15.0
4 ... B 41.7 17.2 16.7
5. ... ... B 40.3 17.6 14.4
6 ......... B 56 25 15
7o C 38.8 13.9 13.9
8 ......... Cc 40.0 14.7 13.9
Total .. ... — 41.8 16.8 15.2

Escape Profiles

Group 1 (1 Right - Adelaide) was a production crew. Thisgroup had anew
section foreman who was working his first shift in the mine after a 5-year
absence. Hewas not familiar with the affected area; Asoneworker putit: "The
boss, | can't blame the boss. This was the first time he was on the section in
5years."” Additionally, the crew had recently been "split up," and some regular
workers had been replaced with experienced miners from other sections. Asa
result, at least three group members besides the foreman were unfamiliar with
this part of themine. Group 1 started the evacuation riding their mantrip. This
mode of travel continued until the crew encountered heavy smoke. At that point
the driver stopped the vehicle and everyone got out: "We had two or three
running—everybody was panicked.” After some initial confusion, the group
members gathered and started walking together out their intake escapeway.
They soon hit smoke in thisentry aswell. Group 1 moved into areturn airway
and continued walking. Shortly thereafter, the group members encountered
smoke again. At this point, they donned their self-contained self-rescuers and
walked through smoke to safety.

Group 2 (2 Northwest - Adelaide) was also a production crew. These
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workers had all been together for asignificant amount of time. They had a sec-
tion foreman who was very familiar with the affected area. One other resource
in this group was an individual who had been a mine rescue team member for
many years. "We had the boss and the mine rescue man set it up, the bossin
front, hewasintherear." Group 2 started to leave the mine on amantrip. The
group members had only gone a short distance when they encountered smoke.
They did not leave the mantrip at this point, however. Instead, they rode back
up into the section to where they had started. They then got off the vehicle and
started walking down their intake escapeway until they encountered smoke.
Group 2 next moved into the return to avoid the smoke and continued walking.
When smoke wasfound in the return, this group donned the self-contained self-
rescuers and proceeded for about 1 mile to reach safety: "We were about as
organized asyou'regoingto get. Wedidreal good." "Weall stuck together real
well."

As with group 1, miners in group 3 (3 Left - Adelaide) had some new
membersthenight of their fire. Most, however, had worked together for several
years. At the beginning, everyone rode together until they encountered smoke.
Asinthefirst group, they next started walking down their intake escapeway and
hit more smoke. They then moved into areturn and walked until they got into
smoke, at which point they decided to don their self-contained self-rescuers.
The next phase of their escape, however, differsfromgroup 1. They did not es-
cape as a cohesive unit, instead spreading out to form three subgroups. While
walking through smoke, this crew became lost and was actually moving deeper
into the mine: "We went in alittle circle and come back around." They had
gone approximately 200 ft when one of the minersrecognized their mistake. At
that point, everyoneturned around and thistime successfully found their way out
of the mine.

When group 4 (4 South - Brownfield) gathered, smoke was already visible
intheintake entry. In addition to the section foreman and regular crew, group 4
contained a Federal mine inspector who had been on the section. This group,
unlike the others, did not choose the return as a second option. The group
thought that smoke would aso be found in that entry: "The boss and the in-
spector was there, and they were discussing which way to go—which would be
the best way to get out. So they decided it would be down the belt. Weall went
down the belt." However, the belt was not clear. Like group 3, group 4 spread
out, with some slower workers lagging behind, accompanied by the inspector.
They completed the escape in the belt entry through the smoke.

Group 5 (5 South - Brownfield), a production crew, was led out by its
section foreman with help from a rank-and-file miner who knew the affected
areawell: "[Theforeman] is our boss. He...doneright. He got us on the right
track and kept us on the right track. Between him and [the other guy].” After
group 5 assembled, the group members walked down the intake entry until they
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encountered smoke. Like group 4, they tried the belt entry next. The smoke
therewasnot asheavy at first. When it became heavy, they moved to thereturn.
Thereturn was al so smoke-filled, but they traveled on through the smoke. Some
of the workers had difficulty dueto age or physical problemsand slowed down.
The section foreman stayed with these people to make sure that everyone
reached safety.

Members of group 6 (6 West - Brownfield) included three individuals.
These were a maintenance foreman and a mechanic (who worked together
regularly) plusaStatemineinspector. All threedonnedtheir self-contained self-
rescuers as soon as they assembled at the intake escapeway. Even though their
haulage was clear initially, this group, influenced by input from the State mine
inspector, decided against attempting to travel in avehicle. They started their
escape walking down the intake entry. When they reached heavy smoke, they
retreated and moved into areturn: "l mean, the inspector, when | turned around
and said we got to go back, he says no, and | says, you can do what you want to
do, I'mgoing back." The men made acouple of turns, but basically followed the
return out of the smoke to clear air: "The markers (reflectors) were there.
I mean, | realy wasn't looking for them...the return is double-timbered. | just
stayed between the props and went."

Group 7 (7 Butt - Cokedale) was a collection of individuals working in an
area on midnights, which was a maintenance shift at their mine. Here,
a construction foreman took charge and led them out of the mine: "I was a
foreman in charge of that area, and when | said to these people what we had to
do, there was no second guessing my decision." As with groups 1, 2, and 3,
these miners also started their escape by attempting to leave the section on
vehicles. When they judged the smoke to be too heavy for continuing safely,
everyone started walking in a return entry: "l felt pretty confident...because
I knew [the foreman] had been up there for along time walking returns and...he
was real familiar with the area.” In all, they walked through smoke for about
1.5 miles. Throughout their escape, respondents recalled, the construction
foreman displayed knowledgeable, decisive, and confident leadership.

None of the individualsin group 8 (8 Face Parallels) were engaged in coal
production, because they were also working the maintenance shift at their
operation. Most of themwereinvolved in such support work asconstruction and
supply activities. Additionally, two motormenwerein the sectionwhenfirewas
discovered. Everyone gathered and began their escape on foot. Like all of the
groups except 5 and 6, they started out in their primary intake escapeway:
"Therewas alot of confusion...the boss couldn't figure out how to get into the
intake escapeway.” Whenthey encountered smokethere, the men turned around
and returned to the section, as group 2 did. They then attempted to travel down
areturnentry. After walking about 0.25 miles, someonerealized that they were
not in a designated escapeway: "The guys were more or less talking amongst
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themselves and | said, you know, thisis real serious and this boss if we're not
careful, he's going to get us killed." At this point, everyone returned to the
section for a second time. They then found a designated alternate escapeway
and followed it through smoke to safety.

Discussion

All eight of the escapestook place under potentially deadly conditions. The
miners traveled in smoke for thousands of feet. Individuals had to use self-
contained self-rescuersto protect their lungs asthey moved through this smoke.
Some of the escape routes were objectively more complicated than others, but
all weredifficult to traverse.

The summaries above give very general overviews of each escapein order
to suggest some of that associated complexity and difficulty. Thisis done to
help readers more fully identify with the study's context. In the chapters that
follow we will discuss at length details of each group and the areafrom which
it escaped. Subjective analyses of danger and the effects of those perceptions
on group behavior will be alarge part of that discussion.
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CHAPTER 4.—EXAMINATION OF GROUP BEHAVIOR
DURING MINE FIRE ESCAPES

It issuggested in chapter 1 that emergency activities (including escape) are
not individualistic. They tend to be group responses. If escapesfrom minefires
are group activities, then preparation for such events must take group behavior
into account. Thischapter exploresthe hypothesisthat the minerswho escaped
fromthethree minesunder study did so asmembersof groups. For devel opment
of this chapter, the database was examined for evidence of the existence of
escape groups and for instances when individualistic behavior was paramount.
[llustrations of group and/or individualistic behavior were analyzed and
representative examples are provided in the following discussion.

The nature of groups was discussed in chapter 3 and the following working
definition was offered: "We mean by a group a number of persons who com-
municate with one another often over a span of time, and who are few enough
so that each person is able to communicate with all the others, not at second-
hand, through other people, but face-to-face” [Homans 1950]. To determine
whether or not groupsexisted during thefire evacuations, it isimportant that the
concept of group beclearly defined. Therefore, thediscussion started in chapter
3will beelaborated here. The defining characteristics of group givenin chapter
3 were taken from Homans [1950]. They include size, person-to-person com-
munication, feelings that members have for each other, explicit and implicit
rules for behavior, and common activities.

An additional characteristic that is sometimes used to define groupsis co-
hesiveness. Kiesler and Kiesler [1970] state, " Cohesiveness would include not
only the attraction that the group holds for its members but also any other force
operating on theindividual to stay inthegroup.” Variablessaid to contributeto
cohesivenessinclude "(1) the attractiveness of a group for its members," and
"(2) the coordination of the efforts of the members® [Keisler 1970]. One source
of the attraction to agroup occurs when "the goals or exterior tasks confronting
the group are consistent with those of the individual person, and can best be
handled by group action” [ Cartwright and Zander 1968, in Davis1969]. Inother
words, a common goal and a coordinated effort mounted to achieve that goa
contributes toward the creation of a cohesive group.

As discussed in the earlier review of research (chapter 1), groups have
frequently been studied in laboratory or simulation settings. These methods al-
lowed control over variables of interest. Kiesler and Kiesler [1970] state,
however, that they "find group variables conceptually imprecise and experi-
mentally difficult to work with." Experimental control, in other words, is
difficult to achieve in the study of groups. The richness of the naturalistic mine
fire data may provide an opportunity for an examination of groups that cannot
be found in laboratories or simulations because this environment was not
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contrived and the groups were not artificially created. While there are limita-
tionsinthedataset, it providesan opportunity for examining naturally occurring
groups experiencing an extremely stressful situation. Furthermore, it offers
views of those groups developed from the perspective of potentia group
members.

Theremainder of this chapter will be organized into four sections. Thefirst
section will focus on characteristics of the groups. The beginning of group
formation for each work crew will beexamined in section two. Thethird section
will explore counterexamples or cases when individualistic behavior took prec-
edence over group actions. The last section will be a discussion of the rami-
fications of the findings for mine evacuation preparedness.

Group Characteristics

To document the existence of the escape groups, group characteristics that
were defined earlier in this chapter will be considered. The most objective
measure isgroup size. All except one of the groups studied had 8-10 members.
The one outlier had only three members. These sizes would meet Homan's
[1950] criteria of being, "few enough that each person is able to communicate
with al the others, not secondhand, through other peopl e, but face-to-face." The
following discussion will address each group in terms of its make-up and the
more subjective criteria

The groups that were formed on each section varied in composition. Five
of the eight groups were made up of production crews. Intwo of these cases, the
crews from 2 Northwest at Adelaide and 5 South at Brownfield, stable work
groups had existed for quite some time and included a section foreman or
another miner with leadership capabilities. The 4 South crew at Brownfield
Minewas composed of astablework group and a mineinspector who happened
to be on the section at the time of the fire. The inspector was, however, well-
known to the section foreman and was trusted as a capable individual. The
production crews from Adelaide Mine's 1 Right and 3 Left sections were
composed of new miners and/or supervisors. Whilethese individual s were not
new to mining and the roles they assumed, neither were they familiar with each
other. The smallest group, which escaped from the 6 West section at
Brownfield, consisted of threeindividuals who were involved in the repair of a
piece of equipment. Two of them were well-known to each other and routinely
worked together. The third was a mine inspector who was conducting an in-
spection in that area. Two of the groups, from Cokedale Mine's 7 Butt and
8 Face Parallels, were formed during a maintenance shift. These groups con-
tained collections of individuals who were performing construction and supply
activities on these sections. In both of these groups, foremen were present.
Some of the individualsin each group were familiar with each other, but others
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were not. Similarly, some miners were familiar with the sections from which
they wererequired to escapewhile otherswerenot. Inall eight cases, regardless
of the prior affiliation between the people on each section or familiarity withthe
work area, the first action taken when warning of an emergency was received
was to warn others on the section and for everyone to gather in one location.

It isnot surprising that miners on a section would come together under some
conditions. Coal minerstypically work ingroups. Each production crew conducts
activitiesin the section with individual sfilling variousrolesand being assigned to
certain jobs. During the accomplishment of those jobs, however, the members of
the crew may be dispersed throughout the section. For example, on a continuous
mining section, the miner operator and helper will bein one entry while the roof
bolter operator and helper are in another. The miners who are responsible for
transporting coal from the face to the section's dump point for haulage to the
outside will travel between the continuous miner and the dump point. Therefore,
while a person can think of a section as having one work group that together
complete the tasks necessary to mine coal, these miners are aso doing discrete
tasks within a system that may or may not alow them to be in direct
communication with each other at any given time during the work shift. Casua
workers and visitors such as mechanics, bratticemen, supplymen, surveyors,
inspectors, and others may also be on the section. Workersweredispersedinthis
way on each section when the mine fire threat began at each of the mines.

Regardless of their particular location on the section, miners have certain
understandings of their roles and expectations of other miners. In other words,
they have what was earlier termed "explicit and implicit rules for behavior."
Under these "rules," a miner is expected to come to the assistance of another
during amine emergency if at al possible. When conducting a study in acom-
munity where a major mine emergency had occurred, Beach and Lucas [1960]
determined that:

In common with many mining communities, the norms shared by all
individuals guaranteed mutual help. The miners' code of rescue meant
that each trapped miner had the knowledge that he would never be
buried alive if it were humanly possible for his friends to reach him.
Thiscodewas sowidely understood and unconsciously accepted that no
miner-rescuer was faced with serious role conflict. At the same time,
the code was not rigid enough to ostracize those who could not face the
rescue role.

These rules also include strong ties between a miner and a "buddy." It is
understood that these two workers hold a special relationship and are expected
to come to each other'said. These implicit rules and role definitions existed at
the study mines.
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When asked how concerned the workers on one section werewhen they first
gathered together, one miner explained that most were calm but one miner was
upset. "We had trouble with really only one guy on our crew, [he] just left his
buddy.” Saying that the miner "left his buddy" was intended to show that this
individual was extremely upset. The miner's actions were explained by the
coworker's comment, "He's anervous person.” As Beach and Lucas found, the
expectation isthat aminer will help other miners, especially abuddy, but it will
not be held against an individual who is not up to the task.

The excerpts presented throughout this book offer, again and again, ex-
amplesof minersexpressing versionsof thiscodeand discussing attemptstolive
by it. It iswithin the context of such a code that the actions of individuals and
groups must beunderstood. Minersliving by thiscodewould therefore set goals
of not only self-protection during emergency situations, but al so protecting other
miners whenever possible. Potential escape group members therefore, would
have an obvious common goal during the threatening situation of a minefire.

Escape Group Formation

As mentioned earlier, production workers and other miners were scattered
throughout their sections in groups of two to four individuals when they
determined, by receiving warning or by their senses, that something waswrong
and some action should be taken. Details about the discovery of the fires and
how warnings were communicated will be discussed in chapter 6. For the
purposes of thischapter, however, itisimportant to notethat upon learning some
kind of nonroutine problem existed, each miner was typically with only one or
two others.

Thefirst thing that happened after the individuals or small groups learned
of aproblemwasthe gathering of everyonein each section at onelocation. This
group formation occurred on all eight of the affected sections. Thebehavior was
displayed regardless of the form or content of the warning and across all job
tittlesand individual situations. This point, which will be expanded below, is of
consequence becauseit providesthefoundation for the argument to be madethat
evacuation procedures and related training should focus on group action and
interaction, as individual miners will naturaly form such groups during
emergency escape attempts.

Providing warning to the other miners on the section wastheinitial priority
of those workers who first received word of a fire or who observed and
recognized the signs of a serious fire. In some cases the supervisor, usually a
section foreman, received acall or spotted smoke. It isnot surprising, given the
responsibilitiesof their positions, that theseindividual sinstructed theminerson
their sectionsto meet at a given location to begin evacuation. Theforemanwith
the crew from 7 Butt at Cokedal e asked aminer to help give warning to the other
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miners. Hedirected theminer to "'just make sure everybody meetsup here at the
[track] switch." 1t could be suggested that the supervisor in these situations has
responsibility for the other employees and is motivated by that responsibility to
warn them and to gather them together where they can be given any assistance
needed during the evacuation.

While it may be true that supervisors feel responsible for the safety of
miners during an emergency, thisisnot acompl ete explanation for the behavior
of gathering everyone in the section together before taking other actions. This
same behavior was exhibited by everyone who had earlier knowledge of the
problem regardiess of that person's position or job title. When a roof bolter
operator answered a phone call and was told of the fire, he asked other miners
nearby to help him spread the word:

| said, "I'll go to the left side. You get the guys on the right side." So
I went up and told them, and we came down and the guys from the right
side came down...[to the load center].

In giving warning, it was assumed that everyone would meet somewhere on the
section before starting out of the mine. A shuttle car operator reported his
actions upon learning of the fire in his mine as follows:

| stopped at the bolters first and | told them that there's heavy smoke
coming up the intake and we're supposed to get out of here right away.
See you back at the power center. That's where the rescuers were.

When hearing of the potential danger, no one started hisor her evacuation alone.
In every case, warning of the situation was given and instructions to join the
other miners at a specific location were given.

It should also be considered that miners routinely enter and leave their
working section as a group. Frequently their transportation to and from work
areas is via a mantrip, which workers ride into and out of the mine with the
otherswhowork inthat section. Itisnot remarkable, therefore, that minerswent
to agiven location to begin the process of leaving the mine. What is of interest,
however, isthat in these far from routine situations, miners still adhered to this
pattern of leaving together. In fact, none of the miners interviewed gave any
indication that they considered starting their evacuations without the entire
group. They often spoke of the actions of the groups, at this early point, asif
they were of one mind:

We met at the dinner hole and al of us just went down to the mantrip

and all inasinglefileline and we got in the mantrip and we started out.
We all met down at the tool boxes. From there we walked down to the
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self-rescuers and everything. Everybody picked up aself-rescuer. We
had afull crew. Everybody got a self-rescuer, and we checked to make
sure they were al good. We turned around and we were going to go
down the intake.

In most cases, the minersinterviewed seemed not to question whether or not the
person notified of adanger would spread the warning throughout the section and
then wait at agiven location, (formally or informally designated) for the rest of
the section members to arrive before proceeding out of the mine.

Itisalsointeresting to notethat minersat thisearly stage of group formation
remained with the group regardless of their personal opinions about the safety
of the groups behavior. A utilityman told of beginning his escape riding ave-
hicle even though he did not think that was the best method.

[The boss] came back up and said, "Get all the fire extinguishers and
let's go. Well get in the mantrip.” | went down there. | really wanted
to go to the intake escapeway or something like that when he said there
was afire. I'm goingto go the other way. | don't want to go that way.
So we got in there and, gee, we only went a couple blocks.

The authority of the boss was not questioned, even in this potentially life and
death situation. The utilityman remained a part of the group, under the boss's
leadership. Inanother case, asimilar situation arosefor aminer who did not ride
ajitney even though he thought that was the best way to reach safety. In this
case, a mine inspector, who happened to be on that section, was the authority
figure to whom he deferred the decision.

[Thefireboss| said therewasaminefireand | saysokay, and then| run
and get my buddy and we went up the track entry. [Thereis no track
there at that point.] Wewent up and around, and | had to go over inthe
belt entry to get the inspector. We got on our rescuersright there. And
we also took a spare rescuer with us. | was going to ride the jitney out
of there, but he [the inspector] wouldn't let us, so we went on foot.

What these actions say about leadership is discussed in chapter 9. However,
note that once the groups gathered together, individuals started their escapes
with those groupseven when they felt theinitial actionsbeing taken werenot the
best choices given the situations at hand.

Counterexamples to Escape Group Behavior

While each of the miners started evacuation with a group made up of
individuals who had been on the section at the time of warning, at times there
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were situations when individualistic behavior took precedence over group
actions. As mentioned previously, miners accept therole of assisting othersin
emergency situations, but also pardon those who cannot offer that assistance.
Instances of individualistic activities and of excusing others for lack of
assistance were recounted in the accounts of the mine fire escapes.

Individual decisionsseemed to outwei gh group behavior whentheindividual
was convinced that therewasreal danger and that the group's activitieswere not
the best response to the threat. An exampleis provided by the 6 West group at
Brownfield Mine. Thegroup fromthisminewascomposed of threeindividuals:
a maintenance foreman, a mechanic, and a mine inspector. The group started
together and even remained together when the maintenance foreman was not
convinced that the group's response was the best. However, as the maintenance
foreman perceived an increase in the danger of the situation, he decided to act
as an individual regardless of the choices made by the other group members:

When | turned around and said we got to go back, [the inspector] says
no. And | says, "You can do what you want to do, I'm going back."
| said, "Y ou can follow me or do what you want." At that point | didn't
give a damn who followed me or who didn't. | was getting out of a
heavy concentration [of smoke].

The maintenance foreman affirmed his belief in the code of assistance, while at
the same time justifying his attitude regarding acting alone if necessary:

Theonly way | wouldn't stay with somebody wasif they disagreed with
me and | knowed | had the right decision made; | mean the right escape
road or something. Thenif they would give meany trouble, | would go.

The maintenance foreman suggested that the other group members should
follow hislead, but if they did not follow, then he would have no choice but to
act alone. In this case, he was not acting for self-interest at the expense of the
group good. Instead, the maintenance foreman was convinced that acting based
on his decision would be best for each member of the group, but if group
members chose not to follow his lead he was willing to act as an individual.
Thereis no evidence regarding whether or not the maintenance foreman would
havefollowed through with thisbehavior, because the other group membersdid
follow him at this point.

A more extreme example of group breakdown occurred in the group that
escaped from 4 South at Brownfield. At one point the group broke roughly into
two smaller groups. Later, oneindividual wasleft behind under life-threatening
circumstances. Therewasmuchinformation regarding theseactionsandtherea-
sons for them volunteered during data-gathering interviews. These discussions
suggest ahigh level of concern regarding roles and the appropriateness of the
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actions of the group members. The members of the 4 South group started their
evacuation together:

Then, likel said, they started separating from the pack, not waiting for
the pack, the faster ones. The slower guys, some were stopping 'cause
they just didn't havethewind. They were out of shape or whatever, and
they just wanted to stop and take arest.

At that point, the section supervisor went ahead with the faster subgroup and a
mine inspector stayed back with the slower subgroup. There was also one
individual who was not clearly a part of either group.

| said, "Let'stry to stay together," and the older man, | recall him saying
that he has to go at a steady pace, that he can't go fast, that he's just
going to stay out ahead of us [the slower subgroup] and try to hold a
slow place.

[A faster miner] comes by and says, "What's the matter old man, can't
you take it?" | says, "Hey, you just go ahead, you save your own ass,
don't worry about me." And that'sjust theway it wasfrom there on out.

Thisminer remained in hisposition between thefaster and slower subgroupsand
safely escaped.

The event most distressing to group members occurred when an individual
in the group from 4 South became unable to continue his escape and was | eft
behind. The actions surrounding this situation exemplify the implicit rules
regarding miners responsibilitiesto each other. At thispointintheescape, three
miners (the miner operator, the mine inspector, and amechanic) had formed the
slower subgroup and they were too far behind to communicate with the other
members of the 4 South group. The continuous miner operator found it in-
creasingly difficult to continue, and the other two miners were trying to assist
him down the belt entry. "[The miner operator] said, 'l can't go no more.” He
said, 'I'm just going to stay here.” The mine inspector felt he should stay and
help, but perceived that the oxygen supply from his SCSR was becoming
dangerously low. He decided to leave the other two miners behind:

| looked at the mechanic and | said, "I got to go." | said, "Thereisno
sense in me staying.” | don't know if | said that or not, but | thought
about it. | know | talked to myself, "There's no sense in me staying.”
| said, "I can't breathe now." | said, "l know where I'm at. | can send
somebody back. I'll go out and get somebody."
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As can be seen in his comments, the inspector stayed to help as long as he
thought was possible and then reasoned that he had to leave. He did not stop his
explanationthere, however, and pointed out that he could offer further assistance
to the struggling miner by going for outside help. Eventually the mechanic also
made this decision and |eft the miner operator alone.

| felt so sorry for [the miner operator], and he was struggling too hard,
and | guess | made a decision there that he wasn't going to make it and
that you might as well leave him and you might make it.

The miner operator was eventually helped to safety by the mechanic and the
foreman who returned after they had reached fresh air.

All of the group members who knew about the miner operator's difficulties
did everything they thought possibleto assist him. Two even went back into the
smoke after they had reached a safe area. The miner operator was asked about
that point during the escape when hewasleft alone. Hisresponse confirmsthat
the code allows reprieve for miners who cannot help othersin need.

It don't bother me. | didn't expect—I kept telling the mechanic to keep
going, don't wait for me. | didn't expect anybody to stay behind for me.
| don't hold nothing against anybody.

In summary, the members of the 4 South group started their evacuation
together, but as environmental conditions deteriorated, the group split.
Eventually, one miner was even left to die. On the other hand, group members
returned and helped thisindividual to safety and he held no hard feelings about
the experience. This example of group behavior upholds the code of helping
each other whenever possible, but of releasing others from this obligation when
it cannot be fulfilled.

Emergency Evacuation Ramifications of Group Behavior

The findings reported in this chapter suggest that individuals will form a
group during an emergency situation and will often act with the group regardless
of personal opinionsregardingthe optimumresponsetotheevent. Furthermore,
minerswill assist each other during emergency eventswhenever possible. This
assistance can take such forms as delaying the group's evacuation to wait for a
slower group member or individuals returning to a hostile environment after
reaching safety to search for amissing coworker. Thisdoesnot mean, however,
that no individual action takes place. Sometimes individual safety does take
precedence over group safety. The individual seems to be more likely to act
outside of group behavior as the perceived danger increases and as options for
group action become limited.
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In planning for emergency mine evacuation, group behavior should always
be considered. Since minerswill probably gather as a group before beginning
their evacuation, issues such as time alotments for such activities, strategic
locations for gathering, and appropriate |eadership should be examined. It is
alsoimportant to realize that minerswill attempt to assist other minerswho they
perceive to be in danger. Awareness of this response is especialy relevant for
thosewho aretrying to determinethelocation of missing minersduring arescue
attempt. In these situations, miners may not choose the most direct route out of
the mine, but may instead go toward an area where they think they may find a
fellow miner needing their assistance. In training miners for escape, it may be
appropriate to discuss the issues related to groups staying together versus
individual s and/or subgroups splitting from the main group. It isnot clear that
either situation isalways correct. Itisclear, however, that both happen during
real events. It would be helpful if discussions of when each might be fitting
were conducted in a classroom setting.

In summary, emergency response planners must take into account that
miners will attempt to evacuate in groups when threatened by a mine fire.
Training for evacuations should take thisfact into account and includethelikely
group-related responses in any escape procedures.
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CHAPTER 5.—A MODEL OF THE JUDGMENT AND
DECISION-MAKING PROCESS IN MINE FIRES

Various aspects of judgment and decision-making are key themesin this book.
Themodel presented here servesasaloosestructurefor the chaptersthat follow this
one. The notion of amode is introduced because growing research interest in the
subj ective aspects of group and individua behavior hasled to adebate over whether
judgment is a skill that can be understood scientifically. A related point of
contention is whether such an understanding could lead to the development of
methodsfor estimating peopl €sability to make good decisionsduring an emergency.
There is some literature that supports the potential usefulness of this approach.
However, little agreement seems to have been reached on how to define and
operationalize even those basic concepts necessary to assess the soundness of
decisions from within their environmental and group contexts [Jensen and Benel
1977; Godden and Baddel ey 1979; Baumann and Bourbonnais 1982; Brecke 1982;
Stone et a. 1985]. A look at the real-world processis clearly needed.

Theneedto attempt abetter understanding of judgment and deci sion-making
properties stems from those occasions in the existence of an organization when
thereisalot at stake. The process of decision-making (which is part of the ex-
ercise of judgment) has been analyzed in situations such as corporate takeovers
[Janis and Mann1977], military combat [Begland1979], clinical emergencies
[Baumann and Bourbonnais 1982], and aviation events [Billings and Rey-
nard1984]. The fundamental assumption of these analysesis that, while there
are untold successes, there are also notable numbers of failures resulting from
decisions that can be ascribed to one or more errorsin judgment. From a cog-
nitive perspective, any person engaged in decision-making (either aloneor ina
group) isactively involvedinaprocesscharacterized by certainelements. These
werementionedin chapter 1, but arereiterated briefly at thispoint: (1) detection
of aproblem, (2) definition or diagnosis, (3) consideration of available options,
(4) choice of what is perceived as the best option given recognized needs, and
(5) execution of the choice based on what has transpired [Flathers et al. 1982;
Baumann and Bourbonnais 1982]. At any moment in this process, there are
factors a play that have a large impact on one's ability to solve complex
problemsinalimitedtime: (1) aninternal state[Hedge and Lawson 1979] isthe
sum of aperson's psychomotor skills, knowledge, attitudes, etc.; (2) uncertainty
[Brecke 1982] is caused by faulty or incomplete information received from the
external environment; (3) stress [Biggs 1968; Jensen and Benel 1977] is
generated both by the problem at hand and any background problem that may
exist; and (4) complexity, asit is used here, refers to the number of elements
involved that must be attended to. These variables are depicted in figure 5.1,
and their relationship to each other and to an outcomeisindicated. Thisschema
is designed to suggest interaction, because while the judgment and decision-
making processmay be conceptualized asdiscrete stages, experiencetel Isusthat
thisis not the way people function in real-world situations.
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Figure 5.1.-A model of judgment and decision-making.

The interactive model reflects underlying demands on decision-makers in
most life or death situations. Whether the individual is an airline pilot, afire-
fighter, anurse, or anindustrial worker, an emergency makesit necessary to deal
withan enormousamount of sometimesfaulty informationinarather short time-
frame. While (ideally) an understanding of judgment in the context of one event
should be generalizable to comparable circumstancesin different environments
[Jensen and Benel 1977], judgment theorists have typically limited themselves
to more specific approaches. The method they have most often used to examine
empirically a given aspect of judgment is usually some variation of the situ-
ational technique. In situational exercises, the subject is presented with a prob-
lem taken from his or her area of competence (aviation, for example) and is
given thetask of reaching aworkable outcome. A majority of existing exercises
appear to focus on either one of two elements represented in figure 5.1: (1) an
individual's ability to reach a satisfactory diagnosis once he or she has become
awarethat aproblemexists, or (2) aperson's choiceresponse after ascenario has
been laid out and the diagnosis provided.

Using Judgment and Decision-Making Skills in a Mine Fire

This chapter, rather than reporting the results of subjects' performances on
asimulated problem, discussesinstead how these eight case studiesdeal withthe
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complete process of peoples' judgment and decision-making during an actual
event (group escapes from aminefire). Throughout each episode, workers en-
gaged in an ongoing series of activities, some of which seem to have been well
thought out and others that (in hindsight) do not seem so logical. Yet, all the
while, they were attempting to solve the problem that confronted them. Such
behavior isin linewith much of the recent literature dealing with human actions
in fires, which advances the argument that people engage in adaptive behavior
based on choices made from among those perceived to be available at any
particular time during the occurrence [Sime 1980; Lerup et al. 1980].

Peopl e seemto exercisejudgment and makedecisionsduring afire, although
they oftentimes fail to perceive the fundamental problem adequately. Thisis
especialy true if they are focused on a task, or are having some type of dif-
ficulty. An act that appears irrational when viewed with the 20/20 vision of
hindsight, therefore, might have seemed, to the actor in that situation, the most
sensible thing to do. Unfortunately for those interested in reaching a more ob-
jective understanding of the quality of those decisions, choices are usualy
judged ex post facto depending on their outcomes. Accordingly, if aperson sur-
vives, he or sheis credited with making sufficient correct decisions and little
attentionis paid to poor choices; if avictim dies, most second-guessing focuses
on what he or she might have done wrong and thereis not much analysis of any
good decisions that were made.

The settings of this study seem particularly appropriate for an examination
of topics such as the quality of thought that goes into choices made during an
emergency. That is because mining lore is filled with accounts of tragic out-
comesthat could have been avoided. Many storiesrecount how escaping work-
ers advanced to within afew feet of smoke-free air, yet chose to turn back and
barricade, perishing in the end [Cole et al. 1988]. The rea question then be-
comes not one of whether the instrumentally "correct” choice was made (it is
known in retrospect that this was not the case), but whether those miners made
the best use of all evidence available to them in reaching the decision they im-
plemented. To put this another way, outcomes might not always be linked me-
chanically to the quality of choices. Thischapter will show how the qualitative
database is being used in the formation of a framework that ought to allow a
better understanding of miners' judgment and decision-making activities given
such a scenario.

Fire in the Mine as a Nominal Problem

In the model used here, a nominal problem is defined as an environmental
or system condition that can be characterized by the type of responseit requires
[Pew 1994]. Fire is one of those events needing a high level of "situation
awareness." Endsley [1988] hasidentified thisconceptintermsof itsthreemain
components: (1) perception of a situation's elements in time and space,
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(2) comprehension of their meaning, and (3) projection of anear future statusfor
the conditionin question. Endsley's notion of situation awarenessclosely paral-
lels two stages (problem perception and diagnosis) shown in figure 5.1 and is
discussed below as part of the judgment and decision-making process. The
present section offers abrief description of the nominal problem at each study
site.

Adelaide Mine

At 9:08 p.m. during March 1988, Adelaide's second shift dispatcher was
alerted by awarning of 10.5 ppm on the mine's carbon monoxide monitoring
system. This warning cleared almost immediately. A few seconds later the
same sensor (at the end of 2 Northwest belt) registered awarning of 11.5, but
cleared in less than 30 seconds. The dispatcher continued his normal duties.
Sometimeafter 10:00 p.m., athird-shift supply bossarrived at Adelaide'ssurface
facility:

| always go to work early, | did al my life. | reported to the mine and
I put my dinner bucket down, and | went out to the lamp house to get a
cup of coffee. When | entered the lamp house area | heard this beeping
sound. It was coming out of the dispatcher's shanty...I walked in and
what it was was the CO monitor...I want to know what's goin' on. And
they saysthe monitor's been goin' off and on, and wethink we got afire,
but we're not sure. Well, | said, was the crews notified inby the fire
area? Nowedidn't notify anybody yet 'cause nobody contacted us. So
| said you better start calling these crews and get them out of the mine
whether you know it's afire or not, you better get a hold of 'em.

At 10:30 | entered the mine. We got up there and they were aready
tryingto fight thefire. Wefought it for agood while and wekept losing
ground continuoudly. It just kept going way ahead of us.

Workers continued to fight the fire, which wasreported to bein or near thedrive
head of 2 Northwest's" mother" belt (seefigure 2.1), with small foam generators,
fire extinguishers, water, and rock dust. By that time, all section crewshad been
notified to evacuate.

Brownfield Mine

Around 11:00 one summer morning in 1988, a"fire boss" (mine examiner)
was in the process of inspecting Brownfield's No. 38 belt conveyor. This belt
receives coal from sections being developed off 6 West Mains section and also
transports coal from 6 West Mains itself (see figure 2.2). He had arrived just
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outby the"head drive" (terminus) of 5 South section'sbelt when hesmelled smoke.
Thefirebossfirst checked the 5 South belt head, and finding nothing wrong there,
walked approximately 600 ft along No. 38 belt to the 4 South head drive. At this
point, he detected smoke farther down the 38 belt toward the 3 South head.
Continuing along the 38 belt, the fire bosswalked another 200 ft to theworked-out
4 North drive area, at which point he encountered heavy white smoke. Retreating
back along 38 belt to the 4 South head, the fire boss entered the track entry of
6 West Mains, where the smoke was somewhat less dense. Thefireboss hurried
along the track back to the old 4 North area, and stopped at its head:

I could hear...arumbling like a—at first | thought it was the welder in
there burning something and something happened in there...l yelled
for...thewelder...| yelled about two or threetimesfor him and therewas
no answer...l run back over and | went through the overcast to go over
to theintake...which would be theright side of thetrack...When | gotin
there, the smoke was real thick in there too, and | couldn't see...So
| dropped down on my kneesand | turned around to get my W65 [filter-
type self-rescuer] off of my belt...\When | kneeled down, | could seethe
yellow door...So | hurried up and went over to the door, opened that
door and got out through there and | was in the intake then...I was
coughing around and it really burned my chest at thistime, so | probably
stayed there a couple minutes to get my bearings again and | went
down—I had to go to the intake to 3 South, so | run down the intake...
This is—we're talking 4% feet, so when | say run—I went down the
intaketo 3...and | came out onto the track and it was clear...So | run up
the track then to 4 South and there was...a high spot where they took
rock...The smokewaslike hanging there and it was clear outby the high
spot...The smoke wasreal thick, but along theleft rib, | could seewhere
there was no—it was clear...So | crawled up along the rib, stayed real
low, and | crawled up along the rib, cause | still thought [the welder]
was in there and...something had happened...l thought there wasaman
in there...| went up along the rib and | got my head around the corner
and | looked in and | yelled...a couple more times and | could see the
flames coming off the top—I could see that there was a motor sitting
there...| saw the flames coming off the top of the motor.

After seeing these flames, thefire boss disengaged thetrolley power by opening
a cutout blade. He then called to warn his shift foreman and those miners
working in each of the three sectionsthat would be affected by thefire. Thefire
bosswas soon joined by the mine foreman and general assistant mine foreman,
who helped himfight thefire. Meanwhile, thethree affected section crewswere
being warned to get out of the mine.
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Cokedale Mine

At sometime during an early morning in October 1990, aroof fall occurred
on one of the haulage tracks at Cokedale Mine. The operation differed from
most minestoday because primary coal transport was still done by rail. One set
of railswas used to moveloaded carsand adjacent tracksin aparallel entry were
employed for empties. Crossovers were located at intervals along the haulage
so that cars could be switched back and forth. It was at one of these crossovers
that alead motorman, bringing atrip of emptiesinto themine, saw smoke. After
alerting hisbuddy inthetrailing motor, thisworker dismounted and went to find
what he believed was a burning trolley switch. Thelead motorman had walked
only afew feet into that crosscut where the crossover and trolley switch were
located when he encountered heavy smoke.

The lead motorman retreated to his locomotive and attempted to clear the
track. Before he could push his 45-car train to the next crossover outby, power
went off and the motorman wasforced to park histrip ontheempty track. Atthe
train'srear, thetrailing motorman cut hislocomotiveloose and was able to coast
into the crossover and onto the loaded track. As he drifted down thistrack, the
trailing motorman saw a roof fall with the trolley wire under it and flames
coming from the caved material (seefigure 2.3). After calling outside to report
hisdiscovery tothedispatcher, thetrailing motorman grabbed afire extinguisher
from hislocomotive and went back to the burning cave-in. Near thefiresite he
met the lead motorman and these two workers attempted to fight the blaze.
Meanwhile, the dispatcher was busy notifying those miners inby the source of
combustion that smoke was coming their way and relaying the fire'slocation to
them. The affected miners began an immediate evacuation.

Perception of the Nominal Problem

There are two ways in which any warning about the existence of aproblem
may be conveyed to an individual: by means of someintermediary; or directly,
through the senses. In the first instance, a person is faced with the task of
deciding whether to believe the messenger and/or how to interpret the message.
In the second instance, a person is faced with the necessity of drawing
implicationsfrom what hisor her senses are revealing without benefit (in many
cases) of corroboration. Under both of these conditions, perception isaprocess
that involves a varying degree of uncertainty. The process also requires time,
during which a perceiver attempts to get a fix on the problem and begin his or
her diagnosis. A lot depends on situational factors. In the model depicted by
figure 5.1, these situational factors are shown as a context filter. There were
aspects of the context at each operation that had a distorting effect on how the
nominal problem was perceived.
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At Adelaide, thenominal problemwasafireonthe mother belt. Therewere
two factors confounding a grasp of the true situation at this site. First, on the
night the fire occurred, affected sections had been plagued all shift by belt
stoppages. Second, recent technological developments at this mine caused the
initial message to be mishandled. Several weeks prior to the fire, new sensors
had been installed near the mouth of 1 Right. Maintenance people doing this
work drilled holes in the tops of the sensor boxes and secured them directly to
roof bolts. That action seemsto have established some sort of ground potential
which was keyed by signalsfrom passing trolley motors. Thisground potential
in turn triggered alarms on the monitoring system outside. When the problem
was fixed by rehanging the sensor boxes, another predicament appeared. Some
sensorsin the areawere still giving false alarms. Further investigation showed
that new 19 gauge wire connecting those field data stations was defective. In
essence, because of technical problems, Adelaide's dispatcher had been
inundated with false alarms for some time preceding the event.

The nominal problem in Brownfield's case was the burning motor located
at 4 South, 6 West. A compounding factor, which no one knew at the time, was
that a door had been left open in the supply chute where the motor was parked.
This open door affected ventilation inby the blaze, and caused the smoke to
behaveinwaysthat the minersdid not anticipate. Becauseof their internal state,
made up in part by knowledge about how the ventilation system normally
functioned, these workers were led to misapply environmental elements in
making their diagnoses. The result was that many of the miners came to view
the problem as far worse than it actually was. Consequently, their decisions
were, in some instances, based on false assumptions and the resulting actions
were not as effective as they might otherwise have been.

At Cokedale, the nominal problem was a fire that started when fallen
material from the mine roof caused atrolley wire to arc. Although the person
who discovered thisblaze contacted Cokedal €'s dispatcher and reported what he
was seeing, initial communications were misconstrued. The reasonisthat with
trolley haulage "hot hangers' occur fairly often. A hanger is an insulated
support bracket that suspends the trolley wire from a mine's roof. When an
insulator deteriorates, the support pipe that extendsinto the top will heat up. If
there is head coal in the mine roof, this coal may start smoking. In most
circumstances, a hot hanger will be dealt with by disconnecting the power,
prying down any head coal, and replacing the hanger assembly. Thus, when the
dispatcher began contacting peopleinby thefire sourceand, accordingto several
respondents, initially spoke of "a hanger burning® no one was particularly
alarmed.

Thomas [1923] argued that people's actions generally depend on their
definition of the situation. It has aready been suggested that miners are
conditioned by both their physical and social environment to define situations
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in certain ways. Danger is a taken-for-granted aspect of underground work-
places. It isnecessary, then, for workersin such a setting to draw adistinction
between routine hazards and life-threatening occurrences. In other words, any
warning stimulus must make it through this sort of context filter in a manner
clear enough to cause a situation to be perceived as problematic. Mallett et al.
[1993] listed five characteristics of an effective warning: (1) it will be specific
about what the problemis(2) thewarning'svalidity isacknowledged, (3) it gives
the nature and extent of danger to those who are threatened, (4) thewarning will
beverifiable, and (5) it will contain some cuesto help people preparefor further
action. The paragraphs that follow will discuss how initial warnings were
received at the three study sites.

1 Right - Adelaide

On Adelaide's 1 Right section, the message that there was a problem came
by telephone. Both shuttle car drivers were cleaning up around the feeder be-
cause their belt had been running erratically and finally went down entirely.
They first heard someone on atrolley pager trying repeatedly to contact another
section. Then, the 1 Right telephone began ringing:

| said, "There'ssomething wrong, buddy...| better answer thetelephone.”
So | went to the telephone, | picked it up and | said, "Hello." Nobody
answered. So we waited there again to about fivetill [eleven]; thetele-
phonerung again. | picked it up and | said, "Hello...Who isthis?' And
it must have been the dispatcher because he told us, he said, "Y ou got
a fire on the belt, get the men out of the section.” | said, "This is
1Right." Hesaid, "Go get your men out of the section. Y ou got afireon
the belt."

The shuttle car drivers, joined by a bratticeman who had been helping them at
the feeder, set out to warn those workers at the faces. The bratticeman took the
left side, one driver went up the middle entries and the other took the right side
towarn 1 Right's miner operator and his helper.

The bratticeman found the two bolter operatorsin No. 3 entry. Since the
bolter was running, they had difficulty communicating:

Well, first we shut the machine off, because we couldn't hear him, what
he was saying, and then after hetold us...there was a fire—or they said
therewasafireonthebelt; that everybody wassupposedtoleave...| just
pulled my boom back and stopped everything, shut the power off, got
my coat and bucket, and went down to the load center.
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The shuttle car driver who had taken the right side first approached his boss,
who was making a preshift face examination:

| told him the dispatcher said an alarm went off and there was afirein
the mine and everybody had to get out. And he said, "Well, tell the
operators.” He went and kept walking along the face. | think at this
time, we still didn't think it wasafire. Wethought it wasjust an alarm.

Whether this attitude affected the manner in which the shuttle car driver
approached the operatorsis somewhat unclear, because herecounted that "1 told
the operator, 'There's afire in here, just back up and go.” Both men on the
miner, however, remember this warning somewhat differently:

One of the buggymen come running out, and he was like three
breakthroughs behind us. All he did, he just hollered up and said,
"Hey...back the miner up, we're going home." | said, "What's the
matter?' He says, "l don't know; all | know iswe're going out."

The miner operator and his helper, oblivious to the fact that an emergency was
developing, went through normal shutdown procedures and retrieved their
personal articles at the load center. They then strolled to the mantrip, where
everyone else was waiting impatiently to depart.

2 Northwest - Adelaide

Smoke, or the smell of smoke, arrived on 2 Northwest before the workers
could be contacted. One of the shuttle car drivers, who had prior experiencein
fireasaminerescueteam member, wasthefirst to sense somethingwrong. Like
the buggy operators on 1 Right, he and his buddy were not running because the
belt was down:

[While] we cleaned around the feeder, ...the other buggyman for that
night...was standing therewith ustalking and | told him, | says, "1 smell
rubber."...| looked down the belt, and I...smelled the smoke then, and
I immediately went into, | think it was 4 or 5 [entry]...into the face...
That'swherethe bosswas...and | told him..."We got afire or something
went wrong with that belt again...Are you going to call ?"...So he went
immediately to the phone and called, and he said..."Wegot afire on the
belt."

Both shuttle car operators went to warn those workers still at the faces. Their
bossremained by thetelephone. Whilethe miner operator remembered only that

68



abuggyman started flagging him and said "smoke," everyone el sewas clear that
they had been informed there was afire on the belt. All miners were also told,
they remembered, to gather fire extinguishers. Most of them did so and headed
to their dinner hole. From there, they boarded their personnel carrier for an
attempted trip out of the section.

3 Left - Adelaide

Workerson 3 Left reported that their section foreman wasnear thetelephone
and, when it rang, started to answer. It stopped ringing:

Then they rang right back again and he said, "Come on, let's go."
Everybody said, "Aw, we got to go down and shovel the belt..." Sowe
were moving kind of slow and disgusted. And then he yelled again,
"Come on—there's afire on the belt—let's go!"

Thebossnoatified all face workersand told them to back their equi pment out and
shut it down. Power was knocked at the load center and everyone went to their
mantrip.

4 South - Brownfield

On 4 South, at Brownfield, one of the shuttle car drivers heard the pager as
he was dumping aload of coal on the feeder:

Fire boss was on the phone...He says, "...There's heavy smoke coming
into the intake...get out of there as soon as you can—get those men
out..." | didn't even finish unloading the buggy...I just turned around on
the seat and went back up to the miner...the bolters were in there and
| stopped at the bolters first and | told them that there's heavy smoke
coming up theintake and we're supposed to get out of hereright away—
seeyou back at the power center—that's where the [ self-contained self-
rescuers] were.

When the bolters heard this warning, both of them surmised that it was only a
drill. They knew that asystemfor sensing fireswas being installed and assumed
that fire drills would be planned to test the new system. The bolters further
reasoned that the presence of an inspector on their section made a drill more
likely: "We had that inspector in thereand | thought it waslike afiredrill, just
to see how long it took us to go to our meeting place...get our equipment and
stuff...l. wasn't that excited about it." The shuttle car driver next went to tell the
miner operator and his helper, who "backed the miner back...[and] went back to
the power center."
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When the face workers arrived at their power center they found that the
section foreman, mechanic, and a Federal inspector had already gotten there.
These three were told about the fire bosss call. The section foreman had
realized that there was some sort of problem. He had accompanied the Federal
inspector and section mechanic to repair ascoop that was out of compliance and
parked in a crosscut outby the section's transformer:

I guess what was happening, smoke was coming up the intake and
everybody didn't realize it...it was going past us...we were so far back
into the crosscut...we were there working and | thought |1 smelled
something burning...l asked everybody if they smelled it and they said
yeah, they realized they did smell something...] went out to the
aircourse, No. 2 aircourse, and | could seethe heavy smokewas already
up there, so | just told them there was alot of smoke out there.

Thus, by the time the workers had assembled at the power center the section
foreman was able to corroborate the warning everyone el se had gotten through
anintermediary. What was lacking was any information about the location and
magnitude of the problem.

5 South - Brownfield

On 5 South also, the first warning was delivered by means of the mine page
phone. The call to this section was taken by one of the shuttle car drivers:

I heard them calling 5 South on the phone, so | went and | answered the
phone...They asked if the boss wasthere...| said yeah...so they said tell
the boss to get everybody out of the section because they had heavy
smoke coming...l did get alittle bit excited at first, and then I...called
back [to ask] them...where it was coming from...and didn't get no
answer.

Thefireboss'smessage, already inadequate, wasrelayed by the shuttle car driver
to his section foreman:

The belt shut off...[the shuttle car driver] come over and said that [the
fire boss] called and said there's smoke coming up the belt line...[the
shuttle car driver] didn't wait...| asked himisit bad, and he said | don't
know...He just said we was supposed to get out.

The roof bolter operator and his helper, deciding to take a break while the belt
was down, were the next individuals to be informed: "My buddy and I...were
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walking back to get a cup of coffee and the buggy runner [shuttle car driver]
hollered that there was smoke coming up." By the time the other shuttle car
driver received word of the fire, he had already been alerted by the smell of
smoke. He primarily wanted more information, which hisfellow buggy runner
did not have:

WewasloadinginNo. 2 entry...the belt went off...While[the shuttle car
driver] was answering the phone...| was over at the intake, and | could
smell the smoke coming in aready...So then [the shuttle car driver]
come through the crosscut and told us things...[ The fire boss] told him
there was going to be smoke coming and we better start out, but [the
shuttle car driver] didn't wait and see where the fire was and all that,
which he should have done.

It can be seen from these comments that the workers on 5 South, like those on
the other two sections, began their evacuation without an adequate perception
of the nominal problem upon which to base their diagnoses.

6 West Mains - Brownfield

On 6 West Mains section, where three people were working, the initial
warning came in the form of a page phone message taken by a maintenance
foreman. This individual was accompanying a mechanic and a State mine
inspector on an inspection:

"I heard thefireboss...and | recognized from hisvoicethat hewasreally
desperate to get somebody to answer, so | went to the phone...and he
said there was aminefire at 4 South, 6 West."

At that point, although the maintenanceforeman had beentold thefire'slocation,
he had no notion about its severity. Nor had the foreman gotten a chance to
reinforce the sense of desperation he detected in the fire boss's message through
the medium of his own senses.

Though he was predisposed to believetherereally was an emergency and to
act upon that belief because of the urgency he discerned in the fire boss's voice,
the maintenance foreman still "didn't really think....it was anything to...get
concerned about." Onereason he did not become concerned at thefirst warning
of fire was undoubtedly because of his internal state, which had been
conditioned by past experience with smoke in themine. The foreman had seen
"lots of minefires, small minefires...I've beenin where...beltsslipped and burnt
halfways off theroller and stuff likethat." Since smokeisfairly commoninthe
mining environment, minersdo not alwaysinterpret itspresenceasanindication
that immediate action should be taken.
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After hanging up the pager, the foreman first went to alert his mechanic.
This worker, because he was involved in the complex task that had made it
necessary for himto beonthissectioninthefirst place, wasnot paying attention
to what was going on around him:

I hollered to him from the phone and he didn't come...He said, "Wait a
minute..." and | went down to where he was and says, "Come on...
There's afirein the mine down 4 South."...He said, "Just a minute."

Telling the mechanic not to wait any longer, the mai ntenance foreman then went
into the belt entry to inform the State inspector: "He was over there at the
feeder, and that's the first sign of smoke that | seen was outby the check at the
beltentry." Thushavingthefirebossswarning substantiated, but still not know-
ing very many details, the men began their evacuation.

7 Butt - Cokedale

Initial warning came indirectly to 7 Butt when a construction foreman,
listening on histrolley phone, monitored talk between the lead motorman who
had been bringing in empties and Cokedal €'s haulage foreman:

| was sitting at old 8 Face and when he said about the trolley switch
burning | turned my light in the opposite direction, because the air
comes straight down...from the new intake aircourse and there was just
a solid wall of smoke behind me. So | called the dispatcher and told
[him] to get in contact with all the people in 8 Face Parallel and get
them out because all the smoke was going in on them.

The construction foreman then went into 7 Butt to alert a fire boss, two
mechanics, and four othersworking in the section. Because of the conversation
he had overheard, the construction foreman told those with whom he spoke that
atrolley switch was probably burning:

He...thought it was awirefire, you know, like atrolley wire. We have
alot of them down there, so you don't have to be worried about it too
much...Everybody took their time. So meand themechanics...eventook
the time to put the tools away.

This group, led by the construction foreman, elected to ride jeeps and a portal
bus out the track entry.
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8 Face Parallels

A general foreman waswith two men cleaning up aroof fall. Needing some
large reinforcing bolts, he had been scouting in the 8 Face area. After finding
the materials he needed, the foreman sent a worker to retrieve them. In the
meantime, he ate a sandwich and waited in the old section switch at 8 Face:

There's a phone there. | saw some smoke coming up the track entry.
| called the dispatcher...I said, "What we got here?...I'm getting some
smoke up in here." He told me at that time, he said, "Maybe a hanger
burning, or something."

The general foreman sent a worker into the 8 Face Parallels section to warn
everyone there and tell them to gather near hislocation. While he was waiting,
theforeman wasjoined by two motormen who were bringing aload of railsinto
thearea. In al, eight miners rendezvoused with the general foreman. These
men then attempted to walk out through their track entry.

In essence, miners in all eight groups received some sort of warning,
followingthediscovery of fire, telling them either that " smoke" washeaded their
way or that they needed to leavethemine. At this point, however, most workers
seemed to be acting "as if" there was a problem that required action, but were
not too concerned about their chances of getting outside: "Well, at first nobody
really thought too much of it, you know." It was not until their perspective was
challenged by an unexpected occurrence that the miners began to diagnose their
problem as a serious one.

Diagnosis

It isaxiomatic that peopletend to interpret eventsfromanormal perspective
aslong asthey can before starting to define the situation as abnormal [McHugh
1968]. This notion is illustrated by the initial misdiagnoses of those who
discovered the nominal problem at each study site. Adelaide's dispatcher, for
whom unreliabl e sensor readings had become routine, did not accord | egitimacy
to thefirst actual warning hereceived: "I took it asafalsealarm." Thefire boss
at Brownfield aso saw the event incorrectly when he initially encountered
smoke: "l stood up and | smelled smoke. | just kind of thought it was, you
know, maybe a bad roller, the belt was rubbing on the straps, or something like
that because we've had that before." The haulage foreman at Cokedal e seemed,
to those who overheard his trolley phone exchanges, complacent about the
problem hewasfacing: "I even heard himtalk to the people[outside]. Hesaid,
"Look in my locker or by my locker and get another trolley switch." This
tendency to normalize circumstancesalso carried over to theway inwhich those
inby the sources of combustion came to diagnose their situations.
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1 Right - Adelaide

Thecrew on 1 Right had their evacuation del ayed due to miscommunication
between a buggyman and the operators he went to warn:

We were just taking our good old time...There was no smoke; you
couldn't smell anything...It wasclear, youknow...l said..."Really, what's
going on?'...And [abuddy] said, "I'mtelling you, the placeis on fire."

Actualy, it was not until the workers encountered heavy smoke that they began
to realize they were in a potentially deadly situation. Group reliance upon
normalcy gave way at that point to a change in the way they construed their
condition [Kinston and Rosser 1980]. What had been considered a routine
evacuation became disrupted:

You could smell the coa actually, and we started pulling the self-
rescuers out and passing them around...Three guys run over to the
intake...and they were just—we were running, you know, here and
there..."What do we do—what do we do?'

Very soon, however, the workers began to take stock of their predicament. At
this point they were actively seeking information that would | et them make sense
of what was actually happening:

Common sense tellsmeif there's afire, chances are thefireis going to
beinthe belt entry. I'm also thinking if the fire isthere, the fire wants
to go for fresh air. It can be fueled by fresh air [in the intake]. And
| didn't want to go the belt entry...Let's get into the return and find out
what we have.

As the group's evacuation turned into an escape, everyone tried to fill
information gaps with guesses about the fire'slocation and how best to proceed.
The way in which they filled these gaps would have an impact on the perceived
options as their escape progressed.

2 Northwest - Adelaide

There was no initial question of whether something might be wrong on
2 Northwest; rather, group members became concerned with the extent towhich
something was wrong. On this section, even with the smoke that was present,
a few workers tended to downplay the seriousness of what their senses were
telling them. This behavior, normal for the early diagnosis stage, istypified in
a comment made by a bolter operator:
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| figured, well, with all the safety features that are supposed to be built
in this, they got a little fire down there and the smoke coming up and
they want usthe heck out of here, but | figured...we're going down with
fire extinguishers, | figured well ride down in a mantrip, come to it
and—we got thefire out, if there ain't somebody already down thereto
get it out. It wasmy feelings.

The least amount of minimizing was done by the buggy driver who had voiced
an alarm originally. This person was a former mine rescue team member and
had experience in smoke:

| started to get afire extinguisher off of the miner at that time, and the
smoke was getting pretty bad then. And so| said, well, to hell with the
fire extinguisher. 1'm going to, you know, take care of myself.

As can be seen, even where individuals had smelled rubber, seen smoke, and
heard their section boss confirm they had afire on their mother belt, there was
variability in how a diagnosis was reached.

3 Left - Adelaide

Like the bolter operator quoted above, one of the workers on 3 Left also
thought his crew was leaving the face to fight a manageable fire:

They said, "We got afire on the belt. Back the machine out and let's
go." Wdll, I just felt we'd run down and put it out. | didn't think there
was any real mgjor [problem], they said it was just a small [fire],
burning on the belt. Well, if that's all there was to it, we could have
took afire extinguisher, run down there in the mantrip [and put it out].

Whenthegroup encountered heavy smokethey becamedisoriented and lost their
way momentarily. Thisadded an element of uncertainty that made an accurate
diagnosis of their situation all the more difficult. That, combined with the fact
that they did not know wherethefirewas, prevented them from reaching aclear
picture of what was required for everyone to reach safety.

4 South - Brownfield

On 4 South, the workers had decided to travel down their belt, which was
isolated by stoppings from the intake and return entries:

| walked over to adoor in the belt entry and saw that it was clear air...
There was no smoke coming up the belt...I just run that belt on the day
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prior to this and | know the stoppings were intact...So the belt entry
should be clear if there was a problem in the intake.

Some of these miners expected to encounter light smoke in their belt line (be-
cause of apossible leakage through the stoppings). When thisindeed appeared
to happen, a diagnosis of the real nature of their problem was confounded by
stress induced from having to deal with a relatively unfamiliar breathing
apparatus:

We stopped and everybody knelt down and started putting their [self-
contained] self-rescuers on...when | looked over and saw the...miner
operator, that's about the first time | started getting a little worried
because he was shaking somewhat severely...and | just thought...we are
going to have trouble because he's having a hard time even, you know,
getting his self-rescuer cover off.

I got the machine on and started down there and | wasn't getting the air
that | thought it was going to give me...So | took the mouthpiece out...
you need to breathe and you're not getting what you're supposed to.

Focusing on these perceived problemswiththeir sel f-contained sel f-rescuers, the
workersdid not antici pate meeting heavy smokeduring their evacuation. There-
fore, when the miners did encounter dense smoke in their belt line, they were
presented with an extra (and unexpected) experience.

This new occurrence, however, was one that stemmed from their environ-
ment rather than from a piece of technology. It was this second event that
caused them to begin diagnosing their situation as very serious indeed: "l was
thinking, | remember distinctly thinking to myself, all thissmokearound...| can't
evensee...Y ou couldn't even seewhereyouweregoing." Choicesmadeby these
workers later in their escape, then, were based on the necessity of dealing with
apparatus that did not perform as expected in conditions the miners had not
foreseen.

5 South - Brownfield

The predicament of heavy smoke in areas that were supposed to beisolated
was al so unanticipated by the workers who escaped 5 South:

We turned around and we were going to go down the intake and we
didn't get more than 50 feet when we could see the smoke coming in
towardsus...one of the bratticemen said well get into thebelt line 'cause
it's neutral air...Everybody got up in there and...we only went maybe
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two, three hundred feet and the smoke was in there—the belt entry...
How it got in there, we don't know...We haven't figured that out yet.

This element of uncertainty stemming from alack of information regarding the
fire source was exacerbated by the workers' internal state. In essence, these
individuals knew enough about the mine's environment to understand that (as-
suming a properly functioning ventilation system) only alarge-scale firewould
cause contamination of all possible escaperoutes. "1 tell you, panic hit, believe
me...'cause all the teaching and training—everything—these are all supposed to
be separate splits...Well, the first thing that goes through your mind is
everything's burning.”

Once the miners determined there was not a smoke-free escape route, then
their particular knowledge of the ventilation system led them to diagnose the
problem as more serious than it actually was. Additionally, this misperception
about why the smoke was behaving as it did caused some of them to consider
giving up their escape attempt: "l sat down with those rock dust guys and
| figured...thisisit...| wasjust going to say goodbye to the world." The stress
engendered by their inaccurate analysis of actual conditions influenced the
workers' subsequent choices and actions.

6 West - Brownfield

Themen on 6 West Mainsbegan their evacuation knowingthat afireexisted
at 4 South and that there was some smoke already in their section. The
maintenance foreman did not diagnose this as a significant occurrence, though.
At the beginning, he had little concern regarding his chances of exitingthe mine
safely. The maintenance foreman held this notion up to the moment he ex-
perienced heavy smoke: "I've encountered smoke[in the minebefore], but noth-
ing like this." When the amount of smoke presented irrefutable evidence that
things were out of the ordinary, the maintenance foreman stopped defining his
situation in terms of past instances when he had seen smoke in the mine. Such
adense collection proved, in his opinion, that the present state could no longer
be diagnosed as commonplace. The maintenance foreman then began to per-
ceivethe scope of the evacuation problem differently: "Oncel seenthat smoke,
then | got pretty well shook.” His subsequent choices came to be affected by
that new viewpoint.

7 Butt - Cokedale
On 7 Butt, the construction foreman told all seven people in his area that

"smoke was coming in" and they would have to leave. Thisinitial warning did
not disturb any worker unduly, as one of the mechanics later recounted:
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We were going to have to get out and—that was about it. We would
probably be coming back in after they got the hanger, the little hanger
fire put out.

The group, riding in four different vehicles, had not traveled far when they
encountered thick smoke in their track entry. Three of the four vehicles, two
jeeps and atandem motor, collided because of poor visibility. The construction
foreman drew upon prior experience to reach a diagnosis of what faced them:

| set all the ventilation up down there, and | knew basically what was
going on with al the smoke. The intake escapeway would have been
full of smoke. So | told them well try to go out on power.

Everyone except three workers in the fourth vehicle, a portal bus, boarded the
lead jeep and continued on. After a short distance, however, those five menin
the lead collided with aparked vehicle. They and the minersfollowingintheir
portal bus were forced to choose an alternative plan that would entail escaping
on foot.

8 Face Parallels - Cokedale

Nine minerstried to walk out the track entry from 8 Face Parallels. When
they encountered heavy smoke on the track, they decided to get into their intake
escapeway. After traveling only a few hundred feet, they again found
themselves in thick smoke. There was little discussion at this point:

No, it was pretty much, you know, thisisout. Let'stry something else.
Well, naturally the next thing would be the return. So we decided totry
the designated return, at which point [the boss] did not know which was
the designated return.

The group entered their left return and went a short distance before discovering
they werenot in their designated alternate escapeway. By thistimethe workers
were diagnosing their problem as a serious predicament: "That's when it came
into my mind...We're in bad shape." This sentiment was echoed by the other
group members. The difficulty these workers had in finding their way at the
start of their escape had an impact on how subsequent choices were made.

In each case, such alow level of concern exhibited by affected minersat the
beginning of their evacuation was due partialy to uncertainty about the true
nature of theproblem. Thisuncertainty, stemming fromincompleteinformation,
allowed the workers to define their situation initially as normal (or at least as
nonthreatening). Further into the events, however, unexpected occurrences
began to challenge the miners' interpretation of their predicament:
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"We just [put on self-contained self-rescuers] and everybody seemed
fairly calm at the time, but then...we got down to the thick stuff...and a
sense of panic [set in]...we weren't told where the fire was."

Asit became impossible to interpret circumstances from anormal perspective,
many of the workersreacted and started to define the fire as perhaps worse than
it really was:

Y ou got one thing in mind—death—Dbelieve me...I was scared...l don't
think there was a man there that would tell you that he wasn't...I really
didn't think | would be here.

Essentially, ascan be seen, the minerslacked adequateinformation to accurately
assess the true nature of the problem they faced. Many workers' knowledge of
the environment and of how elements were supposed to behave in it combined
with their lack of information to mislead them. All of the individuals werein
danger, but the real danger was from smoke inhal ation—not, as some thought,
because their entire mine was burning.

Options and Choices

After completing the diagnosis of a problem, a person must decide which
actions, if any, must betaken. Thispart of the decision-making processcallsfor
recognizing and eval uating avail able options and then choosing an action that is
determined to be best given the circumstances. A number of variables impact
aperson's perception of particular choicesand their appropriatenessto hisor her
situation. Analyses of decision-making therefore must focus not only on the
objective outcome of each action, but also (and perhaps more importantly) on
choices that were made given the impact of elements influencing the decision-
maker. Thefollowing paragraphs outline how optionswere viewed and choices
arrived at during the three fires.

1 Right - Adelaide

When the crew from 1 Right, attempting to evacuate on a mantrip, had to
stop because of poor visibility, they were faced with limited alternatives. Three
miners tried to cross the belt entry to check their main intake. When they
opened a door into the belt entry, these men found it to be contaminated:

And| told them, "Whoa, whoa, wait asecond. If you got smoke on your
track and when [you] opened the door...I seen you have smoke on your
belt, you got smokein your intake." One of the other guys onthe crew,
...who was my buddy that night, says, "Why don't we go back to
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Peterson [shaft] acrossthe bleeder and comeout?'... They didn't want to
go back to Peterson...l says, "If you don't want to go back to Peterson,
then if you have smoke on your intake, we were always taught to get
into your return, and then keep checking until you see clear intake."

Thegroup decided their only option wasto get into their left return. They found
adoor and had to pry it open. Before entering this return, the face boss called
outside and told the dispatcher what they were planning to do. The crew then
started out in air that had not yet become smoky.

AsthelRight group traveled their return, they werefaced with several other
points at which decisionshad to be made. First, the smokethat had been coming
in their intake made its way across the faces and caught up with them near the
mouth of 8 Left:

So we put the SCSRson. Now one guy's SCSR wouldn't work, so [one
of the buggymen] gave him his spare one, and we started to come down
thisreturn. And we cameto these overcasts down here; you know, one
overcast we came on, it was hot and thick smoke was coming out. And
after looking at it, it wasthe belt that was going up to 3 Left, and | mean
you could feel the heat coming down it. [ The buggyman's] SCSR didn't
work and hetold me..."I'm not going through that. Mine doesn't work."

So, the buggy runner who had earlier given a spare SCSR to a buddy, now
having problems with his own, balked at crossing the overcast:

I made the decision | couldn't go in this smoke...I was like the third,
fourth onein line...and we went into that smoke and | couldn't breathe
and | wasgagging onthat self-rescuer. | couldn't breatheanything at all.
I don't know if it was psychological or what...I came back out...I did
know where | was because...I'd worked in that area a lot...The other
overcast that we just went over was over the intake...So | went back...
I went into the door and it wasn't too bad...And | thought I'll go down
this way, but then | said, no, if | don't go out with them guys, | know
they'regoingto belooking for me. If they get out, they'll belooking for
me and they'll think I'm lost. So | better go out with them guys. So
I went back into the return again...| went over an overcast where the
smokewas. | went over top of the overcast in the smoke and | couldn't
breathe... They were already gone through there. | couldnt see—
I couldn't tell where they were because you couldn't see anything over
there...| can't breathe. I'm going to die here, and | don't want to die.
I don't want to die here. Back into that intake again...So | went...over
the stopping—over two overcasts there and got into the intake
escapeway at 2 Northwest.
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The rest of 1 Right crew continued out their return until they came to a door
leading onto 2 Northwest track at crosscut No. 10. At thispoint, they discovered
the shuttle car operator was not with them, and were faced with another
decision:

When we got outside that door, and it wasjust fresh air, and everybody
wanted to take off, that's when | told them..."Hey, [the buggyman] is
back there, his self-rescuer didn't work; he didn't come through that."
So that'swhenwewent back in...Y ou're not supposed to doit...They tell
you not to do that...But wefelt, you know, when you work with abunch
of guys, you becomeclose...And[the miner hel per] told theboss..."Hey,
I'm not leaving." Because the boss said, ..."Hey, let's go"...you know,
and [the miner helper] said..."We're not leaving [the buggyman]"...and
then we started going back in.

The buggyman, meanwhile, had travel ed the 3 L eft intake escapeway to an area
outby thefire. It was some time before the crew got back together.

2 Northwest - Adelaide

Choices required of the 2 Northwest group were affected by the fact they
had two experienced people with them. Their face boss knew the minewell and
one of the shuttle car operators had been amine rescue team member. Whenthe
crew entered heavy smoke on their track, a decision was made to stop the
mantrip:

The guy that was driving stated that he didn't think we'd better go any
more, so that was more or less ajudgment call. We could have gone
down theline—you could have put your rescuers on and you could have
kept going out [on] the mantrip, but the pole...would have been off...|
don't know how many times, on the way out, that the poles were
jumping pretty frequently going out of there...So...we stopped the
mantrip and got therescuers, took those and went back up to the section.

On the way back into their face area, the former mine rescue team member
helped everyone put on a self-contained self-rescuer:

Thistime we got everybody together and [the face boss] said, you take
theback, I'll takethefront. Don't let anybody in back of you, you know,
and well keep everybody together.

The face boss |ed the group toward their intake escapeway. At the entrance to
this entry, crew members took additional SCSRs that were stored there. Then,
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grouped together with their face boss leading and the shuttle car operator
bringing up the rear, everyone proceeded out the intake escapeway. After
traveling 500-600 ft, the group encountered dense smoke. The face boss then
decided to enter the right return, which was adesignated secondary escapeway:

Every 3-by-3 door, [the face boss] would go check...We done this for,
| counted, my calculation was 55 breakthroughs.

When the men reached the No. 3 stopping, which was outby thefire, they found
theair to beclear. Finaly, theface boss saw the shift foreman and notified him
that everyone from his section was out.

3 Left - Adelaide

A section foreman and nine crew members were on 3 Left, which was a
retreat section. The group started out on their mantrip. After traveling "four or
five breakthroughs,” they entered smoke. At that time they made a decision to
backtrack toward the face and get into their primary escapeway. The group
walked two breaks and found a door leading into their intake escapeway:

So we went down the intake approximately, oh, | don't know, maybe
seven or eight breakthroughs, it's hard to say the number right now, but
it wasn't very far. And we were getting a lot of smoke in there and it
was rubber smoke. Y ou could smell it just as plain as could be; it was
abelt burning.

A decision was then made to get into the alternate escapeway. The group had
not gone very far in this return entry when they again encountered smoke. At
this point the SCSRs were donned:

I remember thinking to myself, | said, "Thisisstupid, | know better than
to walk through smoke without putting that thing on because you don't
know how much CO'sinit." And that's when we stopped and put them
on. And then, we kept on going out of the return. We got down to
where our overcasts was and there was an overcast there that we
couldn't cross. It was leaking so bad, and the smoke was so thick we
couldn't get over it.

The face boss, deciding to get back into the intake escapeway through adoor in
the overcast, became disoriented temporarily:

And then we had to have a little team meeting there. We knew there
was an intake; the intake escapeway was till in that area if we could
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find theright door to get into it... The subject of barricading was brought
up, but that's—what are you going to barricade if it's full of smoke
everywhere?

After figuring out the proper direction of travel, the face bossled everyone over
the overcast and out their intake entry. One of the roof bolter operators began
having trouble, presenting the group with another decision:

When [the roof bolter operator] went down, we was all single file and
| was last...I noticed no one turned around at that point...I spit out the
mouthpiece and | hollered as loud as | could...And only two people
come back...It made a mean feeling in me that it was every man for
himself at that point on.

Approximately three crosscuts from clear air, the group met Adelaide's shift
foreman, who had been traveling the entry looking for them. He helped
everyone get out from there.

4 South - Brownfield

The miners escaping from 4 South were troubled by some elements that
coloredtheir abilitiesto makedecisions. Awarenessof past minedisasters(such
as arecent fire at Utah Power and Light's Wilberg Mine, in which 27 miners
died) revealed to these workers how deadly a mine fire could be. Such
knowledge made any uncertainty about the scope of this fire even more
problematic:

We all encountered a panic situation where we didn't know where the
firewas, we didn't know the extent of it, and my personal thoughtswere
that it wasaWilberg disaster, and that'sall that wasin my mind...Where
isthat smoke coming from? How bad isit? Well, | panicked...I know
| did, I'l admit it...Everybody, | think, did.

A complex background problem also hindered an efficient escape. Althoughthe
miners had received training on self-contained self-rescuers, few had any actual
experience wearing the apparatus. During their escape, they found the device
was difficult to breathe from and made communication almost impossible:

I was with [the miner helper] and [he] was having very difficult
breathingthroughit...Hewasgaspingfor air...[ Theinspector] wastrying
to help [him] breathe...And then with the mouthpiecein, it'sreal hard to
communicate—you can't hear one another...Some of us took the
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mouthpiece out to try to speak and then to even breathe...It was so hard
to breathe through that mouthpiece.

In addition to not knowing the location and extent of the blaze in their mine,
these side issues were on the workers minds as they attempted to determine
options available and to choose the best course of action for themselves.

One miner had so much trouble that assisting him became, in itself,
abackground problem that had to be dealt with, as evidenced by three different
perspectives:

Miner helper: The smoke started getting pretty thick...Y ou couldn't
really see where you were going and | was having a lot of trouble
getting enough air...I'd go aways and I'd stop and a couple guys [stayed
with me]...l was pretty shook up; | guess | panicked and alot of stuff
went through my head...Hell, you didn't know whereit wascoming from
or anything...Finally...I just couldn't go anymore.

Inspector: | couldn't get him back up again...He looked at the
mechanic...I saw him look at the mechanic and he said, you guys go...
Youjust leavemehere...| can't go nomore...I'mjust goingto stay here...
I looked at the mechanic and | said | got to go...thereis no sensein me
staying...I can't breathe now.

Mechanic: | didn't know my way out of there...l lost all orientation...
| knew my way out, but | forgot...It was just a panic thing...I thought,
well, [the miner helper's] not going to make it, I'm going to try and get
out...| was only about a hundred foot from [the miner helper] when
I came through the overcast and | opened the door and | saw No. 7 and
I thought [wrongly], good, this is fresh air...I thought well I'm going
back in to get [the miner helper].

Essentially, facing so much uncertainty about the fire, the miner helper gave up
because he had projected a worst case scenario in which the crew would have
to travel through smoke all the way out of the mine. The inspector, convinced
that his self-contained self-rescuer was about to fail and forgetting that he was
carrying a spare under his arm, wanted only to get out of the section. The
mechanic, believing himself to bein No. 7'sintake aircourse, concluded that he
had | eft the miner hel per only some 100 ft from safety, athough the distancewas
actually much farther. Based on hisincorrect estimate, the mechanic decided to
go back for his buddy. In redlity, al three men based their actions on
assumptions that were false when, if the facts had been clear, they might have
made other choices.
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5 South - Brownfield

The old adage that "alittle knowledge is a dangerous thing" seems to have
aparticular relevance when it comes to perceiving and assessing one's options
at specificmomentsinaminefire. Other times, however, alittle knowledgecan
be rather beneficial. As can be seen from the following comment about the
escape from 5 South, prior experience in an environment may afford a sound
basis for simplifying an individual's application of some elements in the
judgment and decision-making process:

I know onething | had going for me, when | first went up into that unit
it wasn't 3 days after that | went down the return with one of the
bosses...So if somebody had never went down it at al...I'm surethey're
probably more uptight about the situation than | was...At least | had an
idea where | was going...and then another good thing, we had
bratticemen with us and they knew their way down through there, and
the boss was there too.

Additionally, an ability to place thecrisiscognitively in one's surroundings can,
by reducing uncertainty, foster a positive attitude:

So we went and then we run into two other guys coming down...and
then they told us where the fire was at...4 South sidetrack where the
motor was setting...So then we had an idea how far we had to go, so it
took alittle bit of pressure off ‘cause we knew we was goingCwe had
apretty good chance now.

When knowledge acts to minimize sources of stress, therefore, it need not be
comprehensive to have a positive function.

6 West - Brownfield

Choices made during the escape of those three workers on 6 West Mains
were affected by stress along with any knowledge and skills brought by each
worker to the situation. The heavy smoke they encountered created stress by
impeding their ability to see and by forcing them to use relatively unfamiliar
oxygen-generating breathing apparatus. Thisinturnledtoalevel of anxiety that
hindered clear thinking:

| got downto 5 South...and couldn't find my way...the door wasn't there
where | knowed there was a door...but | mean, | didn't waste no time
hunting...Whenever | walked past and couldn't see the door or fed it,
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I didn'tCI went back the next day and the door was there.

The miner's knowledge of hisenvironment told him adoor should be at agiven
location and that he ought to go through it in order to continue his escape.
Because he could not find this door, the worker had to discover an alternative
route. Inthisinstance, then, prior knowledge (of the door'slocation) was not an
element that was applied to aid the worker's evacuation.

In the maintenance foreman's opinion, cognizance of 6 West Main's
designated escapewaysmay actually have been misapplied and consequently had
anegative effect on decisionsthat were made during his attempt to evacuate the
section along with his two coworkers:

You try and pay as much attention in class as you can on your escape
routes and stuff, and | guess | panicked a little bit when | seen the
smoke in the belt line as heavy as it was...| could have went...back...
and...over and...down 6 aircourse and been scot free of everything...
| wouldn't have even needed to don my rescuer...But...you'retrained to
follow your escape routes.

Although the objective outcome of considering only designated escapewaysis
known (all three individuals on 6 West survived), it did limit those options
available to the escaping miners. As for the possibility that these men, in
adheringrigidly totheir training algorithm for mine evacuation procedures, may
have overlooked a better route of travel: "I know if it ever happened again,
I would explore...al routes of exit before | made areal quick decision.”

7 Butt - Cokedale

The decision-making on 7 Butt was done by the construction foreman, who
possessed a great deal of "mine wiseness" and who took charge immediately:

That was one of the thingsthat | had to commend the peoplefor. | was
aforeman in charge of that area, and when | said to these people what
we had to do, there was no second-guessing my decision. These people
were counting on my knowledge that this was right and there was no
second guessing it. | had no problem with these people as far as my
decision.

The construction foreman reported that he knew evacuation would be necessary
as soon as he saw the amount of smoke that was coming down their fresh air
intakes. Hethen had to choose between going into 7 Butt or 8 Face Parallelsto
warn workers that they were in danger:
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And | made the decision to go into 7 Butt to get these people because
they werefar enough away from communications that somebody would
haveto go and recover these people and being that | wasthere, | wasthe
one to go and get these people and get them out...But the dispatcher
could get in contact with [the 8 Face Paralel] people and tell them
that they had to evacuate because of the amount of smoke that was
comingin.

As mentioned previously, the construction foreman attempted to get everyone
out in vehicles. Looking back on that choice, he reported he would have taken
adifferent option if he could do it over:

As| brought these people out, we would have stopped when we got to
the smoke, and at that time everybody had their SCSRs on and then we
would have walked...l don't know if | told the dispatcher or not that
| was going out the return escapeway to Crystal. But | would have been
alittle bit more organized the next timeasfar asmy...communications...
to the surface, my travel, and how many people | had with me.

One reason the construction foreman made some decisions at the smoke that he
later second guessed himself on was because of asignificant background factor:

| was anticipating the trolley switch burning out. There's quite a bit of
smoke with it..and | was assuming that if the trolley switch was
burning, fromwhat | heard...that would bethe main concentration and...
we would go through here. And it was like second-guessing instead of
coming to the smoke area, getting together, and then walking out.

Oncethegroup got into their return escapeway, the construction foreman began
checking mandoors|eading to the track entry. Hedid thisin order to determine
when they had reached clear air. Upon getting outby the fire, the construction
foreman called outside and arranged for hiscrew to be picked up and transported
to the surface.

8 Face Parallels - Cokedale

L ack of knowledgewasanimportant factor in perceived optionsand choices
that confronted the group from 8 Face Parallels. Initially, the nine minersthere
tried towalk out their track entry. Inashort time, however, they hit smoke and
had to make another choice. A general foreman who waswiththiscrew decided
the next option should be to go out their intake escapeway: "You're always
trained intake, track, intake, return. | tried track, that wasno good, tried intake."
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The problem was that this intake did not extend to the shaft bottom. The only
person who seemed aware of thisfact at the time was a trackman who had been
delivering aload of rails to the area. He was unfamiliar with that part of the
mine, however:

| waslike the most greenhorn out of the group, so I CI pretty much kept
to myself what my thoughtswere. The game plan [was] that they were
going to walk out the intake. Now at that point, | can't say how | knew
this, | obviously heard it from somebody at some point and it stuck with
me, but | was told that...the intake went out onto the track. According
totheold laws...they didn't haveto [take] it to the shaft...And that stuck
with me, and when they decided they were going to walk the intake,
| specifically said to [the general foreman], "We can't go out theintake.
That's just gonna take us right under the smoke." No, we'll walk the
intake. Well, you know anarchy can't reign.

The group proceeded about six breaks in their intake and encountered heavy
smoke again. At that time they decided to return to the face and try to go out
their secondary escapeway. At the section loading point, another mistake was
made. Because of stress and unfamiliarity with the section, the men entered the
wrong return. After traveling a few breaks, someone realized there were no
reflectorsindicating that thisentry was an escapeway. The group wasforced to
backtrack in order to reach the correct entry.

On their way out in the alternate escapeway, group members faced other
choice points. When they reached their section regulator, it was decided to stop
briefly. A genera inside laborer, who had once been a maintenance foreman,
suggested to the general foreman that the two of them investigate conditions
ahead. Leaving everyone else at the regulator, these individuals went a few
hundred feet on. When the smoke becameworse, the general foreman expressed
reservations about continuing that way:

Hesaid, "We can't lose the smoke thisway." | said, "I know...we have
to go through this—go out the return. Smoke, no smoke, or whatever,
we can't keep changing our minds—we'll be here forever." So he
agreed.

The general inside laborer then went back to get those workers waiting by the
regulator. Some of them were already discussing whether to put on their filter
self-rescuers (FSRs) or don their SCSRs. The genera inside laborer and a
mechanic donned self-contained self-rescuers. Everyone else put on their filter
devices:
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Wewere awaystrained [that] at thefirst sign of smoke you should [put
onyour SCSR]. At thefirst sign of smoke| didn't put it on because, you
know, they were saying fairly confidently that it was probably just a
hanger burning...[Later] the instances that | pointed out...led me to
believe that this man wasn't going to get us out of therein a safe period
of time...Y ou have an hour with that SCSR. Not knowing where | was,
that'sthe reason | didn't put it on immediately.

The group traveled for some time until the filter self-rescuers became hot. At
that point, the men knelt in a circle and donned their SCSRs. They then
proceeded outby in the return, checking through mandoors for fresh air.

It seems from the preceding comments there were two factors that had a
disproportionateimpact onthe choicesminersmade. Thefirst wastheir internal
state, specifically their knowledge (or lack thereof) regarding how elementsin
the environment were supposed to fit together. While all of the workers
generally understood what it means to have the haulage belt on aneutral split of
air, for instance, few seem to have considered the possibility that something as
simple as an open door, rather than a raging blaze, could explain the
contamination of thisair. Inthe samevein, although the minershad internalized
an awareness of what their self-contained self-rescuerswere supposed to do, not
many were prepared for theactual experienceof breathingwith one. Thesecond
factor influencing the miners choices concerns the amount of uncertainty
stemming from a lack of adequate information. Those workers who did not
know thefire'slocation, or its source, wereinclined to believe theworst. Their
choices tended to be based on a perceived need to travel some mileswith close
to zero visibility before the oxygen in their apparatus ran out. For the few
miners who had been told where the smoke was coming from and what was
causing it, the goal was simply to get outby some point inside their mine.

Actions

Once a choice is made it then can be executed. Any action taken by an
individual or group therefore has real consequencesthat are frequently used by
others as a basis for an analysis of the quality of this choice. The actual
decision-maker, however, aware of all those factors that affected the process,
may evaluate hisor her choiceusing different criteria. Thosewho escaped from
the three fires discussed options they exercised and reflected on the quality of
their actions.

1 Right - Adelaide

The first action taken on 1 Right was a delayed one: "The phone was
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ringing but we never answered it, you know, because usually the boss would
takecareof that." Thisdelay, combined with the holdup caused by a subsequent
miscommuni cation between the buggyman and miner operators, could have had
severe repercussions:

Another 5 minutes and we wouldn't have been able to come out the way
wedid becausethat overcast did go and collapse. We'dhavehadtofind
another route out of there. And it was already 45 minutes...I only had
15 more minutes on that self-rescuer because they said it only lasts an
hour. And we were just fortunate.

A second significant action was when the crew abandoned their mantrip. The
miner operator discussed an option that occurred to most of the groups but was
not executed successfully by any of them:

If we had known, we probably could have put the self-rescuer on [and
ridden] out in the mantrip. But then we thought about that, and when
you haveaminefire, you're[liberating] other gasestoo, and the pole on
this [mantrip] always jumps off. And what we were afraid of is [the
pole] jumping and aspark and having an explosion. Y ou know, wewere
alittle concerned about that.

In view of these concerns, therefore, the group explored their possible choices
and decided the best course of action wasto go out their left-side return airway.

A heroic but ill-advised action was undertaken when the crew reached fresh
air and found one of the buggymen missing. A bolter operator, the miner helper,
and a bratticeman volunteered to go back and look for him. The miner helper
borrowed the face boss'slight so he could tieit to awater linethat ran in the | eft
return. Thislight wasto indicate the point at which the three men should make
aleft turn to find the door they had come through. Leaving the bolter operator
at the water line, the miner hel per and bratticeman continued on to the overcast
where the buggyman had separated from the group:

When | got to that overcast, as soon as | was going up on the
approachway, you could just feel something collapse. | mean, the
smoke, you couldn't even see your hand in front of you.

When the overcast blew out, the bratticeman, who had been holding onto the
miner helper's belt, drew him away from the approach. The two men then
retreated back along the water line, running over the bolter operator inthe dense
smoke. All threeindividualsthen crawled until they saw the light they had tied
to the water line. They turned left into the break and went back through the
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mandoor to fresh air.
2 Northwest - Adelaide

Perhaps the most significant action on 2 Northwest took place at the
beginning of theminers escape. Thefacebossquickly assigned theformer mine
rescue team member to bring up the rear as everyone traveled out. The boss
stayed near the front and tried to keep the men from walking too fast—atactic
that was appreciated by the utilityman:

No, hewas like in back of me there and we just—we all stuck together
real well. You know, if | got too far or [the bratticeman who] was with
me, he'd get out in front of me and if we got out too far, the boss or
somebody just said, "Take a break." And the one guy was having
trouble and he said...that he needed to rest some, and we just stopped
and rested with him.

Becausetheface bossdid not know thefire's exact location, he would open each
door in the stopping as the group progressed. This offered the workers another
opportunity to stop and catch their breath. Overall, as the data show clearly,
2 Northwest had the most orderly escape of any of the eight groupsin thisstudy.

3 Left - Adelaide

It was mentioned earlier that some of the 3 Left crew balked at crossing the
overcast at 3 Left junction. The face boss decided to get back into their intake
escapeway through adoor inthe overcast. At that point, according to the miner
helper:

We got confused and we started going back into the section till werun
into the first door, and we just made a complete circle and come right
back to that main overcast again...He made aright instead of aleft the
first time.

Theboss, coming through the door again, knew which way to go the second time

because he stopped amoment to feel the air current on hisface. "Oncewe made
the left, we were in good shape.”
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4 South - Brownfield

On 4 South the seven miners and one Federal inspector started their escape
by going down the section'sbelt entry: "[The boss] had noticed there was some
smokealready coming up [theintake] and they figured thereturnwould befilled
up too, so we couldn't go down [that] way...So they figured the belt would bethe
best way to go." At the beginning of this evacuation, all eight individuals were
hurrying along the belt. Not al of these workers, however, had the ability to
keep up this rapid pace. Therefore, two groups were formed. The section
foreman went ahead in order to keep up with three workers who were moving
rapidly, leaving the inspector with slower members of the crew. This second
group was also divided as one person in it continued at a slow but steady pace,
essentially escaping alone. Those left behind were the miner helper who had
been having difficulty, along with the mechanic and inspector who were trying
to help him. Finally, these two individuals left the miner operator as well.

As was indicated previously, the mechanic, believing that he had entered
4 South's intake aircourse only a short distance from where he had abandoned
the miner hel per, went back after him. The mechanic and section foreman, who
had by this time also returned, assisted the miner helper to the track entry. All
members of the crew then continued outby the burning motor.

The interview data show widely divergent opinions about the
appropriateness of 4 South workers' actions during their escape:

The one thing we did wrong, it come out that we was two different
groups of four...We kind of split up and got ahead of each other.

I didn't want them splitting up...l was glad that the inspector was there
because | felt he's going to watch [the slower] people and I'm going to
watch the other group.

It'snice if we could have stayed together...but nobody knew where the
firewasand everybody wastrying to get out asbest they could...It didn't
bother me that | was | eft behind.

Actualy, [having the whole crew stay back with the slowest person|
might have been worse...Everybody fumbling around...[The others]
weren't ableto seethismanin, | guesswhat you'd call a panic state and
maybe that's good for them.

Itisinteresting that thefirst statement, implicitly critical of someminersleaving

others, was made by aworker inthefirst group out. Thelast two quotes, which
suggest that leaving was at |east understandable, were taken from minersin the
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slowest group. Duringtheir interviews, most of theindividualsfromthissection
reflected at length on their personal decisionsto leave (or not to leave) others
behind. Obviously, the choices made by each miner were arrived at within a
context of extreme stress:

It did cross my mind a couple of times that we should be sticking
together and come out asone group...We had one man that sat down and
didn't want to go any further and there was four of us ahead...There
could have been four extra guys to at least help the guy, something...
Y ou never know what you're going to do until you getin asituation...but
definitely we should have stayed together.

I didn't want to go to the head of the pack—I wanted to stay and know
where my people are...That was my first concern...l just didn't like the
idea, but | didn't want [the faster group] taking off the way they were...
| can't Sit on them al...So long as [the inspector] would go with that
group, 1'd go with the faster group.

I'm back herewith thisguy and he'shaving al thistroublebreathing and
now I'm having troublebreathing...there'sno sensein mestaying...l can't
breathe now...I know where I'm at...I can send somebody back...I'll go
out and get somebody...If it's only to the main track, there will be
somebody, | hope, out there...l can send them back and | know exactly
where you're at.

Ascan be seen fromtheir accounts, thetrip off 4 South wasvery problematic for
these workers. Even though everyone lived through the experience, there was
little consensus as to whether or not the best choices had been made.

5 South - Brownfield

Like the miners on 4 South, those in 5 South crew began their evacuation
down the belt entry: "We said we couldn't go down the intake because that's
where the smoke was coming from...So everybody decided to go down the belt
line" These workers, who stayed close together throughout their escape, con-
tinued along the belt line until they hit heavy smoke and then crossed into the
return aircourse. They traveled down the return entry, checking through doors
for clear air asthey went. At one point they finally detected fresh air, crawled
through this door, and it led them out onto the track.

Anofficial investigation was conducted after the blaze. Inthisinquiry there
was some criticism of the workers' choice of escape routes. The belt entries
traveled by those miners from 4 South and 5 South had not been designated as
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either primary or secondary escapeways. TheFederal inspector who escaped the
fire addressed this criticism during his interview:

It had been suggested through the course of theinvestigation...that we...
didn't...follow the proper escape proceduresbecausewedidn't utilizethe
return aircourse as an alternate escapeway...| promptly informed this
person...you had smoke coming up the intake, there's only one way for
that smoke to go and that's back down the return...the first thing | did
was check the belt...and the belt wasclear...So | know the belt entry had
permanent stoppings...I had no reason to believe that that belt entry
should have been contaminated.

While the correctness of these miners' actions can be questioned, the inspector
was sure that, given his situation, the best escape route had been taken.

As was also suggested during the investigation, there may have been an
escape route for 5 South that was objectively better than the one they chose:

From what we were told...instead of going down the return, we could
have went up...Being [the fire was in] 6 West Mains (which we didn't
know at thetime), we probably would have been better off going up the
hill to 6 West Mains and across.

Thisminer agreed that, with the advantage of hindsight, a better route of escape
might have been chosen. He went on to note that decisions being made by the
minerson 5 South during their escape were executed with incomplete informa-
tion about the fire and the condition of the mine. So, without the luxury of
prescience, the workers used their best judgment.

6 West - Brownfield

After picking up their self-contained self-rescuers, thetwo minersand State
mine inspector who were working in 6 West Mains began their evacuation:
"l was going to ride the jitney out of there, but [the inspector] wouldn't let us, so
we went on foot." The men started down 5 South's intake aircourse, walked
approximately 50 ft and hit thick smoke: "When | turned around and said we got
to go back, [the inspector] says no, and | says you can do what you want to do,
I'mgoing back." All threedid backtrack, entered the return, and continued their
retreat out of the section until they came to an overcast where the miners from
5 South were encountered: "then| wasrelieved alittle bit because | knowed that
bosscomingwith that crew wasreal familiar withthemine." After crossingthis
overcast, the miners began hunting for a door that would take them into the
intake aircourse. One miner from 5 South called and said that they had just
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passed adoor. Everyone returned to that door, went through it, and eventually
got into clear air.

During their interviews many of the miners speculated about the State
inspector's decision not to permit use of the jitney in the evacuation of 6 West
Mains section. Even though the inspector based his actions on the knowledge
that a mine fire can liberate potentially explosive gases and that these gases
might beignited by an electrical motor, therewasstill extensive debate centered
upon whether or not the people on that section should have ridden out.

One of the miners who had been on 6 West Mains and who had complied
with the inspector's directive not to ride out, thought that the decision was
neverthelessapoor one: "l know onething, if it ever happens again and there's
somethingtoride, | don't giveadamn who—they can do with mewhat they want
when they get me outside, but I'mriding.” Later intheir escape, when thethree
men hit heavy smoke, this miner refused to regard the inspector'sinitial refusal
to backtrack and enter the return aircourse: "l said, 'Y ou can follow me or do
what you want." At that point | didn't give a damn who followed me or who
didn't, | was getting out of a heavy concentration.”

Eventhough it meant retracing their steps, theworker considered goi ng back
in order to enter the return an appropriate choice:

When | encountered the really heavy smoke...We could have probably
made it down through there...I'd have probably madeit just as quick or
quicker...because| [backtracked] and then we went further down [past]
4 South to come out [into fresh air] than | would have if | [had stayed
in] theintake...But I'm glad | went the way | did because we might have
went down further and encountered smoke...you wouldn't have knowed
where you was at...you might have went in circles.

While analyzing his actions, the miner pointed out that because of uncertainty
about the true condition of hisintake aircourse, he had to assume that smokein
this supposedly smoke-free entry meant there was possibly fire aswell. The
thought that they very well might "run right into the fire" is what made this
worker seek alternative escape routes once he and his companions encountered
smoke in their primary escapeway.

7 Butt - Cokedale
The group from 7 Butt intended to ride out in vehicles. A mechanic, who
was in the lead, stopped his jeep as soon as he encountered heavy smoke and

began putting on hisself-contained self-rescuer. The constructionforeman, who
was following, collided with the stopped jeep. This caused the wireman who
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was riding with him to lose his cap, cap lamp, and battery. A general inside
laborer, who was operating atandem motor carrying himself and atrackman, ran
into the foreman's jeep. After retrieving the wireman's cap and other gear, all
five men boarded the mechanic's jeep and continued. They had not gone far,
though, when they collided with an abandoned locomotive. This time, the
wireman lost his cap, cap lamp, and battery for good. He then had to be hel ped
by the others. Thisis the point at which these members of the group got into
their return. They then waited for three people who had not followed them into
the smoke.

The remaining three workers in this group were traveling in a portal bus.
A mechanic and a general inside laborer had stayed on the section briefly to
rendezvouswith afirebosswho wasconducting hispreshift examination. When
they encountered smoke, the fire boss, who was driving, backed the portal bus
out into clear air. They heard, over the mantrip's speaker phone, conversations
that ensued from the collisions up ahead. Thethree men decided to take another
route out:

So we put our self-rescuers on. We looked into the intake escapeway;
it wasfilled with smoke. So we crossed over to thereturn and therewas
just starting to get smoke in there. And we started out there and we
went out the return and wetied back in with [the construction foreman]
and our group that left right before us'cause we waited for the fire boss.

The eight workers proceeded out their return. Two individuals stayed close to
the wireman who had lost his cap and light, reassuring him and helping him
along until they cameto the set of double doors through which everyone exited.

8 Face Parallels - Cokedale

Execution of decisions was a problem on 8 Face Parallels because the
group'sfamiliarity with the areadid not extend to their escapeways. Thegeneral
foreman addressed thisissuein regard to his choice of their primary escapeway
even though the firewas in atrack entry:

Andit'smy fault that | didn't know the...escapeway was dumping on the
track. Of course, | didn't know where the fire was at either.

Once the group reached their section regulator and the general foreman,
accompanied by a genera inside laborer, explored ahead and saw more dense
smoke, they were faced with another decision to execute:

And we put [the filter self-rescuers] on at that point in time when the
guys came up to me and | signaled everybody. | already had mine on
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and my clips on; everybody put them on...It was an old return that I'd
walked and we put those on and we may have made about a thousand
feet. We didn't make it anywhere near the mandoor to Steiner. And
boy, they were cooking. They were cooking and we all knelt down and
put the [SCSRs] on..We knelt in teams...helping each other and
checking everything. Maybe 3, 4 minutes. It's hard to tell.

Thisgroup proceeded on out under air from that location, eventually joining up
with the miners who had escaped out of 7 Buitt.

Discussion and Analysis of a Particular Case

The interview data show that everyone who escaped from the three mine
fires experienced numerous episodes of problem recognition, evaluation,
decision-making, and action while being influenced by their internal state and
the environment. In order to understand the decision-making that was done by
these workers during their escapes, background variables were identified and
included inamodel. This heuristic device was then used as a starting point for
analyzing the characteristics of decisions made during the emergency.

The escaping miners were continually processing information and acting
upon their perceptions of the mine environment. Though some of the workers
spoke of being in astate of "panic," they do not tell of any points at which they
were not actively eval uating their situation and attempting to continue to safety.
Even those miners who had the most difficulty and, in fact, could not escape
without assistance, were thinking through their available options. This can be
seenin the attempt by the 4 South mechanic to switch from aself-contained self-
rescuer to afilter self-rescuer just before the others came back to help him. In
thisextremely dangeroussituation, thewill and the ability to make decisionswas
not lost. Itislikely that the decision-making process will exist in all contexts
and, given the right techniques, will be available for study.

Theauthors of this chapter are not expertsin either disaster management or
mine rescue. A group of mine rescue experts were, however, brought together
to review the reported actions of those miners on 4 South. They then worked
with a cognitive psychologist to develop a simulation problem based on the
event [Cole 1989]. Thisproblem unfolds over time and only offersinformation
and alternatives that would have been present in the environment at aparticular
choice point. From the simulation, then, it is possible to arrive at some insight
into what these experts agreed on that would be either agood decision or apoor
one in the context within which it occurred.

Perhaps the worst decision, in terms of any attempt to allay stress during
these workers' escape, was made by the shuttle car driver on 4 South. It will be
remembered that this individual hung up the page phone and went to warn his
buddies rather than stay on for another moment and try to get more information
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about the fire's location and magnitude. Put simply, whether the fire boss
actually knew any more detail s than he was able to communicate isimmaterial:
the shuttle car driver saved a minute—2 at most. Even coal mines do not burn
up in that space of time.

Interestingly enough, those expertswho constructed theminefiresimulation
agreed with the Federal inspector that 4 South's belt line was the one good
escape route available. This inspector could not know that it would become
filled with smoke, nor could he foresee those difficulties encountered by a crew
member (which were madeworse by cramped conditionsalong the belt). A poor
decision wasto undertake travel down this entry without first calling outside to
inform someone that the workers would not be using either of their designated
escapeways.

Another bad decision was to move into the belt line without first donning
self-contained self-rescuers. Even smoke-freeair can becontaminated by carbon
monoxide. In fact, since bratticestend to leak, there could have been more CO
inthe"neutral” air along their belt than in the smoke-filled but rapidly moving
air of 4 South'sintake entry. A good choicewasto check through the mandoors
leading into the primary escapeway periodically, thus enabling crew members
to get into fresh air as soon as possible, since they were having problems with
their self-rescuers.

Regarding use of their emergency breathing apparatus, expert opinion was
that the crew members made some decision errors that could have killed them
had carbon monoxide levels been high. For one thing, they waited too long to
dontheir apparatus. Secondly, almost all of theworkers"cheated" by taking the
mouthpiece out to breathe in areas where smoke was not so dense. This was
done despite the fact they had no way to check for carbon monoxide in their
atmosphere. Finally, two individuals used their devices to assist the miner
helper (these apparatus are approved for self-rescue only), when a better course
of action for them would have been to remain outby the fire and wait for amine
rescue team to arrive. While there was some debate among the mine rescue
experts as to how filter self-rescuers and self-contained self-rescuers may be
employed optimally, they were in agreement about the notion of "self" rescue.
Thisled them to conclude that those four workerswho left their slower-moving
comrades behind and continued outby the fire made a good decision. Their
reasoning was that since the self-contained self-rescuer has a finite supply of
oxygen (about an hour) and 4 South's crew had no idea where the fire was
located, to stay with the miner helper might well have spelled everyone's doom.
Furthermore, someone should have gone on outby in order toinform minerescue
personnel whereto look for those who could not makeit (sincethey werenot in
either the primary or secondary escapeway).

In summary, even though the assessments of decision-making quality
discussed aboveresult fromaconsensus of experts, thereisstill roomfor debate.
The point here is that research that focuses on judgment must include scrutiny
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not only of decisions that are made, but also of real-world variables that in-
fluence them. The quality of any decision may have little or no direct rela-
tionship to the eventua outcome of its execution in a given situation. Thisis
because a decision-maker is constrained not only by the stress of the situation
or personal knowledge and attitudes, but al so because he or she can only weigh
information that is available. Acknowledging the complex context of concrete
decision-making environments is a first step to understanding the skill of
decision-making and learning to evaluate the abilities of decision-makers.

References

Baumann A, Bourbonnais F [1982]. Nursing decision-making in critical care areas. JAdv
Nursing 7(5), pp. 435-446.

Begland RR[1979]. Theanaysisof "soft skills': aimplementation strategy. In: Proceedings
of the 21st Annual Conference of the Military Testing Association. ED 190 648, pp. 328-336..

Biggs JB [1968]. Information and human learning. North Melbourne, Victoria, Australia
Cassell Austrdia, Ltd.

Billings CE, Reynard WD [1984]. Human factors in aircraft incidents: results of a 7-year
study. Aviat Space Environ Med 55(10):960-965.

Brecke FH [1982]. Instructional design for aircrew judgment training. Aviat Space Environ
Med 53(10):951-957.

ColeHP, Berger P, Vaught C, Haley J, Lacefield W, Wasielewski R, et al. [1988]. Measuring
critical mine health and safety skills. Lexington, KY: University of Kentucky. U.S. Bureau of
Mines contract No. H0348040, pp. 202.

ColeHP[1989]. Escapefromaminefire: alatentimagesimulation. Beckley, WV: U.S. Depart-
ment of Labor, Mine Safety and Health Administration, National Mine Health and Safety Academy.

Enddey MR [1988]. Design and evaluation for situation awareness enhancement. In:
Proceedings of the 32nd Annua Meeting of the Human Factors Society. Vol. 1, pp. 97-101.

FlathersGW Jr., Griffin WC, Rockwell TH [1982]. A study of decision-making behavior of
pilots deviating from a planned flight. Aviat Space Environ Med 53(10):958-963.

Godden D, Baddeley AD [1979]. The commercid diver. In: Singleton WT, ed. The study of
red skills: Vol. 2. Compliance and excellence. Batimore, MD: University Park Press, pp. 157-177.

Hedge A, Lawson BR [1979]. Creative thinking. In: Singleton WT, ed. The study of real
skills: Vol.2. Compliance and excellence. Baltimore, MD: University Park Press, pp. 280-305.

Janis|, Mann L [1977]. Decision-making: a psychological analysis of conflict, choice, and
commitment. New York, NY: Free Press.

Jensen RS, Benel RA [1977]. Judgment evaluation and instruction in civil pilot training.
Report No. FAA-RD-78-24. Champaign, IL: University of Illinois.

Kinston W, Rosser R[1980]. Disaster: effects on mental and physical state. In: Pugh M, ed.
Collective behavior: asource book. St. Paul, MN: West.

LerupL, Cronrath D, LiuJKC [1980]. Firesinnursingfacilities. In: Canter D, ed. Firesand
human behavior. Chichester: Wiley, pp. 155-180..

Mallett LG, Vaught C, BrnichMJJr.[1993]. Sociotechnica communication inan underground
mine fire: astudy of warning messages during an emergency evacuation. Saf Sci 16:709-728.

McHugh P [1968]. Defining the situation. Indianapolis, IN: Bobbs-Merrill.

Pew RW [1994]. Situation awareness: the buzzword of the'90s. Gateway 5(1):1-4.

Sime JD [1980]. The concept of 'panic.' In: Canter D, ed. Fires and human behavior.
Chichester: Wiley, pp. 63-81.

Thomas WI [1923]. The unadjusted girl. New York: Social Science Research Council,
pp. 41-44.

Stone RB, Babcock BS, Edmunds WW [1985]. Pilot judgment: an operational viewpoint.
Aviat Space Environ Med 56(2):149-152.

99



CHAPTER 6.—FIRE WARNINGS AND INFORMATION
UNCERTAINTY

The first steps in the process of mine evacuation are the recognition of a
problem and an attempt to communicate the problem to miners who may be
affected. This chapter will focus on the way that a problem, fire, came to the
attention of mine personnel and the messages that were sent to miners in the
affected areas. The concept of information uncertainty, which was introduced
in chapter 4, will bediscussed asit influences problem perception and diagnosis.
Sociotechnical and interpersonal communications will be explored and sug-
gestions for improving these systems will be offered.

It might seem that the first indication of a dangerous fire would motivate
individual sto take self-protective action, to evacuate the affected area or struc-
ture, and to provide clear warning to others who are in danger. Research has
actually shown that in most situationsthis does not occur. Instead, timeistaken
to gather more information, confirm information that is provided, and consider
possible alternative explanationsthat could account for the given circumstances
[Canter 1990; Scanlon 1979; Bickman et al. 1977]. Thisprocessof confirmation
can lead to the loss of critical time. Canter [1990] summarizes the problemin
his book, which reports studies of a number of fire events: "As discussed
throughout thisbook, ambiguity and confusion, incoherent instructionsand time-
wasting actions, lack of appropriate instructions and misunderstanding of the
nature of the event that is unfolding, are al hallmarks of fires and emergencies
that kill people." In this chapter, the detection of each mine fire and the com-
muni cation of warning to endangered minerswill bereviewed with an emphasis
on how those processeswere affected by the availability and use of information.

Information can become available through a variety of mechanisms during
an emergency situation. First, cues may betaken directly fromthe environment.
Smokeisan obviousexample. Secondly, mechanical devices, such assmokede-
tectors, may provide warning messages. A third source of information isinter-
personal communications. These can occur face-to-face or through some me-
chanical device such asatelephone. With all three methodsthereisa possibil-
ity of miscommunication, misunderstanding, and misinterpretation. All of these
means of communication were used with varying degrees of successinthethree
mine fires analyzed here.

A fire, likeany nonroutinesituation, engendersuncertainty about adiagnosis
and understanding of the problem[Mead 1938]. Thisuncertainty leadsto delays
in realization of the seriousness of the situation and therefore in the proper re-
sponsetoit. Delay in action is an important concern in any fire setting, but is
even more at issue in underground coal minefires. Minefiresare qualitatively
different from structural blazes: workers' escapeways may be miles long; the
seam height at many operationsis so low that it is impossible to walk upright;
accessto underground workingsisalwayslimited to afew (sometimesonly two)
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openings; thecoal providesaninexhaustiblesupply of fuel; expl osiveconcentra-
tions of gases may build up quickly; and logistics are difficult [Mitchell 1990].
In these difficult circumstances, anyone who delays too long before beginning
an escape attempt or who gets lost in the maze of dark smoke-filled entryways
will likely die. Given such ascenario, it iseasy to understand the increased im-
portance of early detection and clear communication of warning.

When transmitted warningsor direct stimuli from the environment convince
people that danger exists and they perceive that options are available, they are
likely totake action. Accordingto Nigg[1987], thetendency to believeawarn-
ing and take action isinfluenced by the credibility of the source of the warning
and the content of the message. The content will, however, be interpreted in
terms of what people expect to happen [Auf der Heide 1989]. Since fires or
other potential disastersarenonroutineevents, the predispositionisto disbelieve
messages that could be interpreted as signs of such danger. Coupled with the
tendency toward disbelief is the inclination to interpret an occurrence from a
normal or usual perspectiveaslong aspossible[Meltzer et al. 1975]. Indisaster
situations, unfortunately, potential victims are likely to put the best face on the
situation whenever possible and decide that response is unnecessary [Perry
1987]. Therefore, the more credible a source and the more unambiguous the
message, themoredisposed individual swill beto switchtheir frameof reference
and believe that a nonroutine event is occurring [Mileti and Fitzpatrick 1991].
Even when the message appears to be clear, however, interpretation is a sub-
jective phenomenon that will vary by individual and context because of personal
and social history [Duchon 1986]. Therefore, warning messages must be as
timely and unambiguous as possible. Regardless of the warning provided,
though, it must be anticipated that some people will respond more quickly and
more appropriately than others.

Use of Information in Mine Fire Detection

Like structure fires, underground mine fires can be detected by environ-
mental cues, verbal warnings, or alarmsfrom detection systems. Research con-
ducted in the area of responseto firewarnings showsthat warningsgiven by any
of these means are not always effective. Canter [1990], for instance, explained
that in many fire settings environmental cues are not recognized as warnings:

"In every disaster that has been examined in thisbook, it hasbeen found
that, in the early stages of fire growth, people have ignored or mis-
understood the early cues indicating that a dangerous fire was
developing.”
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Canter [1990] then provided threereasonsthat traditional audiblealarmsarea so
often ineffective:

1. A failure of people to differentiate fire alarms from other types of
alarm.

2. A failure of people to regard fire alarms as authentic warnings of a
genuinefire.

3. A failure of fire alarms to present information that will assist fire
victimsin their attempts to deal with fire.

It isevident that these findings may be readily generalizableto thefire detection
and warning systems in a mine setting.

The following sections will describe how the fires were discovered at the
threemines. The means of detection differed at thethree sites. In onelocation,
the fire was discovered when a resulting situation created a problem with
continuing routine work and the miners went in search of the cause of that
problem. In other words, the firewas not detected by a system designed for that
purpose, but instead was happened upon by personnel during the course of their
work. Systems for detecting dangerous conditions did come into play at the
other two sites. At one site, amine examiner discovered the problem during a
routine check for hazards. Thethird site had installed a mine-wide monitoring
system that provided their initial warning. The stories of fire detection can
therefore be seen to range from the casual finding of smoke during routine tasks
to the use of sophisticated warning equipment. Details of each event will be
discussed in thefollowing sectionsin order of increasing use of formal warning
systems. Each account isgiven from the perspective of theindividualswho first
determined that a serious situation did exist.

Fire Detection at Cokedale Mine

The workday began to vary from routine at Cokedale Mine when workers
driving motors noticed fluctuations in power suppliesto their vehicles:

When | went to put the power on, therewas none, and | asked my buddy
if he had lost power, and he says, yeah, but it came back on. And then
I hit my controller and the power was back on again, and then | heard
[the haul age foreman] say, "Well, my power'son down here, but it'sreal
weak...My lightsarereal dim...I've got thisthing on full power, and it's
hardly moving."

The two motormen and the foreman driving the affected vehicles then began to
search for the source of electrical power fluctuationsthat wereimpeding routine
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work. First the dispatcher was called and asked to check the above-ground
substation. The dispatcher found that the automatic system had locked out the
power and called back to report this information. Meanwhile, one of the
motormen saw "about an inch of smoke along the roof.” Hisinitial diagnosis
was that a switch had burned out. The dispatcher explained why this diagnosis
wasmade: "l heard [the foreman] telling [the motormen] to check No. 1, which
we had aswitch burned up once beforedown there. It wasabout the sameway."
The motormen put the smoke into a framework that had been created by a past
event (which gave similar environmental cues) and went to the areaof theearlier
problem to search for confirmation.

About half the entry wasfilled with smoke. | ducked down and tried to
look around the corner and | wanted to see if that trolley switch was
burning, which was probably maybe 6 to 8 feet in...I couldn't really see
so | took astep intoit, and it wasjust—black. | mean, everything right
now was black. It wasnothing, and | couldn't even, | turned around and
| couldn't see anything.

At that point, the motorman determined that this situation wasnot arepeat of the
prior one, as he had been expecting. He called the dispatcher and reported what
he had found.

We got a problem down here...Something's burning and | don't know
what. | said, | don't think it's atrolley switch, there's too much.

The dispatcher realized the seriousness of the situation from this verbal com-
munication and called to tell minersworking inby thefireto evacuate the mine.

Fire Detection at Brownfield Mine

Detection of thefireat Brownfield Mine consisted of aprocessthat involved
the experience of oneindividual. On the day of the fire, a mine examiner was
performing apreshift examination. A mine examiner'sjobisto routinely check
the mine for hazardous situations before and during shifts. He was walking a
beltline when he went through a door and then smelled smoke. Like the motor-
man at Cokedal e, this miner assumed the smoke wasthe result of asituation that
occurred in the past: "l just kind of thought it was, you know, maybe a bad
roller. Thebelt wasrubbing onthestraps, or somethinglikethat." He continued
his examination, specifically checking the rollersto see if one of them was the
source of the smoke. As he walked on, the smell of smoke grew stronger, but
there was still no sign of the source of the problem. He began to hurry toward
an overcast because that was the location of a past problem. When he got to a
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section belthead, "the smoke just seemed—it wasthere. | mean, all of a sudden
itwasthere." Eventhough theamount of smoke provided undeniablewarning that
thiswas an abnormal situation, the mine examiner still wanted to confirm exactly
what was happening. Therefore, he started running through the entries searching
for the source of the smoke and for a safe passageway. He heard a rumbling,
which sounded to him like awelding torch. Again trying to understand his sur-
roundings within a routine framework, he thought that maybe someone was
welding and aproblem had resulted. "I yelled for [thewelder]. | yelled about two
or three times for him and there was no answer or anything." At this point, the
mine examiner began having problems maneuvering through the smoke.

When | got inthere, the smokewasreal thick in there, too, and | couldn't
see, ...I wascoughing around and it really burned my chest at thistime,
so | prabably stayed there a couple minutes to get my bearings again.

The mine examiner still had not reported the situation to anyone. He chose
instead to continueto search for thewelder who he thought might bein jeopardy
in the smoke-filled area of the mine. He also was attempting to determine the
exact source of the problem so that he could take actionin responseto thethreat.

| crawled up alongtherib, ‘causel still thought [thewelder] wasin there
and had a fire or something had happened. | thought there was a man
in there. | went up along the rib and | got my head around the corner
and | looked inand | yelled for [the welder] a couple more times and
I could seetheflames...coming off thetop of themotor. | went back and
I knew that there was a cutout...in the high spot, but in the smoke
| couldn't seeit, so | wasn't about to try and find that cutout, so...I run
back down to 6 Left and pulled the cutout blade.

When the mine examiner saw the flames coming off the motor, heknew that this
firewas amajor problem. He determined that he could not find the welder, so
after he had taken the only response action that he felt was available to him,
cutting the power to thetrolley wire, he called to report thefireto minersat inby
locations and to the shift foreman.

Fire Detection at Adelaide Mine

Warning of thefireat Adelaide Minewas given by acarbon monoxide (CO)
monitoring system. Adelaide's dispatcher was alerted by a CO warning of
10.5 ppm, which cleared from his computer screen almost immediately. A few
seconds later, the same sensor registered awarning of 11.5 ppm, but cleared in
less than 30 seconds.
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| turned to the pagewherethe alarmwasand it dropped straight back of f
the normal and | took it as afalse alarm.

An element in how this particular warning got diagnosed was the fact that past
false alarms had strongly conditioned Adelaide's dispatcher to question the
legitimacy of each alarm. Dueto hismistrust of readings provided by the mon-
itoring system, the dispatcher did not follow a normal protocol for responding
to thisfirst CO warning of the shift. Instead, he continued his ordinary routine
until he received an alarm that was more likely to be a true reading of an
abnormally high CO level. At that time the dispatcher looked for more in-
formation about the situation:

[The monitor reading] went 18, 20, 22. It just started going straight up.
I got on the phone and called the dumper's shanty...I told them | had a
high alarm at 23 stopping, to get up there now and check it out. | guess
it was like 5, 6 minutes later, he called me back and said | better get
some fire extinguishers up there fast, that there was a lot of smoke.

Upon confirmation of aserious blaze from the miners at the dumper shanty, the
dispatcher determined that minersin three areas of the mine were in danger and
must be evacuated.

Discussion of Fire Detection at the Three Mines

To those unfamiliar with the mining environment, it may be difficult to
understand how seeing unexpected smoke could be interpreted as normal.
During a study in which 214 miners from 8 mines were asked about mine fire
related experiences, however, 65% reported that they see or smell smokein the
mines where they work at least once per month [Vaught et a., 1996].
Furthermore, 15% said that they had been surprised or caught off guard by the
smell or sight of smoke within the past month. There are anumber of potential
sources for smoke underground that do not usually lead to large fires.

In all three cases, the miners who discovered thefiresinitially attempted to
interpret the messages they were receiving within aframework of normal mine
operation. In thefirst two mine fires discussed above, the miners who initially
discovered smoke attempted to attribute it to such sources. Like the minersin
theVaught et a. [1996] study, they had past experience with smokein themine
that had not led to major fires. The suggested causes—a burned-out switch,
a hot belt roller, or a welding torch—would not necessarily create major
problems. Inthesefirst two cases, however, the environmental cues provided,
the amount of smoke, and/or aview of the flames, could not be explained within
the miners normal frameworks. When they reached that conclusion, the initial
warning was received successfully.
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In the third mine, initial detection came from a mechanical device instead
of directly from the environment. Asdiscussed in the introduction to this sec-
tion, for fire alarm systems to be effective they must be viewed as "authentic
warnings of a genuine fire" [Canter 1990]. Unfortunately, the dispatcher at
Adelaide had background filtersthat predisposed him to not take heed of the CO
monitor'swarning. The system had in the past given multiple false alarms and
had thereby made false CO warnings a normal frame of reference:

It's just unbelievable. There wastimesthat all 1 did was go back and
forth and back and forth, you know, just turn the other alarm off and hit
the next page. That'sall | did. Therewastimeswhere | would be talk-
ing and they'd be going off for like 30 or 40 seconds before | could get
over there and shut it off and check it.

The system had been put into service while still being finished. Unfortunately,
some of the monitors were attached to roof bolt plates, causing a short circuit.
Theresulting falsealarms seemto have lulled the dispatchersinto complacency.
Thesefalse alarmswere particularly problematic because of the way the system
wasimplemented at the mine. Adelaide's dispatchershad been placedin charge
of the monitoring terminal, but no analysis was performed to determine if this
job was complementary with their primary tasks—to "direct traffic and move
coa." The dispatcher occupied a key role: being able to recognize and com-
municate potential danger from readings of increased CO levels, but did not
view that as an important part of the job.

Another implementation problem was the lack of adequate training. The
system manufacturer'srepresentativesconducted two formal training classesthat
were attended by supervisors and maintenance personnel but not by the dis-
patchers: "I had no classes. It wasjust asthey got thingsin, they told me little
bits and pieces." Mine management had allocated resources to the implemen-
tation of asophisticated systemwhich, if working properly, should provideearly
warning of fire. However, the same attention was not given to the human-ma-
chine interaction that was avital link in the system. When the dispatcher de-
cided that this time the warning might be real, he still asked for confirmation
from minerswho had to go and look for the alarm's source before he determined
that minersinby the fire were in jeopardy.

Communication of danger was delayed in all three mines because in-
dividuals tried to place the abnormal cues into normal unthreatening frame-
works. Miners caught inby the fires could have begun their escapes earlier if
thosewho discovered the problemshad risked making errorson the conservative
side and reported the potential danger as soon as the first cues were received.
In the first two cases, the environmental cues could have been somewhat am-
biguous. Oneway to improvethat situation would beto use mechanical devices
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that could remotely provide more explicit information and clearer warnings.
While this could have helped in the interpretation of conditionsin the first two
examples, the third case shows that implementation of technology without
careful consideration of how its messages will be interpreted will not be
successful.

Warning Information Communicated to Miners Inby

Regardless of the means used to detect afire, after it has been discovered
any workers in the affected areas must be warned about the potential danger.
They must be given messages that will allow and encourage them to act
appropriately and escape efficiently. In these cases, eight separate groups of
miners were forced to escape from inby the three fires. In some cases, the
information they received assisted them with an effective egress from the
section. In other cases, little information was conveyed to the miners at risk.
Communication of the initial warnings will be discussed in the following
sections.

Warning Miners Inby at Cokedale

When the dispatcher at Cokedale heard confirmation of the fire from the
miners who discovered it, he attempted to communicate a warning to workers
who might be in danger. Miners were working or traveling in two areas that
could be blocked by smoke from a safe exit. In both sections, however, thedis-
patcher's message was not thefirst cue they had that something was not normal.
The miners who started looking for the reason for the power fluctuations dis-
cussed previously were communicating on an open channel. Individualson the
sections, therefore, could overhear the conversations regarding the problem and
the speculations about atrolley switch burning. Minersin theinby sections got
another cue as they began to smell and/or see smoke. They began to think that
something unusual might be happening and looked for confirmation of that fear.
The dispatcher provided confirmation through phone callsin which he relayed
the information that afire was burning underground and that they should evac-
uatethe mine. Each section started evacuation after that message was received.
They began the trip, which would take them through thick smoke, knowing that
afire was burning. The other information at their disposal was more vague,
however. Fromthe overheard conversations, they had some notion of wherethe
miners were who had discovered the fire. They therefore could make a rea-
sonable guess about thefire'slocation, but had no information about its severity.
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Warning Miners Inby at Brownfield

The fire boss who discovered the fire at Brownfield called miners working
on the three sections at risk. The message given to two of the sections, 4 South
and 5 South, was that there was a belt fire and that they should evacuate the
mine. Thefireboss, with the vision of hindsight, discussed what waslackingin
the warnings received by those miners.

So | called them and told them there was smoke coming out, they better
get out of there. But the one mistake | did make is, well, the man that
| talked to in both cases never—he never give me the opportunity to tell
them wherethe firewasat. It madeit kind of abad situation for those
guys coming out, cause they really didn't know where the fire was,
which was one thing | learned from the whole situation.

The stories of the miners who took the fire boss' calls confirm that, as the fire
bossreported, they did not wait for additional information after hearing that the
minewas burning. In both casesthe minerswereforced to make decisions about
their evacuation without knowing the fire'slocation. Thethird section, 6 West,
had more information available as they decided which way to go. Theforeman
who took the call from the fire boss explained why: "I was the only one of all
the guys[who escaped] that knowed where the fire was. And the reason for that
is| took and asked [thefire boss] where thefirewas." Thisminer had asked for
and received exact information about the fire's location and used it to make
decisions about evacuation.

Warning Miners Inby at Adelaide

Asdiscussedinthe section about detection above, thedispatcher at Adelaide
received warning of high carbon monoxidelevelsand sent the dumper to explore
the situation. When the dumper reported back that a fire was burning, the two
workers split the task of contacting minersinby. There were three sections af -
fected and all three weretold, either by the dispatcher or the dumper, that there
was afire on the belt and that the mine should be evacuated. No information
about location or severity of the fire was provided and no further details were
requested by the miners who answered the calls. All of the miners inby the
Adelaidefire evacuated without knowing wherethefirewasand, therefore, how
far they had to travel.

Discussion of Communication of Warning at the Three Mines

Most of the miners who evacuated from the three mines did not have
information that would allow them to make decisions about efficient escapes.
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The communication breakdown came from two directions: theindividualspro-
viding the warning did not offer details about the situations even though some
details were known, and the individual s who received the warnings did not ask
for clarification of the situation. As discussed in chapter 4, this lack of in-
formation allowed miners to continue attempting to place cues into hormal
frameworks after they should have evaluated the situation as abnormal and
threatening. When the environment left no doubt that thiswas not aroutine exit
from the mine, it wastoo late to gather more information because there was no
form of communication to the surface in those locations. Most decisions about
appropriate travel directions had to be made without the miners knowing where
thefirewas, and thereforewherethe smokewaslikely to be. Equally important,
the miners did not know whether they must face the extreme conditions for a
hundred yardsor 5miles. Inthe case of Cokedale, minerscould guesswherethe
problem was from monitoring theradio calls. They could not be absolutely cer-
tain of its source, however, and they had no indication of its severity. Asshown
infigure5.1, uncertainty created by alack of information increased stresson the
escaping miners and influenced their decision-making (and therefore their
actions).

Improving Fire Warning Systems in Underground Coal Mines

Data from the three fires studied show information that could have been
used to hel p with evacuation decision-making had it been provided to theminers
who were most injeopardy. Inall three cases, delaysin activating the warning
communication system happened because the individualswho first determined
that an abnormal situation existed sought additional confirmation before com-
municating the cuesthey had received. Further delaysoccurred whentheminers
inby also sought confirmation before evacuating, and often, even then, did not
believethat an emergency wasin progress. Thelack of reliable detection meth-
ods and standard protocols for emergency communication caused those miners
who were put in danger by thefiresto delay their self-rescue attempts, and often
to act without needed information. Thefollowing sectionswill suggest methods
that could be used to address some of the causes of faulty communication that
occurred during these mine fire evacuations. First, technological advancesin
fire detection will be discussed. Then, human interaction with technology and
human reaction to warning and risk communication will be explored. The last
section of this chapter will summarize issues that should be considered in the
design of afire warning system.
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Fire Warning With Smoke Detectors

Thefire at Adelaide was detected initially by amechanical device. Having
any mechanical device installed to provide early warning of afire may allow
miners inby more time to escape. The CO detector system used at Adelaide,
however, may not be the best choice. Instead, asmoke detection system might
provide even more time for evacuation decision-making and actions before the
mineatmosphere becomesirrespirable. Datafromfiretestingindicatethat afire
will generate smoke reaching levelsthat will force evacuation, and make travel
difficult, significantly earlier thanit will generate atoxic environment duetoits
product gases[Litton et al. 1991]. Thisissignificant becauseit impliesthat for
even moderate levels of smoke, theair is still breathable and life-supporting. It
isonly when the levels of smoke begin to totally obscure visibility that the tox-
icity of the combustion products beginsto play arolein the question of escape
and survivability.

Asshownin chapter 7, smoke from afireisasignificant obstacleto escape.
The rapid detection of smoke at very low levels can increase the time miners
will have to escape before smoke obscures visibility completely. Such rapid
detection is possible because smoke is produced much earlier than other fire
signatures during the stages of fire growth and devel opment, and smoke sensors
are extremely sensitive devices. Smoke sensors can respond to smoke levels
that arebarely visibleto the human eye. Furthermore, smoke sensorswill alarm
while CO levels are often still near the ambient threshold of CO alarm sensors.
Since smoke may be the greatest impediment to survivability during aminefire
escape, its early detection can optimize the chances of surviving.

Smoke Detection

Inthe United States, both Underwriters Laboratories, Inc., and Factory Mu-
tual Research Corp. use standard tests for approving smoke sensors to be used
as early-warning fire sensors. Abroad, similar standard tests are employed for
approving smoke sensors (such as EN-54, used by the European community).
These standards are based on the optical density of the smoke. In very genera
terms, asmoke detector passesthe sensitivity testsif it alarms before the smoke
optical density reaches a value of 0.058 m™. Many approved smoke sensors
typically alarm at optical densities of one-third to one-fourth of this value.

It hasbeen proposed [Litton et al. 1991] that smoke sensorsapproved for use
inunderground coal minesbeclassified morerigorously by defining two classes.
Class 1 smoke sensors are those which always alarm at smoke optical densities
less than 0.022 m™. Class 2 smoke sensors are those which always alarm at
optical densities less than 0.044 m™. Any smoke sensor that alarms at optical
densities greater than 0.044 m™ would not be approved for use in underground
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coa mines. For aclass 1 smoke sensor, the range of visibility would exceed
40 m.

In determining which type of alarm system should be installed in un-
derground mines, it isappropriate to compare the approximate level sof CO that
would be present at the alarm thresholds of class 1 and 2 smoke sensors. This
comparison is shown in table 6.1 (flaming). For a class 2 smoke sensor, the
average CO levels at smoke alarm are 5.7 ppm for flaming fires. For aclass 1
smoke sensor, the CO levels at smoke alarm are 2.9 ppm. These numbers are
clear indications of the superiority of smoke sensors over CO sensors in
providing early warning of fire.

Table 6.1.—Approximate CO levels present at alarm
threshold for flaming fires

ppm CO at smoke alarms

Combustible

Class 1 Class 2
Wood ............ . ... 5.5 11.0
Coal ....... ..., 1.7 3.4
SBR conveyorbelt ............. 1.9 3.8
PVC conveyorbelt ............. 4.1 8.2
Neoprene conveyor belt . ........ 3.2 6.4

The earlier the warning given to miners who will be required to travel
through smoke, the better their chances of making a successful escape. As-
suming the maximum time available for escape is that point at which visibility
in an escapeway becomes critical, it is possible to determine how much of this
timeisavailable to minerswarned by different types of sensors. In detection of
afire in the belt entry, a reasonable time before smoke obscures visibility is
about 38 minutes. It is possible to determine when, during that time span, vari-
ous types of sensors would alarm and therefore how much evacuation time
would be madeavailable. For smoke sensors, 30 minutes(79% of thetotal time)
are estimated to be available; for 5-ppm CO sensors, 23 minutes (61%); for
10-ppm CO sensors, 19 minutes(50%); and for thermal sensors, 3 minutes (8%).
Such an analysis clearly shows that smoke sensors can provide earlier warning
than CO monitors.

Smoke Sensor Classifications

Smoke sensor classification systems are based on various criteria. Smoke
sensorsareoften classified according to their principl e of operation. Smoke sen-
sors are either ionization-type, photoel ectric-type, or some combination of the
two. Anionization-type smoke sensor is one that uses a small source of radio-
active material (usually americium 241) to produce molecular ions in the air
space between two electrodes. When a small voltage is applied to these elec-
trodes, the ions produce a current. Smoke particles that enter the air space
between the el ectrodes serveto depl etetheions correspondingly by reducing the
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flow of current. When the current loss is 10% to 20% of the total current, an
aarmisgiven.

Photoel ectric-type smoke sensors, which are based on measurement of light,
may be divided into two subcategories. Thefirst subcategory contains sensors
that measure the light that is scattered from smoke particles. This type of
detector is located to the side of a beam of light at some fixed angle (usually
around 45E from the forward direction). In the absence of smoke particles, this
detector receives no signal. When smoke enters the projected beam of light,
someof thelightisreflected (scattered) into the detector producing ameasurable
signal. When the detector signal reaches some preset level, an alarmis given.
The second subcategory contains sensors that measure the transmission of light
through acloud of smoke. A light beam is projected into a detector, producing
asteady-statesignal level. When smoke entersthislight beam, it reducesthede-
tector signal level and produces an alarm.

Smoke sensors may also be classified according to their use. Deployment
can be fixed-station, sampling, or open area. The most common sensor deploy-
ment method is called fixed-station sensors. These sensors are mounted on or
near the roof and are fixed into place. Ancther type of smoke sensor is a
sampling-type smoke detector. The sampling-type smoke detector usually em-
ploysasmall axial-vane fan to convey a sample of air from some desired point
back to the sensor viaplastic tubes. Very often, thistype of smoke sensor draws
samples from several different monitoring locations (usually about 10 per de-
tector). Thisallows 1 sensor to essentially replace 10 fixed-station smoke sen-
sors, but also means that the 1 sampling-type detector must be more sensitive,
since smoke from any one location can be diluted by a factor of 10. Aswith
fixed-station use, either ionization-type or photoel ectric-type can be employed
in sampling.

The final type of smoke sensor to be discussed here is the open area (or
proj ected-beam) detector. It requirestheuseof aphotoel ectric-typesystem. For
this system, alight source is located remotely from alight detector. The light
detector measures the transmission of the light beam through a cloud of smoke
particles. Thistype of smoke sensor can function at separations between light
source and light detector up to 90 m. Itisintended for usein structuresthat are
relatively open on the inside, such as warehouses.

Use of Smoke Sensors in Underground Mines

Most smoke sensors that have been approved by a recognized testing
laboratory should perform reliably in an underground coal mine. The magjor ob-
stacle to their effective use is dust. Both coal dust and rock dust are present,
often at elevated levels, in underground coal mines. Two problems can be
created by this condition. First, false alarms can be given when dust enters the
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smoke sensors. Because dust is similar to smoke except that the dust particles
are larger, dust can cause smoke sensorsto alarm. Second, dust may contami-
nate a smoke sensor causing the sensor to become more sensitive over time.
This is particularly true for ionization-type smoke sensors and those
photoel ectric-type smoke sensors that use light attenuation as the means for
detectingthesmoke. Increased sensitivity dueto dust buildup eventually results
inanincreasing frequency of randomfalsealarms. For photoel ectric-typesmoke
sensors that use light-scattering to detect the smoke, dust accumulation can
eventually render them totally insensitive.

Thereis one fixed-station smoke sensor that isimpervious to dust—the Becon
Mark 1V ioni zation-type smoke sensor, manuf actured by Anglo-American Electron-
ics, Inc., of the Republic of South Africa. It achieves this result by using a radi-
oactive source (Kr-85) that emits p-particles rather than the a-particles produced
from americium 241. Thisradioactive source has an activity level greater than the
exemption level specified by the Nuclear Regulatory Commission, and special
licensing requirements are needed by a United States distributor beforeit could be
used extensively in underground mines in the United States.

Other than the Becon smoke sensor, sampling type smoke sensors offer the
greatest potential for reducing or eliminating the problems of dust in under-
ground coal mine use. They use aforced flow to bring the sample of the mine
atmosphereto the detector for measurement. Dust particlesaremuch larger than
smoke particles. Techniques exist for selectively filtering out these larger dust
particles from the flow and allowing only the much smaller smoke particles to
be transmitted to the detector for measurement. With current readily available
technol ogy, the sampling type of detector seemsto provide the best solution to
problems created by coal and rock dust.

Communication of Fire Warnings

Timely detection of fireis only one step in the fire warning process. As
shown by the activitiesthat took place after the CO monitor alarmed at Adelaide,
proper response to mechanical detection devices is required for the warning
system to be activated. If the individual responsible for monitoring the alarm
system trusts that the sensors are reliable and valid, and if that person has been
trained in the proper actionsto take when an alarm sounds, the warning system
islikely to be activated immediately upon receiving thefirst alarm. If, however,
the system has given multiplefalse alarms or the sensors are set inappropriately
and alarm to low levels of smoke, such as from welding, or to dust, then the
person monitoring the detector is likely to look for confirmation of a serious
problem before providing warning. Even when the alarm is believed or the
situation confirmed, if the individual has not been trained in the proper way to
relay warning, vital information is likely to be forgotten.

A person who is responsible for communicating warning information will
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be doing so under stress. That individual isin the position of telling others that
their lives may bein jeopardy. In that situation, the person providing warning
must have a detailed protocol for relaying information that has been explained,
discussed, and practiced before the emergency occurs. At a minimum, the
protocol should include elements such as (1) identification of the individual
providing thewarning, (2) thelocation of the situation, (3) definition of thetype
of problem occurring, (4) severity of the problem if known, and (5) instructions
for those at risk. Information about changes to the environment or response to
protocol that have occurred because of the emergency should also be com-
municated. Asdiscussed previously, noneof theindividual swho communicated
a message to evacuate the miners in this study relayed all of the pertinent
information available. Inthe worst cases, the minersinby were not told the lo-
cation of the fire and therefore lacked information vital to planning an ap-
propriate escape route.

For awarning systemto be successful, the communi cated message must al so
be received appropriately. Thisrequiresthat everyone underground be trained
in the proper way to gather information during a warning communication. In
many instances, workers who received warnings of the fires did not ask any
guestions of the person telling them to evacuate the mine. Intheworst case, one
person simply ran from the phone as soon as the beginning of the message was
relayed. Minersmust be prepared to control their stresslevelsasthey hear about
the potential threat and obtain as much information as possible so that later
decision-making can be done in an informed manner. At a minimum, they
should be trained to ask (1) the nature of the problem, (2) the location of the
problem, (3) the severity of situation, (4) which actions should be taken, and
(5) any details of the situation that would be relevant specifically to the people
inthat area. If the person providing the warning and the person receiving it are
both trained in emergency communication protocols, the potential for an
effective warning system can be greatly enhanced.

Recommendations for an Effective Warning System

When anindividual iswarned of danger, that person will act if (1) he or she
believesthe danger isreal and (2) feelsthat thereare options. A warning system
should be designed to provide the most information possible to comply with
those two needs. The detection of a problem, whether by mechanical or other
means, must be trusted so that warning can begin immediately upon discovery
of the problem, as opposed to waiting for confirmation. After discovery, warn-
ing must be provided to everyonewho isin danger. Secondarily, warning must
be provided to those who will be called on to respond to the emergency, and in
such a way that it allows informed decisions to be made about what actions
should be taken. Training is needed for both giving and receiving warning
messages properly. Developing an effective warning communication system
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should include—

1. Installing proper detection devices as appropriate to the situation.

2. Training personnel whowill bemonitoring the detection systemand its
functioning.

3. Developing awarning message protocol to be usedto providewarning.

4. Training personnel who will be monitoring the detection system in
proper protocol for providing warning when the system alarms.

5. Developing a receiving warning message protocol to be used when
receiving warning.

6. Training al personnel in the proper methods for use of the receiving
protocol to gather information when receiving awarning.

7. Incorporating this system within a general mine emergency response
plan.

References

Auf der Heide E [1989]. Disaster response: principles of preparation and coordination.
St. Louis, MO: C. V. Mosby Company.

Bickman L, Edelman P, McDaniel M [1977]. A model of human behavior in afire emer-
gency. LoyolaUniversity of Chicago. National Bureau of Standards Report No. NBS-GCR-78-
120. December. Final report.

Canter D, Breaux J, Sime J[1990]. Domestic, multiple occupancy and hospital fires. In:
Canter D, ed. Firesand human behavior. London, U.K.: David Fulton Publishers, pp. 117-136.

Duchon JC, Laage LW [1986]. The consideration of human factors in the design of a
backing-up warning system. In: Proceedings of the Human Factors Society 30th Annual Meeting,
Vol. 1 (Dayton, OH), pp. 261-264.

Litton CD, Lazzara CP, Perzak FJ [1991]. Fire detection for conveyor belt entries.
Washington, DC: U.S. Department of the Interior, Bureau of Mines, Rl 9380.

Mead G [1938]. The philosophy of the act. In: Morris C, Brewster J, Dunham A, Miller D,
eds. Chicago IL: University of Chicago Press.

Meltzer B, Petras J, Reynolds L [1975]. Symbolic interactionism: genesis, varieties, and
criticism. London, U.K.: Routledge and Kegan Paul.

Mileti DS, Fitzpatrick C[1991]. Communication of publicrisk: itstheory and itsapplication.
Saciol Practice Rev 2(1):20-28.

Mitchell DW [1990]. Minefires: prevention, detection, and fighting. Chicago, IL: Maclean
Hunter Publishing Company, p. vi.

Nigg JM [1987]. Communication and behavior: organizational and individua response to
warnings. In: Dynes RR, DeMarchi B, Pelanda C, eds. Sociology of disasters: contribution of
sociology to disaster research. Milan, Italy: Franco Angeli, pp. 103-116.

Perry R[1987]. Disaster preparedness and responseamong minority citizens. In: DynesRR,
DeMarchi B, Pelanda C, eds. In: Sociology of disasters: contribution of sociology to disaster
research. Milan, Italy: Franco Angeli, pp. 135-151.

Scanlon J[1979]. Human behavior in afatal apartment fire: research problemsand findings.
Fire J 73(3):76-79, 122-123.

Vaught C, Fotta B, Wiehagen W J, Conti RS, Fowkes RS [1996]. A profile of workers
experience and preparedness in responding to underground mine fires. Pittsburgh, PA: U.S.
Department of the Interior, Bureau of Mines, RI 9584.

115



CHAPTER 7.—SMOKE AS AN ESCAPE AND BEHAVIORAL
ENVIRONMENT

Thischapter focuseson smokeasit rel atesto escapefrom underground mine
fires. Among the topics discussed are the measurement of visibility in smoke;
smoke-related hazards such as the production of CO, hydrochloric acid (HCI),
or other byproducts of combustion; and miners personal experiences while
escaping through smoke.

Smoke Measurement and Visibility

In general, smoke consists of hundreds of thousands of very small particles.
These particles have some"size," usually expressed in terms of their diameters,
and they have some concentrations, usually expressed either in the number of
these particles per unit volume or the total mass of the particles per unit volume.

Humans cannot see individual smoke particles because they are too small.
Similarly, "umber concentrations" and "massconcentrations' of smoke particles
do not have much meaning to people unless they are trained technically. Still,
individuals know that they can see smoke, independent of all the technical jar-
gon used to describe it. Also, they know that when the smoke level gets too
high, itisnolonger visible. Infact, nothingisvisible becausethe smoke absorbs
al of thelight in its surroundings.

The eye is only sensitive to light in the wavelength region from about
400 nm to about 700 nm. The maximum sensitivity of the human eyeisto light
that has a wavelength of about 555 nm. It is important to know how the eye
responds to light because if its response is known, it is possible to use a light
detector that has almost the same response asthe eye. Such a detector can then
be used to quantify thevisible characteristics of smokebecauseit respondsinthe
same manner as the human eye.

Smokeisvisible becauseit either scattersor attenuates (diminishes) light. In
some instances, smoke is visible because the smoke particles reflect light which
is then detected by the eye. The eye actually "sees’ an intensity of light that has
been reflected from a cloud of smoke particles. Imagine shining aflashlight into
acloud of smoke. Someone off to the side can actually "see" the beam of light as
it traverses the smoke cloud. Thisis called scattering. Smokeisalso visible be-
causeit attenuateslight. Imaginehaving someoneshineaflashlightintoyour eyes.
As smoke begins to build up aong the beam of the flashlight, the light begins to
dim. The smoke is visible because it is now reducing the intensity of light that
falsupontheeye. Asthesmokeleve increases, itissaidto obscureour visibility.
When the beamisno longer visible, the smoke obscuration is said to be 100%. In
other words, noneof thelight energy from theflashlight makesitsway through the
cloud of smoke. Another way of saying that the obscuration is 100% isto say that
the transmission of light through the cloud is zero.
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Although it is possible to measure the light that is scattered by smoke, most
studies usually measure the amount of light that is transmitted through a cloud
of smoke. Therearethree basic reasonsfor measuring light transmissionsrather
than the amount of light that is scattered. First, the intensity of scattered light
depends on many factors, such as the size of the smoke particles, the angle at
which one measuresthe scattered light rel ativeto the direction of thelight beam,
and al so the attenuation of the scattered light in the space between the beam and
the light detector. Second, the amount that smoke obscures light is a direct
measure of a visibility hazard. Obscuration by smoke is one hazard that is
clearly evident in mines. Imagine a 100-watt lightbulb 3 m away. If the smoke
is dense enough so that the effective power of the bulb is only 1 watt, then the
obscuration would be 99%. If the cloud of smoke is so dense that obscuration
istotal, then it becomes impossible to see. Smoke from an unwanted fire that
reaches thislevel of obscuration represents a critical, life-threatening situation
because it becomes impossible to use one's eyes to escape. Finaly, the
measurement of light transmission allows for characterization of smoke by a
single parameter. This parameter is called the "optical density" and is derived
from the amount of light that is transmitted (T), at a given intensity, through a
smoke cloud over some path length (L):

1 1
D" —log|=
1)
Optical density is used to assess hazards of smoke and levels of detectability.
It is important to remember that this transmission is measured using a light
detector that matches the response of the human eye.

Smoke Hazards, Visibility in Smoke,
and Human Response in Smoke

The chemical composition of smoke particles depends, in part, on the
material that isburning. Some materials may produce gas, or gases that attach
to smoke particles, which can cause the eye to tear, even at moderate levels of
obscuration. Smoke from afireis also breathed into the lungs, where some of
the smoke is deposited before it can be exhaled. The smoke and its chemical
composition can irritate the respiratory system and also contain elevated levels
of toxic gases or compounds that attach to the smoke particles. All of these
effects are difficult, if not impossible, to quantify because of the many
combustibles that can burn and produce adverse effects.

Several studies have been conducted to assess the effect of smoke on
humans, especially with regard to ability to escape from smoke-filled en-
vironments. Jin [1981] reported the results of a series of studies that investi-
gated emotional instability of individuals in smoke from fires. Using human
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subj ects, Jin measured both physiological and psychological response to smoke
produced from smoldering wood that was uniformly introduced and dispersed
throughout atest room. For the experiments, individuals were seated one at a
timeat atablein atest roomwith afloor areaof 5by 4 m (16.4 by 13.1 ft), with
no windows and one door. At the table, each person was asked to manipulate a
steadiness tester which consisted of a metal plate with four holes of graduated
sizes, and ametal stylus. Both of these deviceswere connected to recording in-
struments. Each person wastold to thrust the stylusinto the holes in a specific
order, but trying not to touch the sides of the holes with the stylus. The smaller
the diameter of the hole, the harder the subject had to concentrate to avoid
contacting the sides of the hole. After completing one cycle of operating the
steadiness tester, which required about 30 seconds, each person stood up from
the chair, walked to the other side of the room, pushed a button switch located
on another table, and then wal ked back to the table on which the steadinesstester
was located. The button switch ensured that test subjects walked to the other
end of the room after each cycle. Each person walked a total distance of ap-
proximately 10 m (33 ft).

In the experiment, Jin divided subjects into two groups. The first group,
composed largely of fellow researchers, received a pretest briefing in which
individuals were made familiar with the layout of the test room and were also
informed that the smoke being used was harmless. The second group, which
constituted subjectsfromthe general public, wasplaced inthetest room without
being familiarized with the area or informed of the smoke's nontoxicity. For
both groups, few individuals had previous experience with exposure to smoke
fromfire.

Jinnoted that asthe smokedensity increased, fear of the smoke coupled with
irritations of the eyes and throat impeded individuals ability to concentrate on
the task of operating the steadinesstester. Thisresulted in increased frequency
of contacts between the stylus and edges of the holes. Human response levels
were correlated with the optical density of the smoke produced by ng the
number of stylus contacts on the steadiness tester.

Resultsindicated that, for the general public, most individuals began to ex-
perience emotional effects when the smoke optical density reached 0.044 m™.
In contrast, most subjects in the group of researchers began to show emotional
fluctuation at smoke densities of 0.15 to 0.24 m™. It isinteresting to note that,
whileall individualsweretold they would be advised when they could leave the
test room, 15 people out of the general population group fled the roomto escape
the smoke before their test run was completed and prior to the smoke density
reaching 0.22 m™.

Following these experiments, some of the participants were interviewed
regarding their experience. Jin generalized the commentsfor the general public
test subjects as follows:
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Smoke itself didn't scare me much when it was thin...irritation to the
eyes and throat made me nervous, and when | thought of the smoke
getting still thicker...l was suddenly scared of what's going to happen
next.

Jinconcluded that thedatafromtheseindividual scould betreated asbeing equal
to datathat would be obtained from a group of people who are unfamiliar with
the internal layout of a building.

Among subjects from the group of researchers, most individuals became
more anxious about physiological factors such asthroat and eyeirritation rather
than the psychological element. As mentioned by one participant, "When | got
the signal to end the test, irritation and suffocation were near the limit | could
physiologically stand." Jin concluded that—

1. For aperson unfamiliar with the escapeways and exits of a building,
that individual's ability to escape safely from a fire within that building is
severely reduced when the smoke optical density exceeds 0.066 m™.

2. Ifanindividual isfamiliar with the escapewaysand exitsof abuilding,
that person's ability to escape safely is severely reduced when the smoke optical
density exceeds 0.22 m™.

During these tests, the levels of CO were continuously measured, reaching
apeak value of 50 ppm at the end of eachtest (D . 0.305 m™), which equatesto
an optical density/CO ratio (D/CO) of 6.10 x 107 (ppmim)™. At theselevelsof
optical density, smoke obscuration is severe enough to reduce visibility to near
zero levels. For instance, at D = 0.066 m*, the range of visibility isabout 13 m
(42,5 ft) whileat D = 0.22 m', it is approximately 4 m (13 ft). Because of this,
Jin referred to these optical densities as critical values at which the smoke
becomes untenable dueto the total impact of the smoke on the human response,
whichincludesreductioninvisibility and other physiological and psychol ogical
effects.

Other studies have chiefly focused on visibility in an effort to determine
critical limitsfor optical density in smoke. Rasbash [1975] conducted experi-
ments in which subjects, wearing breathing apparatus, focused headlamps that
were held waist-high on atarget. The target was a black letter "C" on awhite
background. As smoke was introduced, visibility values were recorded based
on individuals ability to see the target. Rasbash concluded that the visibility
limit in smoke occurs at an optical density value of 0.08 m™, which corresponds
to a distance of about 10 m (33 ft). Babrauskas [1979] studied escape from
rooms containing burning furniture. Because of the short travel distance used
in these experiments, Babrauskas used an optica density of 0.5 m* as an ob-
scurity criterion for escape. Heyn [1977] obtained similar results when
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measuring the relation between smoke density and visibility at the Tremonia
Experimental Mine in Germany. For these experiments, Heyn conducted tests
using small conveyor belt fires which resulted in visibilities of only a few
decimeters.

Miners' Emotional and Physiological Experiences in Smoke

Miners who escaped the three mine fires experienced psychological and
physiologica effects similar to those noted by Jin [1981], as well as visibility
problems like those noted by Heyn [1977] and others. One analysis of the data
revealed that a number of workers experienced trouble wearing their SCSRs
[Brnich et a. 1992]. Twenty-nine of the minerswho escaped thesefires (63%)
reported having difficulty breathingwiththeir SCSRs, largely becausethey were
unfamiliar with how an SCSR worked. Asaresult, 27 of the 29 said they either
took the mouthpiece out to catch a breath or "breathed around” the mouthpiece
in smoke.

Many of the minersinterviewed at each of the three mines had some prior
experience in dealing with fires underground. Often, though, these fires were
small ones, such as equipment cable fires, hot belt rollers, or hot trolley wire
hangers along the haulage. These types of fires generate heavy smoke in some
cases, but rarely result in the need for miners to escape through smoke-filled
entries. Consequently, many of the minerswho were caught inby thethreefires
had never escaped through smoke.

Most of the miners who escaped the fires at Adelaide and Cokedale Mines
were unfamiliar with the escapeways leading from their working sections.
About 3weeksbeforethefire at Adelaide, the company realigned section crews
in an attempt to boost morale and improve productivity. Many miners were
assigned to sections they had never worked on before. Asaresult, anumber of
these reassigned workers had not been given an opportunity to walk the es-
capeways from 1 Right, 2 Northwest, and 3 Left sections in order to become
familiar with them.

Personnel caught inby the fire at Cokedale Mine worked on a maintenance
shift and were not assigned to any particular section. On the night of thisfire,
these minerswerein the process of setting up anew production sectionin 8 Face
Parallels or doing maintenancework in 7 Butt. All individualswereworkingin
an area of the mine with which most were unfamiliar, and, like miners at Ade-
laide, many of them were not familiar with the escapeways leading from this
area of the mine. Unlike workers at the other two mines, miners who escaped
the Brownfield Minefirewereworking on their regular sections and knew their
escapeways, but chose alternative routes in an attempt to elude heavy smoke.

Asmentioned earlier, Jin [1981] concluded that a person's ability to escape
by an unfamiliar route is severely reduced when the smoke optical density
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equates to a sight distance of about 42 ft. Persons familiar with escapeways
have their ability hampered when the smoke optical density equates to about
13ft of visibility. Based on Jin'sfindings, it isreasonable to expect that miners
who were not familiar with their escapewayswould have been at adisadvantage
compared to those who knew the travel routes. However, individuals who es-
caped the minefiresreported visibility distancesthat were often far below those
calculated from Jin'sresults. Consequently, familiarity with escapewaysdid not
necessarily help miners navigate, due to the overal poor visibility. Visibility
distances estimated by workers ranged from less than 2 ft in primary es
capeways, track and belt entries (mean 7.3 ft) to as much as 60 ft in return
airways (mean 47.5ft). Inaddition, some minersdid not expect the smoke they
encountered to be as thick as it was. A wireman, who was moving a power
center in 7 Butt at Cokedale Mine when the fire occurred, described his
experience:

| didn't expect it to be that thick...they show you movies, you can get
down on your hands and knees and crawl out. | don't think you could do
that...you could see it coming right off the runaround.

Miners characterized smokein variousways by both its col or and thickness.
In areas where the smoke was lighter, aworker described it as having a bl uish-
gray color and being "like...more just like afiltering smoke." Another miner,
traveling with his crew through a return airway, said he could see about 30 to
40 ft and that walking through the smoke was like walking through alight fog.
Other workers, however, encountered thick, heavy smoke asthey escaped. Two
miners described the thickness of the smoke they encountered. A utilityman
from Adelaide Mine said:

Y ou couldn't see...it wasjust like, I'll tell you what it reminded you of ...
likeriding in behind...a bulk duster for rock dusting.

Another utilityman, also from Adelaide Mine, was traveling with his buddies
through the secondary escapeway located in the right-side return aircourse of
3 Left. When they reached an overcast where the return crossed the intake, the
group encountered heavy smoke:

| walked up thereto the overcast and | stepped right into it. Anditwas
likeablack wall. 1t waslike burning 50 tiresand trying to walk through
it...and | said, "We can't go that way." So we walked out and there was
some—I know there was doorsin those overcasts. | said, "Theintake's
here someplace. All wevegot todoisfindit." And you'd open up the
door and it'd just billow out; and you'd open another door and it would
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billow out...we opened up [one] door, it looked like it was ablack river
running by. That's how thick it was.

A miner from Brownfield Mine could not find the mandoor in a stopping
because of the thick smoke:

The [stopping] was probably on the other side of these props, but
| couldn't seeit. | couldn't even see the door, that's how thick it was.
| put my hands out...and | couldn't see the end of my fingers.

For miners escaping in heavy smoke, navigating through the mine was dif-
ficult because of the poor visibility. At Brownfield Mine, the smoke was so
heavy that aforeman actually walked into the belt structure while attempting to
make hisway to the other side of 6 West mainsto check for fresh air intheNo. 7
intake:

So | went out through this door, and I'll tell you the smoke's so thick
right here | walked into the belt. | couldn't seeit.

Regardless of whether they followed designated escapeways or not, miners
used various (and in some cases highly creative) means to keep themselves
together to prevent becoming separated and to navigate through the smoke.
Workers escaping from the 7 Butt section at Cokedale Mine held on to one
another asthey attempted to stay together while crossing through the track entry
to get into the return:

Smoke was coming on thetracks, wereentered onthetracksthere by the
spray pump, smokewasreal bad we had to hang on to each, one another
like a bunch of elephants.

To guidethemsel ves, miners escaping through smoke followed objectsthey
encountered in the mine entries, such as stopping lines, rows of props, old track,
and water lines. At Adelaide, the 1 Right crew wasled out by autilityman who
was aformer fire boss. He led his buddies down the left return airway of old
8 Left to the 2 Northwest |eft return and then continued outby. For the entire
distance, the utilityman followed the stopping line located between the intake
and return entries knowing that, by keeping the stoppings on the left, his crew
would belesslikely to makeawrong turn. A maintenance foreman and mechan-
ic, working in the 6 West section of Brownfield Mine, were following the pri-
mary escapeway from the section. Hoping that there would be lighter smokein
the secondary escapeway, thetwo miners, alongwith aState el ectrical inspector,
went through a door into the left-side return aircourse. Although the group
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encountered moderate to heavy smokein the return, the foreman knew that the
return airway would lead them directly past the fire area. The foreman, there-
fore, decided to continue traveling in the return, since he could follow arow of
posts in this entry to guide himself. "1 mean, the return is double-timbered.
| just stayed between the props and went." The crew from the 5 South section
at Brownfield Mine also traveled through the 6 West left return and used the
props to guide themselves:

We just stayed—we knew that the return went straight down because
wedwalked it before. Sowejust stayedinthe 6-foot walkway between
the posts, and more or less we were walking from overcast to overcast.

A group of minerswho were escaping fromthe 8 Face Parallelsat Cokedale
used aunique method to help them find their way. Thecrew, beingled by agen-
eral insidelaborer (GIL), made their way to the secondary escapeway located in
the right return aircourse of 8 Face. Because the escapeway followed entries
that were mined more than 35 years earlier, the passageways had deteriorated.
Miners had to cross over roof fallsand contend with low clearances dueto floor
heave and low crossbars. Although the escapeway was marked with reflective
signs, miners reported that it was difficult to see them due to the heavy smoke
and the fact they had to bend over to walk. To more easily navigate through the
escapeway in the smoke, the GIL who led his buddies from the 8 Face Parallels
areadid not try to follow the reflective markings in the escapeway. He instead
followed the footprints left by fire bosses who had conducted prior hazard
examinations of the area, knowing that the footprints would lead him out of the
mine:

As you're walkin', you're not walkin' on a—you're goin' up and down
crawlin' [over fallg] this and that—people were, you hear people goin’
"ow, ow" hit their head...And | just kept lookin' a the ground and
lookin' at footprints and | did catch | did see footprints. Reason | say
I was lookin' at footprints and not the signs was why keep bangin' your
head needlesdly. If you can't see 2 feet, how are you gonnapossibly see
that sign—I don't care whether it isred or green, you can't seeit. The
footprint is the closest thing to you that also meant to me—these
[returns] have to be walked periodically. When | see footprints, | felt
better. Somebody was through there already thereis only one set goin'
out. So chancesarethat if there was areturn set of footprints, | would
think somebody had to turn around because it's blocked. Being there
was only one set, there's got to be an opening up ahead somewhere.
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Whilesomeminershad the"luxury" of being ableto follow markersor other
objects to guide themselves out of the mine, the smoke was so thick in some
cases that miners could not follow objects visually. Instead, they had to feel
their way along in places in order to find their way out. Minersfelt their way
along water lines, posts, the mine'sribs, and other featuresin order to maketheir
way tosafety. At Brownfield Mine, aFederal mineinspector was escaping with
the crew from 4 South and was part of a group of four miners making their way
off the section by traveling the belt entry. During their escape, the group began
to break up after aminer from the crew started having trouble walking. At this
point, fearing he would run out of oxygen in his SCSR, the inspector left the
group and continued on hisown. When he reached the mouth of the section, the
inspector decided to go through a door in an overcast and check the intake
escapeway for smoke. Upon seeing that it was till filled with heavy smoke, he
came back into the belt entry, which also contained heavy smoke, and attempted
to continue hisescape. Unableto see, theinspector felt hisway along amachine
guard on the belt drive:

The belt driveis entirely guarded with chain link fence...as| come out
of the overcast areg, it seemed like thefirst thing, | reached up as| came
out and the chain link fence was there. | really couldn't see but | just
hand over hand followed the chain link fence so | wouldn't trip on
anything.

In his experiments, Jin [1981] noted that as smoke density increased,
individuals began to fear the smoke and experienced physical irritation as well
asan elevated apprehension that severely hampered their concentration. Miners
who escaped the three mine fires reported psychological and physiological
effects similar to, and in some cases more dramatic than, those experienced by
participantsin Jin'sexperiments. Of the 48 minersinterviewed, nearly one-half
of them (48%) reported experiencing somelevel of emotional instability asthey
made their way through the smoke-filled escapeways.

Severa minerssaidthat they becamefrightened when they first encountered
smoke. In some cases, fear of smoke severely hampered miners' ability to con-
centrate and perform motors tasks such as those associated with donning an
SCSR. Thewireman, who had been inthe 7 Butt section of Cokedale Mine, was
ridingin ajeep with the section bosswhen they encountered smokein the 8 Face
track entry:

We werein thejeep, and we hit smoke. | got all scared you know, al,
what the hell we going to do, you know, all this smoke...And | was on
the jeep, and [the boss] said, "Get your SCSRs on." And I...opened
mine up and | was like shakin' like a leaf, couldn't get the damn thing
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open. And[theboss]...said, "Here, pop this, stick thisin your mouth..."
I mean, | couldn't get the damned thing, | was so damned scared | didn't
know what else, | didn't know what the hell to do, you know.

Other miners said they began to fear the smoke when it became thick and
heavy. Apprehension about the smoke caused one of the shuttle car operators
at AdelaideMineto experiencedifficulty breathing, eventhough hewaswearing
an SCSR and was protected from the smoke. When his crew encountered heavy
smoke hillowing from an overcast that they had to cross at the intersection of
3 Left and 2 Northwest Mains, this miner experienced tremendous anxiety:

Wewent into that smoke and | couldn't breathe and was gagging on that
self-rescuer. | couldn't breatheany at al...I couldn't goin [that smoke].
I guessit may be psychological or something about being in that smoke
or something. | couldn't breatheat all. In[the smoke] | was gagging but
as soon as | would come out of there, it seemed like | was breathing
better, alittle bit better.

Because of his experience, the shuttle car operator chose not to follow his
buddies into the heavy smoke at the overcast. Instead, recognizing where he
was, he decided to follow another route that led him across 2 Northwest Mains
and down theright-sidereturn escapeway to apoint outby thefire. Thisdecision
is significant because several of the miner's buddies, believing him to be lost,
risked their lives by going back to the overcast to look for him after everyone
had reached safety.

Whilesomeminersbecameafraidinthesmoke, othersbecame confused and
disoriented. This inhibited some miners' ability to think clearly and respond
functionally to the situation. The Federal mine inspector, who escaped from
4 South at Brownfield Mine, had conducted numerousinspectionsinthe sections
off 6 West Mains and was moderately familiar with the layout of that portion of
the mine. Nevertheless, he reported becoming disoriented and confused in the
heavy smoke, especially toward the end of his ordeal as he made hisway from
the belt entry to the track:

Assoon as| found the crosscut, | went in because | didn't want to miss
it and | went to the end of the crosscut and run into a permanent
stopping. Well, | started looking for the door and it seemed like | was
lost. | wasn't lost but it seemed like | was lost because | got sort of that
feeling, well, | know that door is here but | just couldn't find it.

After getting into the track entry and traveling another crosscut, the inspector
reported seeing lights ahead of him, but he was not sure of their significance
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"I could see lights ahead of me. | could see these lights...[but] the lightsreally
didn't mean anything to me."

The 4 South section mechanic wasin the same escape group as the Federal
inspector. After the escape group broke up, the mechanic continued traveling
outby along the beltline. Even though the belt entry led directly out of the
section to 6 West mains, the mechanic became confused and disoriented in the
smoke:

I didn't know my way out of there. | lost all orientation how to get out
of there. | knew my way out, but | forgot. It wasjust a panic thing.

Jin[1981] noted in interviews with test subjects that, as the smoke became
thicker, some individuals became apprehensive as they wondered what would
happen next. Based on these findings from a controlled experiment, it is not
surprising that minerswho escaped thefiresexperienced similar mental anguish
when thoughts of what lay ahead entered their minds. Minerswho experienced
emotional instability reported thinking about many different thingsasthey made
their way through the mine. The foreman of the crew escaping from 8 Face
Parallels said, "Your heart's thumping and al kinds of goofy crap's going
through your head.” Some minersthoughtsturned to their families. A brattice-
man who escaped with the crew from 3 Left at Adelaide Mine said he thought
about never seeing hisfamily again: "I kept thinking, | want to get out. | don't
want to diein here, | want to see my wife and kids."

Other miners experienced thoughts of not escaping thefireand dyinginthe
mine. The shuttle car operator, who left his crew at the overcast to explore
another escape route, said, "l thought | was going to die right there in that
smoke." Several miners said they thought about the Wilberg Mine disaster and
wondered to themselvesif they were going to meet the samefate astheir fellow
miners did in December 1984:

But what was in everybody's mind was the thing that happened at
Wilberg. Mysdlf, | thought we wasn't going to go, to get out.

And my personal thoughtswerethat it wasaWilberg disaster, and that's
al that wasin my mind.

While some miners only thought about the possibility that they were going
to die in the smoke-filled entries, others had virtually given up hope. After
checking the left-side intake of 6 West Mains at Brownfield Mine and seeing
that it wasfull of smoke, aroof bolter operator from 5 South made hisway back
to where several other miners were waiting:
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And there was a couple of rock dust guys right there. | sat down with
thoserock dust guysand | figured thisiswhere | bunk—thisisit. | was
just going to say goodbye to the world. | couldn't see anything.

In another instance, the miner operator from 4 South at Brownfield Mine
reported being also ready to die. He had been evacuating with the section me-
chanic, the Federal inspector, and another miner. While traveling along the
4 South belt entry, the miner operator experienced great difficulty. He was
having problemsbreathingwith his SCSR, became di soriented and unableto see
in the smoke, and kept falling down in the mud. After falling down for one last
time, and after his buddies had left him, the miner operator gave up:

So | was there by myself and | was down in the mud. | remember just
stopping acoupleof timesand just, you know, wishing it would get over
with, amost wishing I'd die or something, just to get it over with. It was
ahorrible feeling.

Itisevident fromthese accountsthat minersexperienced great emotional trauma
while escaping through the smoke-filled passageways. In some cases, miners
ability to concentrate, make informed choices, and take appropriate actions
during their escape was severely hampered by the need to deal with emotional
effects of the smoke.

Besides having to cope with the psychological effects of smoke in their
escape environment, many miners had to contend with physiological elements
aswell. Smoke clouds carry CO aswell as sensory irritants, both of which are
byproductsof combustion. Asmentioned earlier, Jin[1981] measured COlevels
and calculated theratio of CO to optical density asD/CO. Itisworth noting that
the ratio observed by Jin (D/CO =6.10 x 10 (ppmim) ™) isidentical to thevalue
quoted by Litton [1989] for smoldering wood. Therefore, depending on a
person's familiarity with hisor her surroundings during afire, the levels of CO
that are present when smoke visibility reachesits critical level lies somewhere
between 10 and 35 ppm.

Relationship Between Critical Levels of Smoke and CO

InJin'sexperiment, thesecritical levelsof optical density weremeasuredfor
wood smoke. Depending on the actual material burning and the resultant char-
acteristics (both physical and chemical) of the smoke produced, these critical
values could increase or decrease. Clearly, acritical level of optical density at
which the range of visibility isreduced to =1 m represents an upper limit. The
range of visibility is defined as the distance at which the light obscuration
exceeds 86% (or, the transmissionislessthan 0.14). At al-m visibility range,
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the critical level of optical density is0.92 m™. Thisvalue should be considered
as an absolute maximum value based solely on reduced visibility.

Using the data of Litton for the ratio of CO to smoke optical density, it is
interesting to compare the expected levels of CO that would be present at the
values of optical density equal to 0.22 m™ (the maximum critical level reported
by Jin) and 0.92 m™ (the absol ute maximum), discussed above. Theselevelsare
shown in table 7.1 for smoldering fires and in table 7.2 for flaming fires.

Data have been acquired in full-scale tests at Lake Lynn Laboratory which
demonstrate the levels of visibility that occur asafunction of the CO level. In
these tests (see figure 7.1), placards were placed at fixed distances from a
cameraand irradiated by awhite light. Astime progressed during these tests,
the smokelevel increased, eventually obscuring the placards. Asthese placards
disappeared in the smoke, the levels of CO at the times of their disappearance
were measured.

Figure 7.2 indicates the visibility (in meters) measured as afunction of the
CO level (in parts per million). The solid line indicates the level of visibility
predicted from smoldering coal fires, while the dashed line indicates the level
of visibility predicted from flaming coal and styrene-butadiene (SBR) belt fires.
It isimportant to note that during the large-scale experiments, theinitial levels
of CO and smoke come from asmoldering coal fire whilethe later levels come
from a flaming coa and conveyor belt fire. In figure 7.2, the level of CO at
which the coal fire ceases to smolder and begins to flame is indicated by the
arrow. Theimportance of these datais apparent: significant reductionsin visi-
bility occur at relatively low levels of CO (10-20 ppm).

Table 7.1.—Visibility as a function of CO level in smoldering fires

Combustible E{’p”(‘)ggrf]‘ﬁl E{’p”(‘)g?rf]‘ﬁl
Wood ..................... 36.0 150.0
Coal ........ ... ... 9.0 38.0
SBR conveyorbelt ........... 2.5 10.5
PVC conveyorbelt ........... 3.0 12.5
Neoprene conveyor belt ....... 7.0 29.0
PVC line brattice . ............ 11.0 46.0

Table 7.2.—Visibility as a function of CO level in flaming fires

. ppm CO at ppm CO at

Combustible D" 0.22 mt D" 0.92 mt
Wood .......... ... 56 234
Coal ............ ...t 17 71
SBR conveyorbelt ........... 19 79
PVC conveyorbelt ........... 42 176
Neoprene conveyor belt . ...... 32 143
Transformerfluid . ............ 7.5 31
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Figure 7.1.—Depiction of experimental setup in A-drift at Lake Lynn Laboratory.
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Figure 7.2.—Visibility measured as a function of CO level.
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Depending on the material burning, other toxic and irritating elements can
be produced. For conveyor belts, in particular, the generation of HCI vapor due
to chlorine in the belt, as either a component of the base polymer or as an ad-
ditiveto makethe belt moreflame-resistant, isan example of such anirritant and
also represents a potential toxic hazard in addition to the CO produced. Smith
and Kuchta [1973] have measured the levels of HCl and CO produced from
flaming SBR and polyvinyl chloride (PV C) conveyor belts. They found that the
ppm of HCI is equal to 0.105 times the ppm of CO for SBR belts and 0.205
times the ppm of CO for PVC belts. Similarly, for smoldering conveyor belts,
Egan [1992] finds that the ppm of HCI is 0.30 times the ppm of CO for SBR
belts; 0.40 for PV C belts; and 1.0 for neoprene belts.

For CO, the level quoted as being immediately dangerousto life and health
(IDLH) is 1,500 ppm; for HCI, 100 ppm [Mackinson et al. 1980]. If one uses
these numbers as critical values and assumes them to be additive, then atoxic
environment is produced downstream of afire when the following condition is
satisfied:

« ppm CO 5, PPM HCl
1,500 100

TOX P 1.0

Using the levels of HCI produced relative to the CO, tables 7.1 and 7.2 can be
used to generate valuesof TOX at theindicated levels of smoke optical density.
These are shown in tables 7.3 and 7.4.

Table 7.3.—Values of toxicity at indicated levels of optical density in smoldering fires

. TOX at TOX at
Combustible D" 0.22 m& D" 0.92 m&
Wood ... 0.024 0.100
Coal ........ ... ... ... . 0.006 0.025
SBRconveyorbelt ................... 0.009 0.038
PVC conveyorbelt ................... 0.014 0.059
Neoprene conveyorbelt . ... ........... 0.075 0.313

Table 7.4.—Values of toxicity at indicated levels of optical density in flaming fires

) TOX at TOX at
Combustible D" 0.22 m& D" 0.92 m&
Wood ... 0.037 0.155
Coal ....... ... ... .. ... 0.011 0.046
SBRconveyorbelt ................... 0.033 0.138
PVC conveyorbelt ................... 0.114 0.476
Transformerflud . . ................... 0.005 0.021
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Only aflaming PV C conveyor belt produces toxic products of CO and HCI
to such an extent that the combustion products begin to pose a severe toxic
hazard. This occurs at the maximum allowable level of optical density. Itis
clear from tables 7.3 and 7.4 that the presence of smoke poses a more severe
impediment to survivability and eventual escapefromfirethanthetoxicity of the
gases produced.

It is interesting to note several subjective observations regarding smoke
irritation made by Kissell and Litton [1992] during a conveyor belt firetest. In
levels up to 40 ppm CO, test subjects experienced some labored breathing and
mild eyeirritation. When CO levels reached 80 ppm, individuals experienced
hard breathing and stinging of the eyes. At 160 ppm CO, subjectsfound it very
difficult to breathe and reported severe eye irritation. Participants also stated
that they could barely see. These resultsindicate that severe sensory irritation
canoccur at CO level shel ow thosethat woul d cause carboxyhemogl obin danger.

Experiencing Smoke Density and Physical Discomforts

The studies reported here indicate that smoke density and the physical ir-
ritants produced pose a greater threat to escaping miners than the levels of CO
and other gases, which do not reach toxic levelswhen thecritical optical density
isreached. In the three mine fires, however, some miners could have been in
danger had CO levels been high enough. The reasonisthat most of the miners
who escaped did not really understand the dangersthat combustion productscan
pose. Minerswere asked if they thought about the presence of CO during their
escape. One miner provided his thoughts:

WEéll, the way | was thinking, we was on the intake side...and was just
starting to get some smoke. When we went in the return, it wasn't even
heavy as that, so why worry—you know what | mean—as long as you
can't see the smoke.

Although research has shown that the levels of CO and HCI do not appear
to always reach toxic levels in thick smoke, a number of miners reported
experiencing moderate to severe physiological effects, particularly sensory
irritation. Slightly morethan one-third (34.8%) of the minerswho escaped said
they experienced various problemssuch aschoking, coughing, and eyeirritation.
Some miners said that they traveled barefaced through smoke before donning
their SCSR and subsequently inhaled smoke. A mechanic at Cokedal e, escaping
with his buddies from 8 Face Parallels, described his experience with smoke
inhalation:

The section wasreally starting to fill with smoke, | had never had such
adry mouth or throat; it'salmost like you could spit dust. | meanit's so
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dry, that's the one thing | remember vividly. And at that point, the
smoke had started to uh, to overcomeme. | was choking, coughing, and
gagging and at that point, | took it upon myself to use my small [filter
self-] rescuer.

Some miners experienced eye irritation from particulates in the smoke.
A trackman who escaped from 7 Face at Cokedale said, "My eyeswere affected
somewhat. They were extremely red when | got outside.”

It is understandable why miners experienced emotional instability during
their escape through smoke from these fires. However, one might question why
more than one-third experienced physiological problems since miners would
have been offered respiratory protection from either their SCSR or FSR and eye
protection from the goggles contained intheir SCSR. These problemsareeasily
explained: besides removing the mouthpiece to breathe, as mentioned earlier,
nearly 48% of the miners who escaped also took the mouthpiece out in smoke
to talk. Subsequently, miners inhaled smoke and various contaminants which
caused them to experience breathing discomfort. The interviews also revealed
that few minerswore the goggles supplied with their SCSR to protect their eyes.
Many of the miners said that the goggles fogged quickly and hampered their
vision. Asaresult, morethan 63% of the escaping minerssaid they did not wear
the goggles for that reason.

One of the most interesting problems that affected miners emotional
stability during escape was the unanticipated presence of smokein certain areas
of themine. Ventilation systems can be extremely complex and made up of four
or more air shafts, tens of miles of aircourses, and hundreds of stoppings and
overcasts. Thisisespecialy trueinlarge, older minessuch asAdelaide, Brown-
field, and Cokedale, where air must travel several miles from an intake shaft
through intake entries to the working sections and back to the shaft via return
aircourses. Where air must traverse such considerable distances through older
aircourses, excessive air lossis common. Depending on the mine, it is not un-
usual to lose between 30% and 50% of theair beforeit ever reachesthe working
sections [Mosgrove 1981; Stefanko 1983].

Air lossisdueto avariety of reasons, including frictional resistancein the
aircourses and leakage across stoppings and overcasts. In aminefire, air leak-
ageacrossventilation devices can result in significant amounts of smoke making
its way into escapeways and other entries. To demonstrate, a U.S. Bureau of
Mines investigation by Litton et al. [1991] studied the detection of conveyor
fires. For thisexperiment, researchers placed a pile of coal beneath a section of
SBR belt. Air velocity in the test tunnel, designed to simulate a single mine
entry, was 10 m/sec (200 fpm), while the air quantity was 7.6 m%sec (16,000
cfm). Researchers then monitored combustion productsin the air 20 m (65 ft)
downstream asthe pile of coal smoldered, burst into flame, and then set the SBR
belt on fire. Data obtained from this study were then used to calculate
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contaminant and visibility levels, resulting from air |eakage across stoppings, in
ahypothetical escapeway that might be located adjacent to an entry containing
a fire [Kissdl and Litton 1992]. These calculations reflect conditions
60 minutes into the fire. The concentration of contaminants in the escapeway
(C,) was determined using the dilution equation:

C.- Cf[ % ]
Q.% Q

where C; isthe contaminant concentration in thefire entry, Q, isthe quantity of
air leakage, and Q, is the quantity of air in the adjacent escapeway. Assuming
a Q. of 9.4 m¥sec (20,000 cfm) in the escapeway, a CO concentration (C;) of
2,700 ppm in the fire entry, and a Q, of 0.94 m*/sec (2,000 cfm) across the
stopping line, aCO concentration of 245 ppm was cal cul ated for the escapeway.
A similar calculation was performed to determine the optical density in the
adjacent escapeway. Using the optical density value, avisibility of 0.3 m (1 ft)
was calculated. These resultsindicate that visibility reaches minimum accept-
ablelimits at relatively low leakage levels.

The reason an unanticipated presence of smoke helped elevate workers
apprehensivenessisthat minerstended to have certain predisposed beliefsabout
how the ventilation system should function and, consequently, where the smoke
should be encountered under "normal” conditions. Inanormal situation, fresh
air comesinto the mine viathe intake air shaft, traverses the mine entriesto the
section, sweepsthe faces, and then makesitsway back to the upcast air shaft via
the return aircourses. ldedly, air flow should occur with no air leakage across
stoppingsand overcasts, provided all ventilation devicesareintact and mandoors
are closed. However, minimal leakage is inevitable in any ventilation circuit
regardless of how well stoppings and overcasts are sealed. Typically, acertain
amount of air leakage will occur acrossmandoors, especially if they areleft gjar.
As calculations reported by Kissell and Litton [1992] show, smoke will make
its way across ventilation devices into escapeways and other entries as a result
of leakage.

About 37% of the minerswho escaped thefiresat thethree minesapparently
never considered the fact that air would leak across ventilation devices and
introduce smoke into entries that they assumed should be clear. Surprisingly,
some miners had misconceptions of how the smoke from the fireswould travel.
Asaresult, some groups of workers decided not to continue their escapein the
smoke-filled intake escapeways or track entries and chose instead to moveinto
the return aircourses, believing that the smoke there would be lighter or non-
existent, since it would have to make its way to the faces before reaching the
return entries. A continuous miner operator at Adelaide Mine, who was
escaping with his crew from 1 Right section, elaborated on his crews' decision:
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Then if you have smoke in your intake, we were always taught to get
into your return, and then keep checking until you see clear intake. So
wegot inour left return. Therewas no smoke becauseit hadn't reached
up to the face and come back down the return.

At least one miner thought that by getting into the return, he and his crew would
be safe, again because of abelief that any smoke in the intake must travel to the
faces:

We started in the intake escapeway, yeah. And whoever's decision it
was, | don't know, because when we hit smoke, we decided it wastime
to get in the return because we figured all the smoke would have to go
up to the unit or the face and come down behind us. So we're clear and
out of all danger.

When miners encountered smokein areaswherethey did not expect it, they
began wondering how the smoke got there. A bolter operator described his
thoughts:

| think that was the thing that threw alot of us off was when we came
to thereturn, we hit the smoke on the haulage, we went over and we hit
smokeinthe belt entry, we got over into thereturn and it was still pretty
clear. Because we went down 10 or more blocks, 15 blocks, whatever.
That's when we starting hitting smoke [again]. Now, we got smokein
all, all the escapeways, you know. What iswrong?

In some cases, minerswho becameemotionally distressed assumed theworst
when they encountered unexplained smoke. A utilityman quickly surmised that
thefire had burned compl etely acrossthe section when hiscrew hit smokein the
return:

We were in the return by then and it was filled up with smoke and
| knew wewerein serioustroublethen, we had along way to go and we
werealready full of smoke...At that time, | couldn't get through my mind
how we had smoke in the return escapeway that quick. | said, what did
it do, burn all the way across and we don't have any way out how?

In fact, there were plausible explanations why smoke was being found
unexpectedly invariouslocations at thethree mines. Asmentionedinan earlier
chapter, alarge quantity of air was being used to ventilate the 2 Northwest belt
entry at Adelaide. Because thiswas ahigh-pressure entry, vast quantitiesof air
quickly leaked across ventilation devicesinto adjacent intake and track entries,
especially between the fire location and the mouth of 3 Left. As a result,
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significant amounts of smoke bled into these adjacent entriesand eventual ly into
thereturns. Thisexplainswhy the crews escaping encountered heavy smokein
al entriesincluding the returns.

Several crewswho escaped thefireat Brownfield Mine experienced similar
situations, encountering smoke unexpectedly. Knowing that the beltlinewason
aseparate split of intake air, miners escaping from the 5 South section decided
to follow the belt, believing they would have clear air all the way out. When
they encountered smoke in the belt entry, however, miners became concerned:

We started down the belt because we figured the belt should have been
neutral, really, but by the time we got there, the smoke was already on
the belt line...we still can't figure out how the smoke got on the belt.
Nobody—our boss can't figure out how the smoke got on the belt line.
We should have been able to go down and get out the belt.

Misunderstandings about where smoke shoul d be was not confined to rank-and-
fileminers. The mine inspector who escaped with the 4 South crew at Brown-
field had a similar misconception. Knowing that smoke was aready in the
intake escapeway, the inspector checked the belt entry and found it to be clear.
The section foreman, after conferring with the inspector, decided to take his
crew downthebeltline. All thewhile, theinspector thought the belt entry would
be clear for the entire distance: "I really believed that the belt entry would be
clear the entire way."

Some individuals, though, did think about why they were encountering
smoke in certain locations and reasoned what was causing the problem. The
mineinspector who escaped from4 South at Brownfield Minehypothesi zed | ater
that amandoor had to have been left open for there to be thick smoke in the belt
entry:

To thisday wereally didn't conclusively come up with an answer why
that belt got contaminated. We checked the [stoppings]. | understand
[stoppings] do leak somewhat but not to go from no smoke to thick
heavy smoke in a matter of minutes. [Stoppings|] don't leak that much.
Someone |eft the doors open into that belt, also. | believeit.

Atleast oneminer at Brownfield Minewasthinking clearly about why therewas
so much smoke in the belt entry. He was traveling with his buddies from
5 South:

Thick smokewasinthebelt [inesbeforeit wasin thereturn...somebody

goofed and opened something and left that air in. My opinion is that
somebody opened the doors right across [4 South] ramp.
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Finally, some miners at Cokedale Mine were perplexed by the way smoke
"behaved" in the mine air courses, especialy the return escapeways. Miners
escaping from 8 Face Parallels were traveling in the return escapeway that led
to Crystal air shaft. Theworkers noticed that there were pointswhere the heavy
smoke they were traveling in would suddenly lift and the air would become
moderately clear. The miners might then travel several crosscutsinthisclearer
air until they encountered heavy smoke onceagain. A mechanic whowasinthe
group escaping from 8 Face Parallels describes this occurrence:

We headed out thereturn and we had gotten so far and it cleared alittle
bit, and we were kinda relieved, but then for some reason we hit the
thick smoke again. It didn't clear completely but it looked like it was
gonna clear, but then we went afew more blocks and it got real thick
again. Why it was clear in that area I'm not really sure.

Because the smoke behaved in this manner, miners experienced afal se sense of
security when they reached the clearer air, only to find that the heavy smoke
wouldreturn asthey continued their egress. Thisundoubtedly helpedtoincrease
workers' anxiety as they escaped from the mine.

Discussion

Research on human behavior in smoke has shown that (1) people not fa-
miliar with escapewaystend to experience higher level sof emotional instability,
and their ability to escapefromafireisseverely reduced whenthevisibility falls
below 13 m and (2) subjects familiar with escapeways experience relatively
more problemswith physiological effects of smoke, and their escape ability be-
comes hampered when thevisibility fallsbelow 4 m. Fireresearch dataindicate
that smoke reaches levels of untenability significantly earlier than it takes the
fireto generate atoxic environment dueto its product gases. It isonly whenthe
levels of smoke begin to totally obscure visibility that the toxicity of the com-
bustion productsbeginsto play aroleinthe question of escape and survivahility.

Most of the minerswho were caught inby the fires discussed here had never
escaped through smoke. Asaresult, anumber of workersexperienced emotional
instability that resulted from the need to cope with smoke in their escapeways.
Thepsychological effectsof smoke, in someinstances, inhibited workers ability
to think clearly, make correct choices, and take proper action during their
escape. In addition to suffering emotional upset during their escape, a number
of miners also experienced some physiological effects of smoke, including
smoke inhalation and eye irritation. In short, miners ordeals in smoke when
escaping mine fires confirm the findings of the research.
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While underground miners must receive retraining annually on topics
including mine ventilation, escapeways, emergency evacuation, and the use of
SCSRs, it is evident that workers who escaped these three mine fires still were
not adequately prepared to escape through smoke. Inthefuture, mine operators
may wish to consider offering smoke training to their workers as part of their
annual retraining regime. Miners could don an SCSR training apparatus and
then traverse amanmade network of corridorsfilled with nontoxic smoke. This
type of training would allow minersto practice escaping through a smoke-filled
environment, plus experience breathing through an SCSR.
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CHAPTER 8.—WAYFINDING AND ESCAPE BEHAVIOR

The notion of wayfinding, as conceptualized by planners, geographers, and
psychologists, denotes the ahility of an individual to move from one point to
another through physical space. In order to achieve this movement, a person
relies on a cognitive map of spatial representations [Passini 1984]. Which
features of this cognitive mapping will be stressed depend, in part, on the re-
searcher's perspective. A planner, for instance, would tend to emphasize the
effect of physical structures on mobility. A psychologist, on the other hand,
might focus on individual differences in how human minds encompass and
represent physical space [Evanset a. 1984]. Thereisyet another dimension to
wayfinding that needs consideration, and it rests upon the idea that reality, as
experienced by human beings, is mediated: "[People] have preselected and
preinterpreted this world by a series of commonsense constructs...which help
them find their bearingsin their natural and socio-cultural environment and to
come to terms with it" [Schutz 1967].

These "common sense constructs' are arrived at socially and constitute the
agreed-upon schemas that guide peopl€e's everyday activities. Accordingtothis
principle, cognition isgoverned by some nonlogical factorsthat reflect not only
individual proceduresbut collective onesaswell. Thesegroup strategies, which
are shaped by shared rules and values, influence "the information gathered, the
ways it is processed, the inferences that are drawn, the options that are being
considered, and those that are finally chosen” [Etzioni 1992]. From this per-
spective, cognitive maps, rather than being individual-centered templates of
environmental images[Rovine and Weisman 1989] or representations of spatial
relationships [Evans 1980], are partially group-centered schematic processes.
Assuch, they are subject to reinterpretation, revision, and outside intervention
[Kaplan and Kaplan 1982].

As intermediaries between the environment and behavior, cognitive maps
serveasbasesfor decision-making. Traditionally, it hasbeen assumed that good
maps facilitate correct decisions, which in turn leads to optimal performance
during wayfinding [Hunt 1984]. Given the argument that thereisasocial (non-
cognitive) facet to cognitive mapping, however, thisimage of a cognitive map
as some sort of static reference construct that motivatesindividual action istoo
narrow and mechanistic. If cognition involveslessaknowledge of the environ-
ment than it does the process of "giving it meaning through imposing an order
onit" [Rapoport 1976], then wayfinding behavior isnot just afunction of setting
and individual differences, but is aso afunction of one's "normative-affective"
structure [Etzioni 1992].

Rapoport [1976] used such an assumption asthe basefor aset of hypotheses
about the connection between "external demands' and "organismic factors."
One significant assertion deriving from Rapoport'sideasis that environmental
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knowing, the way people order their spatial world and act withiniit, is partialy
dependent on "cultural habit." Camic[1992], citing the 19th century French so-
ciologist Emile Durkheim, underscored thisfunction of cultural habit by noting
that as long as an equilibrium exists between the environment and individual
dispositions, action takes place without much reflection. That is because hu-
mans behave habitually. Furthermore, these habitsare external totheindividual
since they are a product of socialization, and constrain people by imposing
customary practices upon them.

An interesting implication becomes apparent at this point. Just asthereare
supposed to beindividual characteristics of spatial representations, there ought
to be cultural onesaswell. In other words, every social group will share some
distinct cognitive categoriesthat hel p itsmembersorder theworld conceptually.
Whilethese"noticeabledifferences’ [Rapoport 1976] may be more pronounced
between a simple society and an industrial nation, it islogical to assume that a
certain amount of taxonomic differentiation will also exist within a populace.
Even researchers who do not engage in cross-cultural comparisons can till
contributeto agreater understanding of wayfinding behavior by focusing onthe
immediate cultural context within which spatial problems are defined and
solved. This chapter intends to make such a contribution, while examining es-
cape activities during the three underground coal minefiresthat are the subject
of this book.

The Mine as an Ecological System

In effect, coal miners spend their working days encapsulated in a gigantic
maze that may lie a thousand feet below the Earth's surface. The floor of this
maze is composed of fire clay, its walls are unmined coal, and the ceiling is
made up of date or shale. The height of a particular coal seam determines if
workers must crawl from place to place or whether they will be able to stand
upright and move around freely. Seam heights vary from less than 3 ft at one
operation to 12 ft (or more) at another. In either instance, workers environsare
well-defined and rigidly bounded. Thissection containsadiscussion of how the
process of extracting coal and the culture miners have created hel psthem make
sense of this environment.

Because underground coal mines are dangerous, rules have been promul-
gated to help support and protect workers. For instance, Federal regulations
(30 CFR 75) require that a routine communication system be installed in each
mine. This system must include a telephone (or some other two-way device)
connecting the surfacewith each working section. Theregulationsalso mandate
installation of automatic fire warning devices on each underground belt
conveyor. Thesedevicesmust furnish audible and visual signalsat either of two
locations: (1) all work areas where miners may be endangered or (2) a staffed
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location at which personnel have an assigned post and there is telephone or
similar communication with all workers underground who may be endangered.
Finally, theFederal codestipul atesthat underground operationshaveto maintain
separate and distinct passages, to be designated as escapeways, which are
properly marked by reflective signsand symbols. There must be at least two of
these travel able escapeways, one of which is to be ventilated with intake air,
extending from each working section to the mine's opening.

While formal rules are critical, the most immediate source of support and
protection miners have is their workplace culture. Social scientists recognized
early that work groups share some sort of informal structure, but have agreed on
neither itscoherencenor overall importance [Roethlisberger and Dickson 1947,
Roy 1953; Stoddard 1968; Bryant 1972; Schwartzman 1986]. It has been argued
by those studying dangerous occupations, however, that arather cohesive body
of beliefs, values, and behavioral norms exists in risky work settings. Fur-
thermore, these cultural elements function to increase certainty of action by
subordinating individual will in order to realizelarger group objectives[Hayner
1945; Janis 1968; Fitzpatrick 1974; McCarl 1976; Vaught and Smith 1980;
Smithand Vaught 1988]. Theseargumentsare supported by thework of Kaplan
and Kaplan [1982], who pointed out that any culture, in order to be viable, must
be a mechanism for coping. The three avenues through which culture should
provideatemplatefor individual cognition, accordingto Kaplanand Kaplan, are
(2) relating people to ecological constraints in their environment, (2) guiding
interpersonal behavior by enabling one to anticipate his or her cohort's likely
actionsin a particular situation, and (3) orienting members to the larger world
that they might be expected to deal with.

Theecology of an underground coal mineisoneinwhich humansarebusily
creating a void beneath the Earth's surface. This act produces dust that is un-
healthy, because some of it is respirable and dangerous. Explosive gases are
liberated during the mining process and water may seep in from disturbed
aquifers. Additionally, massive forces brought to bear upon the newly exposed
mineroof and coal pillars present the possibility of cave-insor floor upheavals.
Men and women work routinely in the face of these hazards, because they can
draw uponastock of accumul ated knowledgeintended to hel p them control such
situations. Mine workers believe that they will be able to grasp both obvious
and subtle cues about changing conditions and take action in time to prevent
mishap, which gives miners a feeling of mastery over their work environment
[Althouse 1974].

Workersunderground recognize, of course, that nonroutine eventsdo occur.
Thisisamajor reason why they expend so much effort achieving mastery over
the social domain. An elaborate unwritten normative structure has evolved to
ensure group cooperation and individual predictability in the mine setting. The
details of miners' preoccupation with rules of interpersonal behavior and the
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ritualistic sanctioning mechanismsthey invoketo enforcethese normshavebeen
discussed in other publications [Lucas 1969; Althouse 1974; Fitzpatrick 1976;
Douglass and Krieger 1983; Smith and Vaught 1988]. The point to be made
hereisthat inthisenvironment, asin otherswheregroup survival isproblematic,
thereislittle tolerance for personal aggrandizement. Rather, alot of concernis
focused on the ideals of shared expectations and coordination of efforts.

The resulting consensus, based on workplace norms, impliesthat everyone
has approximately the same cognitive map of their underground world. Ac-
cording to Kaplan and Kaplan [1982], such uniformity is of benefit to the
members of any culture because, asthey put it, "Sharing and affirmation...lead
to conviction, which in turn reduces...the confusing." Thistype of arrangement
is especially functional in coa mining, where section crews must labor as
cohesive unitsin order to perform their tasks safely [V aught and Smith 1980].
Cohesion does not, however, imply rigidity. It should be obvious that no cog-
nitive structure which did not provide a great deal of flexibility could serve as
a coping mechanism in the underground environment. Thusthere exists, on an
individual level, atension between control and complaisance. Aswill be seen
in the analysis, this contradiction is apparent when miners must draw upon
cognitive templates to devise escape strategies during emergencies.

How Workers' Ability Will Be Analyzed

It wasstated in the section abovethat workershaveroughly the same cognitive
map of their mine environment. That isto say, each miner carries an internalized
representation of direction, distance and material structures, which alowshim or
her to interact and work cohesively with othersin the setting. In an elaboration of
this notion that coherency is a requisite of crew functioning, workers environ-
mental cognition was depicted as orientation not only in natural space, but in a
nonphysica or socia oneaswell. The process of wayfinding, then, may be char-
acterized as "purposeful mobility" [Passini 1984] during which spatial problems
are solved on the basis of systemic images. Results will hence be discussed in
terms of how ecological constraints, interpersona behavior, and conceptual
content affected information gathering, item processing, inferencesdrawn, options
considered, and choi ces made during the escapes under investigation.

Ecological Constraints

Ordinarily, the question of how to exit afamiliar setting will have astrai ght-
forward solution based on environmental information recalled from past ex-
perience [Passini 1984]. In all three mines, the normal means of exit would be
travel by portal bus to the shaft bottom. The fires, however, presented an
unusual factor:
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We had power on the mantrip, so we figured we can get out with the
mantrip. We started out in the mantrip, got out so far, and we hit...
smoke.

Upon finding they could not evacuate along their normal course of travel,
workers were faced with the necessity of generating alternative escape routes.
It was this exigency that changed the behavior at all of these sites from amore
or less automatic series of responses to the known (or expected) into actual
spatial problem-solving activities.

Adelaide

A physical characteristic of the affected sections at Adelaide that had
wayfinding implications was the ventilation setup. Because working sections
were being advanced farther from the main fan and there were alimited number
of intake aircourses going into the 2 Northwest area, it was decided to ventilate
activeworking placeswith belt air. Theoperator requested and wasgranted per-
mission by the MSHA District Manager to make these modifications. Require-
ments contained in the approved request were made apart of Adelaide'sexisting
ventilation, methane and dust control plan. One of the requirements was that
management would install acarbon monoxide monitoring system and locate the
sensors in belt entries at distances of 1,000 to 2,000 ft (depending on air ve-
locity). A second aspect of the plan alowed suspension of the requirement to
separate the belt and track entries with stoppings. In actuality, this had only
been done on 3 Left.

At thebeginning of 2 Northwest, it wasthe belt and track entriesthat carried
most of the air. The belt was a high-resistence entry, however, and lost its air
rapidly. Most of thisair went into the track and an adjacent intake entry. The
result was that perhaps as much as 60,000 cfm of air passed over the belt at the
fire site. Also, the belt entry at that point contained a velocity of more than
1,000 fpm. Thefirethereforehad enough oxygento propagaterapidly, whilethe
smoke-filled air started dumping into the intakes within a few breaks. Thus,
when workersinby the source of combustion began evacuating, they found that
not only their track but all intake entries had been contaminated with smoke.

One of the crew members from 1 Right found a novel use for some of the
lids that were discarded when everyone put on their SCSRs in the smoke:

And when wefirst started out | was picking up thelids...Every timewe
wouldturn | would drop one of thoseorangelids. Becausel figureif we
get down there and we can't get out, because we didn't know where the
fire was, exactly...and we got to backtrack, | wanted to know where
| camefrom. Andif | find oneof themlids, | know that | had been there
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and...follow my way back...I was saving them like Hansel and Gretl—
drop thelittle bread trail.

Another individual, the miner hel per, made use of physical characteristicswith
which he was familiar because he had worked as a fire boss for several years:

There was guys walking up this bleeder—the old bleeder...[There] are
reflectors in there. They were following the reflectors. | told them,
ignorethereflectors, because you're going to get lost. | said, "Keep the
stoppings to your left.”

By using the stoppingsto maintain their orientation, the group wasableto travel
their left return to an area outby thefire.

The 2 Northwest crew had comparatively little trouble finding their way,
sincetheir face bosswasvery familiar with thearea. Becausethey did not know
thefire'slocation and werein such thick smoke, however, thereweretimeswhen
they had problems. The former mine rescue team member recounted the effect
this smoke had on even one as experienced as he:

But from my experience...I thought...we were walking right into this
fire...| started to get alittle upset, alittle tight...And in our returns we
havereflectors...And it'sagood ideaif there'sno smoke but...you ought
to have something in there to grasp a hold of [to] tell you...if you're
going the right direction. You fall down and you get up and you get
turned around, you know, if somebody doesn't know whereyou'regoing,
you could be crawling around down there.

Some of the group, being new to the section, had not walked their escapeways
and were dependent on either being ableto seethe reflectors or having someone
to help them: "I wasn't up on that section [very long] but | know that big man,
the boss, knew how to go and | figured I'm sticking with him." It was the face
boss who kept everyone together and led the group out.

3 Left, asmentioned previously, did not have belt stoppings all the way up.
Asthe crew was on its way out, they "just hit awall of smoke" and had to stop
the mantrip. The group first went into their intake escapeway and, when they
encountered smoke after traveling only afew breaks, got into their return:

When we got to the return, why someone just took off, you know, never
waited on anybody...They panicked and got scared...That's the worst
thing in the world to do...Everybody should stick together and then
there's everybody in one place...They know where you're at; they know
if you're strangled out there.
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The menwho "just took off" were four buddies who had worked on that section
for several years and, as aresult, knew the areawell:

We were all...together because we're al real familiar with that escape-
way...S0 we were more or less in the front, leading the way and the
foreman was back with some of the other people and I'm not sure who
was in—at dead rear..\We were the ones that were picking the
escapeway out.

Those who had gone ahead were also the ones who balked at crossing the
overcast located at 3 Left junction, according to the face boss:

I could see lights coming back at me and they said they couldn't make
it over those overcasts; there was too much smoke. So we started back
because | noticed the 3-by-3 door in thereturn. So | wanted to get back
into theintake. Well, I couldn't find that 3-by-3 door and | knew | didn't
want to start running around in circles. So | sort of collected myself and
we started up over an overcast in the return and in the...sidewall of the
overcast there was a 3-by-3 door and one of my men opened it up and
said, "Thisis the intake escapeway." So everybody went out into the
intake escapeway...We started walking and we were in the intake
escapeway but something didn't look right to me...Around vacationtime
they had dug the sump and you had a path—as you come out your intake
escapeway, the date's on your left side and the path's on the right side
and...I'm walking along and | started thinking something's wrong
because that damned date should be on my left side, not on my right.

When he realized his crew was headed back into 3 Left section, the face boss
decided to get back inthereturn. The crew discussed their next move, then trav-
eled to the overcast once again, where, upon opening the mandoor into their
intake this time, the boss felt air movement on his face and was able to de-
termine which direction the group should go from there.

Brownfield

A physical factor that affected group escapesfrom locationsinby the fire at
Brownfield was adouble set of doorsinthe 4 South supply chute. A door inthe
second set was open to awidth of approximately 6 ft. A locomotive parked in
the chute had been left with its controller set on first point. When the motor
overheated, smoke passed through the open door into the intake aircourse of
6 West Mains. In a short time, the intakes of 4 South and 5 South were
contaminated aswell. Thisforced all minersinby the source of combustion to
evacuate through moderate to heavy "white smoke."
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When smoke was discovered coming up the intake into 4 South, a Federal
inspector who was on this section quickly checked the belt entry. Theinspector
and face boss decided to go out that way, because the belt was clear. Within a
few hundred feet, however, the group encountered smoke on the belt. After
donning their self-contained self-rescuers, the crew continued on down the belt
line. The face boss began looking for away out of the heavy smoke:

| knew there was a crosscut—on 5 South it cut down into our belt line,
and | knew there was awall there with adoor. | thought, well, maybe
if we got to that door and went through it, maybe it would be clear in
there. That was just a future longwall face area; [there wouldn't] be
much smoke in it...So it got to the point where you had to feel therib,
you couldn't see. Y ou might seewater line. | wasfeelingtheribjust to
find out where that crosscut was and finally found the crosscut. We
went up through the brattice door.

The face boss and three men who were with him paused to get their breath and
formulate a plan for exiting the mine:

| told them since the smoke was in the belt line...and track, we were
going to haveto get over into 7 aircourse [of 6 West] Main on the other
side...Maybe that one was clear. That's where | told them we would
probably be heading...And [the smoke] was all heavy, so we continued
across the main and we got out into the track area and it was the same
out there...There was no door to go over into...the intake on the other
side.

Unableto get into 6 West right intake, the face boss and his compani ons decided
to travel outby in the track entry. After going four or five blocks, they found
themselves past the burning locomotive:

I'mkind of glad therewasn't adoor at 7, ‘cause...| guessthey opened the
door on that right side to help clear the smoke out...I would have been
worried if | had gone to 7 and saw smoke on that side, too, 'cause then
I would have known [ mistakenly] we'd have along way to go to get out.

In the next several minutes, the face boss was joined by othersfrom 4 South and
learned that his miner operator was down up the belt line. He then went back
after thisindividual.

Although the 5 South group started to evacuate by way of their intake es-
capeway, they only traveled a hundred feet before deciding to enter the belt
entry. Unlike the crew from 4 South, however, they did not stay there. After
proceeding approximately 400 ft with the smokeincreasingin density, thegroup
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cameto asteel door: "I don't know his name, the bratticeman, he wasfirst. He
went intothereturn." The smokewaslighter here, so everyone continued down
their return until they reached aregul ator at 6 West left-sidereturn. At thispoint
theminersdonned their self-contained self-rescuers. Accordingtothefaceboss,
his crew was somewhat strung out by the time they had gotten outby to the
5 South intake overcast:

A couple guys had already come out and went over this way trying to
get to this door. 'Cause thisis the belt line, track entry, then [6 West
right] intake. In my opinion, they did the right thing, you know, trying
thisway. But then they got out to this intersection here, they couldn't
see...anything, so they turned around and come back to the door.

The face boss then decided to make an attempt to reach the 6 West right-side
intake himself. Telling thosewith himto wait, he opened the door and went into
the belt entry. The smoke was so thick he ran into the belt. The face boss
crossed it and came to a second door:

| opened this door and the power center's setting here. | couldn't even
see that from the door...Right then, | tell you, panic hit, believe me.
'Cause all the teaching and training, everything, these are all supposed
to be separate splits. Well, the first thing that goes through your mind
iseverything's burning. In my opinion, there was no sense even trying
to get [to theright-side intake], so | come back. There's a bleeder pipe
that goes from this overcast over to the power centers and that's how
| found my way back over here. They waited for me. They made up
their minds that they was going to wait 10 minutes for me and then go.
When | come back, the smoke was getting a little bit heavier in the
return...l said, "Y ou guys want to try to make it over there" and before
| said much more...the bratticeman said, "We're ahead of the smoke!
Let's go!" Wall, right then—well, everybody seen the smoke here.
That's when there was not much control, you know, and everybody
started just going.

One of the masons, who thought his SCSR was not working properly, took it of f
and threw it away. The face boss helped him don his filter self-rescuer. The
group, with "everybody stringing out pretty good [by] then," passed across the
overcasts at 4 South, the face boss checking doors as they went. He cameto a
door outby the fire area, opened it, and found fresh air. The boss called
everyone back and they went through that door onto the track.

A maintenance foreman working on 6 West took thefirebossscall. Hethen
gave himself an advantage over members of the other two groups by discovering
the fire's location:
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And | knowed | had to go down past 4 South here...I was the only one
out of all the guys that knowed where the fire was...And the reason for
that is | took and asked [the fire boss] where the fire was.

The maintenance foreman, a mechanic, and a State mine inspector met at the
beginning of the intake escapeway. The three men donned their SCSRs at that
time because they could see light smoke coming up the intake. The group
traveled down to 8 L eft aircourse, wherethey encountered heavy smoke. About
50 ft past that point, unable to see, the maintenance foreman decided to
backtrack:

The smoke was so heavy you couldn't even find the mandoor at the
overcast. But | knowed if | went up one more crosscut and | went up
along the rib pretty close and went into the left and then come back a
crosscut [1'd get] into the return.

The men did this and went through a door into 6 West main return, which was
their alternate escapeway. They proceeded outby in that entry:

And we was probably halfway between 5 South and 4 South whenever
| heard the 5 South crew coming. | heard them coming over the
overcast, and then | wasrelieved alittle bit because | knowed that boss
coming with that crew was real familiar with the mine.

Knowing that the fire was at the 4 South supply chute, the maintenance foreman
continued in the lead. He passed up a mandoor that would have brought his
group into clear air outby the chute, however, and was called back by the
5 South face boss. The 5 South and 6 West groups then entered the intake and
from there proceeded out onto the track.

Cokedale

Oneparticular physical characteristic of that area of the Cokedale Minewhere
both affected crewswerelocated proved to haveasignificant impact on everyone's
wayfinding behavior. The primary (intake) escapeway, which in most mines
would have extended "separate and distinct" to an air shaft or portal, led instead
onto Cokedale's main haulage track. Since the source of combustion was on this
track, that meant the escapeway could rather quickly become smoke-filled. If any-
one possessed a clear picture of the layout and was able to communicate this fact
to his group, no time would be wasted on attempts to evacuate down the intake
entry. Without knowledge of the source of combustion, however, thisprimary es-
capeway should be the first choice. Thus, what might have been a minor com-
ponent of even themaost comprehensive cognitive map becamecritical inthiscase.
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After encountering smoke on their section track, the group from 8 Face
Parallels held "a small discussion as to where we were going to go, what we
weregoingtodo." A trackman, who had just delivered aload of railstothearea
but who was unfamiliar with that part of the mine, recounted his reaction when
those supposedly more cognizant of their immediate surroundings began to
consider going out the intake escapeway:

According to the old laws they didn't have to [route] it to the shaft and
thisfell under [the old laws] since it was an old established section...
And that stuck with me, and when they decided they were going to walk
theintake, | specifically said to [the general foreman], "We can't go out
the intake."

Regardless of this warning, the accounts show that "it was the consensus of
everybody [to] head for the intake." Additionally, the decision seems to have
been based not on any stock-taking but on a generalized training protocol that
suggests miners should always travel their primary escapeway if possible.

A problem arose immediately because "nobody seemed to know how to get
into the intake escapeway from where we were out at the mouth of the section.”
The general foreman mentioned above, who had been leading this group
initially, decided to "go back [and] get into the intake from the face." The
workers then returned to the section in order to enter their primary escapeway.
Everyone walked across the face area, got into the designated intake entry, and
proceeded down it until "we came to an overcast and as we walked over top of
the...steps, you could see on the other side the smoke was coming in theintake."
At about this time "the guys started...making the decisions on what to do,"
although therewas still little discussion taking place. Since there was only one
way out of the smoke—back up the entry to the face—the miners, led now by a
trackman, retreated in that direction.

Onceagain on 8 Face Parallel s section, the group wasfaced with yet another
decision. Given the genera instructions miners receive in training classes,
"naturally the next thing would be...the return [secondary escapeway].” Their
choicewasmadefairly quickly, and, while appropriate under the circumstances,
did not get translated into proper action. In fact, a procedural error was com-
mitted, further compounding the crew's earlier decision error:

So we decided to try the designated return, at which point [the general
foreman] did not know which was the designated return.

Weheaded out...on theright side and...went five or six blocksand...one

of the guysup front noticed there'sno arrows; we'rein thewrong return.
We're not in the return escapeway. So then the bratticeman from the
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section, he said, "Oh, yeah—that's on the other side of the section." So
then we turned around.

For the second time, then, an important item in at least one person's cognitive
map was disregarded, causing the men to travel an additional thousand feet
before ending up back where they had started from.

Regrouping in the face area, several workers decided to gather information
before beginning the next attempt to find their way out. An individual
remembered the section map, which had been hanging in their dinner hole:

| stopped and got the map, read the map, and two other guys...they
stopped and was reading the map with me and...what we wanted to do
was see whereit brought usout...and once we...saw whereit brought us
out...we knew the smoke was coming down there so we knew...the fire
had to be fairly close.

Reassured by this knowledge, the miners entered their designated return es-
capeway and, led by a general inside laborer who had once been a foreman,
finally started their ultimately successful exit from the section.

Those on 7 Butt had a somewhat different experience. According to agen-
eral foreman who waswith thisgroup, "we all started out at the sametime...and
we ran into that wall of smoke [on the track]." When they ran into the smoke
they also collided with a stopped vehicle. Asaresult, one person lost his hard
hat and cap lamp. He was assisted by his buddies as the general foreman
gathered everyone and planned their next step:

| [had] set all the ventilation up down there and | knew basically what
was going on with all the smoke. The intake escapeway would have
been full of smoke.

Informed by his cognitive map of the area, thisindividual was ableto depict for
these miners some of the features that would be affecting their intended escape.
Hefirst told crew membersthelocation of amandoor they should go through to
get into one of their return entries. Next, the general foreman assured everyone
that they would encounter less smoke by taking his course of action. Finally, he
provided a preview of their route:

Thereturn that we started going out was not areturn escapeway; it was
just areturn airway. | told them...we go through the mandoor, follow
[the return entry], ...cross over the overcast, check the doors up there...
get into the return escapeway and follow it up to [the portal].
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Thus, theworkersall had at least alimited notion of where they were going and
how long it would take to get there. Asthe crew walked, the general foreman
was able to keep them updated:

Everybody was asking me where we were...what direction we were
headed. And with the information that | had...I knew first-hand...what
direction wewere headed, ...where the mandoorswere, ...[our] location
[in reference to] the motor road...and where | was gonna bring ‘em out.

With these reassurances, the miners from 7 Butt were able to stay together and
exit their section in an orderly manner.

Interpersonal Behavior

Overall group performancelargely dependson how well group memberscan
play their assigned roles. In nonroutine situations, difficultiesmay ariseif som-
eone who normally holds aleadership position is not prepared. The same may
be said of a person who, because of his or her experience or expertise, is con-
sidered to be "minewise" but who does not use that wisdom. Workersstill look
to these people for guidance. This complication stems from the fact that roles
which people enact during an emergency, instead of being expressy different
from their typical roles, are existing ones that have been carried over and
tailored to unusual circumstances [Best 1977; Johnston and Johnson 1988].
Worker accounts revea clear differences in behavioral patterns within and
among the eight groups under discussion here. This section addresses some of
the ways these and other social phenomena began to have a bearing upon
individuals' use of cognitive maps and their subsequent wayfinding activities.

Adelaide

Thesection foreman on 1 Right had been recalled only recently to Adelaide.
While this might not have been too detrimental to his performance of duties at
the face, he encountered difficulty when he had to extend his leadership role
into emergency circumstances. Theminer operator explained hisattitudetoward
the boss's performance:

Theboss; | can't blamethat boss... Thiswasthe first time he was on the
section in 5 years; he'd been laid off...He...didn't actually know just
whereto go, but [the utilityman] was afire boss at one time, so more or
less...took the lead.
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The utilityman, who was working as 1 Right's miner helper that night, initially
wanted to lead this group through the bleeder system to Peterson shaft:

| told them if we get [back] in the mantrip and...go back to 35 stopping
or 36 stopping, there's a door in a left return. | said, "You can walk
across the bleeders to Peterson shaft." | said, "Let's all get in the
mantrip, we'll go back, and we'll get out of the mantrip, we'll call and
tell them that we're getting out and we're walking to Peterson; they'll
have a mantrip waiting for us at Peterson.”...We was standing by the
mantrip, but they wouldn't get init.

Having failed to convince his coworkersto backtrack, the utilityman then began
acting as advisor to the face boss and crew: "I don't know...They say | [took
charge] but | don't think so...1 just knew whereto go...that'sall." Regardless, the
accounts show that this person’s recognized "mine wiseness' and relationships
with other crew members played a significant part in how his group found its
way out of the mine:

And when we walked down through here, you had to watch because if
you followed the reflectors, you'd end up in this bleeder here or in the
gobs, because they had reflectors. And [the utilityman] kept telling
them, "Hey! Keep the stoppings on your left. If you veer off, you're
going to end up in a bleeder or gob." So twice he had to say, "Hey!
No, no! You're going the wrong way."

Thus, the utilityman apparently used hisfire bossing experience to compensate
for the face boss's lack of familiarity with the areawhilerefraining, in hisview,
from actually assuming control.

On 2 Northwest, the section foreman moved quickly to control the situation,
drawing upon the experience of one of his buggy operators, who had been a
mine rescue team member:

We got everybody together and [the boss] said, "Y ou take the back, I'll
take the front...we're going in single file...Don't let anybody in back of
you...and well keep everybody together." The boss took control...He
told them, "Thisiswhat we'regoingto do." Therewasno, well, | think
we ought to go here; | think we ought to go—we knew what we were
goingto do...whereweweregoing...I had confidencein him; everybody
did...And he had confidence in...me...being from mine rescue.

Thebehaviorsof bothindividual swereconsistent withtheir roles. 2 Northwest's
facebosswasfamiliar with theareaand continued to direct hiscrew. Thebuggy
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operator performed according to certain expectations of his mine rescue role.
This group escaped without undue complications.

Leadership roles on 3 Left shifted during the course of their escape, with
individuals making suggestions or taking the lead at different moments:

I was the first one in line going over the second overcast and when
| seen that smoke coming up out of there, it was so bad, | told everybody
inline, "There ain't no way in hell I'm going...I'd rather have it coming
in my face [than] at my back." And we got back into our intake escape-
way and had the smoke coming in our face.

Some of the miners attributed the vaguely defined leadership in this group to
panic. Another, and perhaps better, explanation stems from the fact that 3 Left
wasa"split crew." Some of the minerswere buddies who had been on the sec-
tionfor several yearsand knew the escapewayswell. Othershad beenthereonly
afew days or weeks and were unfamiliar with the section. They were left be-
hind by those who could more readily find their way. Unlike the foreman on
2 Northwest, who was able to take the head of the line because of help from a
person well-versed in mine rescue procedures, the foreman of 3 Left found it
necessary to stay with the workerswho were having trouble. Hisability to con-
trol the escape was therefore hampered.

Brownfield

There were two individuals on 4 South who possessed not only a certain
degree of "mine wiseness," but who were also in authority positions: the face
bossand aFederal inspector. Asthegroup proceeded down their belt line, some
members began to get ahead of others. Theinspector broached this problem to
the face boss:

| said, "Those guys are getting ahead and | don't think we can slow them
down. Someone better travel with those guys.” There was never any
discussion on who was going to go with them. | said, "Why don't you
go down there and go with those guys and run them ahead and I'll stay
withtheseguys." | knew the mine quite well so | didn't have aproblem
with where we were going or where the aircourses...[were].

Later intheescape, however, theinspector encountered difficultiesof adifferent
sort. One of the two workers he was with (the miner operator) became unable
to continue. The inspector's knowledge of the mine, combined with hislack of
information about thefire'slocation, presented himwith apredicament. Should
he continue his helping role or leave the victim behind in order to save himself?
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| knew wewereinthe belt entry, but | didn't know wherewewere asfar
as getting out to the main but here again, not knowing where the fire
was, | didn't know how far we had to go once we got to the main. Once
we got to the main...if we had to travel in smoke, | knew it would be at
least another hour to get to the portal. So it started to concern me, the
time element and getting out of this section.

The inspector did not immediately make a decision to depart. Rather, he kept
trying to assist until the victim himself suggested the others leave:

Helooked at the mechanic. | saw himlook at the mechanic and he said,
"Y ou guys go. You just leave me here. | can't go no more. I'mjust go-
ing to stay here" | looked at the mechanic and | said, "I got to go.
There is no sense in me staying...| can't breathe now...I can send
somebody back. I'll go out and get somebody. If it's only out to the
main track, there will be somebody, | hope, out there. | can send them
back and | know exactly whereyou'reat..." Evenwhen | told this man
I thought | was out of air, | got to go get help, | was till carrying an
extraself-rescuer and | guess| had taken enough smoke...I didn't realize
| had it.

The mechanic, |eft alone with the miner operator, soon became convinced there
was nothing further he could do:

I didn't know my way out of there. | lost all orientation how to get out
of there. 1 knew my way out, but | forgot. It wasjust apanic thing...so
anyway, | thought, "Well, [the miner operator's] not going to make it;
I'm going to try and get out. So | started out and | was only about a
hundred foot from [the miner operator] when | came through the
overcast and | opened the door and | saw No. 7 and | thought, "Good.
This is fresh air...the way out." | thought | was out to the track, but
I wasonly into No. 4 aircourse. So | thought, "Well, I'm going back in
and get [the miner operator]. I'm this close, we're going to get out of
here."

Buoyed by hismistaken belief that the victimwas only ahundred feet fromfresh
air, the mechanic went back to renew hisrescue efforts. He was soon joined by
the face boss, who brought two replacement self-contained self-rescuers. The
face bossinformed both men that fresh air was just 500 ft away. The mechanic
and face boss then got the miner operator on his feet and supported him as all
three made their way outby the burning motor.
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The workers on 5 South stayed close together during the first part of their
escape. When asked how much planningwasdone beforethey left theface area,
the section foreman replied:

Actualy, therewasnoreal planning until we got down to thisregulator.
We put our self-rescuers on, then we got down and couldn't get out here
[into 6 West right intake] —then everybody knew they was going down
thereturn. Everybody knew wherethey werethen...and thereisnoturns.
Everything's straight in that return.

The section foreman finally cameto a"void" in the smoke where he spotted the
door that led into fresh air. He then shouted for those group members who had
gotten ahead and the crew all exited into theintake and from there into the track
entry outby the fire source.

The maintenance foreman who took the mine examiner's warning call on
6 West asked him where the fire was located:

Well, hetold me therewas afireat 7 Left ramp. He didn't know what
was burning, because he couldn't get in to it. But | knowed how far
| wasfrom 7 Left and | traveled asfast as| could to beat it. Only you
don't beat those things. | found that out real quick.

The maintenance foreman reported that he walked ahead of the mechanic and
State mine inspector who were with him, looking back frequently to make sure
they were keeping up. Therewaslittle discussion among the three, because the
maintenance foreman was familiar with the area and knew what point the group
needed to reach in order to be outby the fire.

Cokedale

One early problem for 8 Face Parallels (8FP) stemmed from the fact that
Cokedal €'s dispatcher, whose functions may be envisioned as somewhat akin to
those of an air traffic controller, did not inform everyone of the fire's location:

He was trying to cal the other section right away. So...| can
understand...what he hasto go through trying to call everybody and try
togetthemout, call the DER [ State enforcement agency] and everything
else. Hegot his hands full.

Worker accounts indicate that the resulting uncertainty heightened this crew's

confusionandindecisiveness. Wherethey would ordinarily ook to management
for direction, the miners had a general foreman who was as confused as they
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were. Additionally, given Cokedal€e's authority structure and work rules, an
aternative leadership mechanism was not in place—one had to emerge. This
emergence was aprocess negotiated over an extended period of time, seemingly
at the expense of efficient wayfinding behavior.

It has already been stated that by the time 8FP began itsfinal attempt to exit
the section, theworkerswere being led by ageneral insidelaborer who had once
been a foreman. Researchers reached this conclusion by weighing various
responsesto questionsabout who wasactual ly making decisionsat certain points
duringtheescape. Whiletherewasmuch agreement in everyone el se'saccounts,
the general inside laborer himself had a dlightly different interpretation:

At that point in time me and [the boss] was close together—there was
nobody right there that could hear what | was saying. | say, "l didn't
bring the map, [but] we have to go out thisreturn." Being as[the boss]
knowsme, it was moreamutual agreement...Herespects my knowledge
frommining and | respect his so...that he understood more or less what
| wastalking about—that...wewererunning out of time. That wasn't the
time for no argument.

Thus, this worker cast himself in the role of advisor, deferring as much as
possible to his general foreman's authority and legitimate leadership position.
Also, the general inside laborer presented himself much the same way during
interactions with hisbuddies: "I was not in aforeman capacity, but | could see
things going on that was wrong...so | would say, 'l sure wouldn't [do that].™

Eventually, the crew traveled outby to their section air regulator and
stopped. At this point the general foreman decided to explore ahead. The gen-
eral inside laborer chose to accompany him, so both men went through the
regulator and proceeded some 100 ft farther outby:

Y ou could see 50 feet and then you couldn't see 2 feet...[| thought] there
was a stopping blew out [or something] because [the air was| all mixed
up no matter which way you turned...[ The boss] said, "Wecan't losethe
smoke this way." | said, "We have to go through this—go out the
return. Smoke or no smoke...we can't keep changing our minds...else
well be here forever."

After regrouping, the miners did continue out their return through smoke that
kept varyingin density. Thisphenomenon concerned the general inside laborer
ashetried to orient himself, because "if something happened at one point [and]
you walk six, seven, eight hundred feet, then you could be in a better situation
or aworse situation—nbut that wasn't happening." The smoke's behavior con-
fused everyone, and, as one motorman observed, caused a few individuals to
waste time looking for ways out of it where there obviously were not any:
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We would come to places in the return where the bleeders were and
people would actually go and look over the wall at the bleeder—for
what purpose, | don't know...maybe they weren't familiar at al with
what the return looked like or whatever an old bleeder would be.

It wasthis person's opinion that the aimless search for alternative routes asthey
traveled could have been curtailed by more forceful leadership.

Eventhoughthemenwerewearing emergency breathing apparatusand were
not supposed to removetheir mouthpieces, they did so in order to communicate.
Asthe general inside laborer's comments suggest, crew members seem to have
kept up arunning commentary regarding their location:

Somebody mentioned..."We're going parale to the track..." I'm
thinking, "Boy, that's a bright deduction after we walked all thisway—
whoever said that'sreally thinking. If weain't parallel tothetrack, were
in alot of trouble...what the hell's wrong with these people?”

What was wrong, in the motorman'’s opinion, involved a circumstance of past
experience and perspective:

Now | found...out after[ward] that the older fellow had worked in those
returns off and on [setting timbers] and things like that...But...one old
entry looks like another one...as far as I'm concerned.

The men therefore drew upon each other for support and continued to specul ate
about their progress, since "we still didn't have the dlightest ideawhere wewere
or how long [we had been walking]."

The general inside |aborer checked behind mandoors as the group came to
them. He eventually located one that opened into fresh air on the loaded track.
The miners crawled through onto this track and began to get their bearings:

My buddy immediately recognized where we were. He said, "We're
between 18 and 19 crossover." Because he'd run motorsout therefor so
many years...he could recognize where we were...We gathered our-
selves. The elation was just unbelievable.

After resting a few moments the crew members made their way over to the
empty track and up it to 19 crossover, at which point they joined with workers
escaping from 7 Buit.

It has already been stated that the people from 7 Butt did not have as many
problemsfinding their way asdid those from 8FP; nor did they wastetimetrying
to go out their intake escapeway, because the general foreman with this group
knew where that entry led. The workers still encountered some difficulties,
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however. At one point, according to several accounts, the pace quickened
amost to arun. This proved particularly stressful for that individual who had
lost his hat and lamp in the vehicle collision and was depending on his buddies
to lead him:

My buddy infront...I held onto hisbelt al theway out...I followed their
lights plus held onto his belt...I lost him a couple of times. | kept
yelling...'cause everybody was running—everybody wasin a hurry.

Asidefromaidingtheir coworker, who beganto "get excited,” these miners' big-
gest concern was staying together and keeping themselves oriented. Although
there was little talking reported among this crew in comparison to the miners
from 8FP, several still queried the general foreman about their location as they
traveled.

The group proceeded out their main return, with the general foreman
checking through mandoors to see if they had yet reached a point where there
was fresh air in the track entry:

Every time he would check a door he had us stop to cut our breathing
downalittlebit, which wasnice—everybody kindagot alittlerational ...
| think we had to check maybe two or three.

Theworkers camefinally to aset of double doors situated between 18 Face and
19 Face: "It...probably took about an hour, but...you weren't doing anything or
really thinking 'causeit wasjust basically following theleader at thetime." The
general foreman led them through these doorsinto clear air, across the loaded
track entry, and into their intake. The men walked outby to 19 crossover, where
they met 8FP crew. Following a head count and brief telephone report to the
outside, these combined groups continued toward 20 Face, where mine
management had arranged mantrip buses to take everyone to a portal as yet
unaffected by smoke.

Conceptual Content

AsKaplan and Kaplan [1982] observed, "humans areinclined to be painfully
distressed by confusion and by helplessness.” When they experiencethisanguish,
people most commonly resort to authority, either social or cultural. Socia
authority involvesthe positions held by individuals and their expertisein playing
roles incumbent to a certain position. Cultural authority is derivative, following
from widely shared beliefs and values. An essential function of authority, in
whatever formit takes, isto convey certainty in an uncertain world. Thus, agreat
deal of human effort is spent interacting with others for the purpose of evoking
authority in an attempt to achieve clarity and agreement upon matters that would
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otherwise bedisturbing or evendisruptive. Suchwasthe circumstanceat thethree
sites under study here. This section presents a brief overview of various waysin
which the miners strove to reach a consistency of perspective.

Adelaide

It was stated earlier that the utilityman on 1 Right suggested the crew, once
they encountered smoke on their track, retreat to 35 or 36 stopping and walk
across the bleeders to Peterson shaft. Evidently, he did not argue his point; at
least, thisiswhat one of the roof bolter operators remembered: "Well, hekind
of mentionedit, see, then hejust leftit go." A missing piece of information, and
onethat, inthe opinion of the bolter operator, would have predisposed the group
to follow the utilityman's suggestion, was the fact that 2 Northwest had been
forced to abandon their mantrip near the mouth of 1 Right:

When they got into theintake...they called the dispatcher and told him,
"Hey, we're going in the intake. The smoke istoo heavy at the mouth
of 1Right." Sowhen we called the dispatcher and told him we're going
in the return, he should have told us that 2 Northwest stopped down at
the mouth...the smoke may be too thick down there.

Instead, the 1 Right group, thinking they might soon be out of the worst of the
smoke, entered their return and traveled in increasingly worsening conditions.

According to one of the shuttle car drivers, the group engaged in some
discussion of where the fire was probably located:

We were going to try...getting to Peterson, but we didn't know exactly
where the fire was. We thought that the fire was at 3 Left. No. 2
transfer, the low spot, there's aways a bad place the belts fall in and
everything else. Sothat wasour idea...| wished we knew wherethefire
was for one thing. It's like you're going into the unknown; you don't
know exactly where you're going.

Near the end of the crew's escape, thisindividual, recognizing hislocation from
a series of overcasts he had helped construct, |eft the group.

After the members of the group from 2 Northwest abandoned their mantrip,
they walked back into the face areain order to reach their intake escapeway:

Theboss, hesaid, "Well beall right." Hesaid, "Everything'll befineas
soon as we get up into the fresh air." So we was scooting along pretty
good and went back up thetrack, went over to theintake...It was smoke.
There wasn't any fresh air there. So that was the point there where we
al put on our rescuers.
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The crew proceeded down their intake for a short distance and then decided to
getinto theright return. According to one of the roof bolter operatorstherewas
not a lot of conversation, although group members engaged in stock taking
during rest stops:

Y eah, we stopped different times—one guy fell down. | pulled him
back up. Hefell down. Hewasalittle red and hysterical there alittle
bit of thetime. And we stopped and the boss talked to him and calmed
him down. We stopped periodicaly if anybody was having problems.
We'd stop and check. Not long, but long enough to talk and see where
to go and calm down.

Theright return was designated an alternate escapeway, so all that wasrequired
of the 2 Northwest crew wasthat they stay in that entry until they were outby the
fire. Becausegroup membersdid not know thefire'slocation, theface boss, who
was|eading, would feel and open each mandoor they cameto. Atlast he opened
thedoor in No. 3 stopping and encountered fresh air. Thebolter operator quoted
above was one of the first through:

I know | went through it and hit that fresh air and | was hollering at the
other ones, because they was kneeling down there taking alittle break.
| told them to get...over here and get out of there. We appreciated that
air more than you ever did.

After contacting the shift foreman and notifying him that everyone had gotten
off 2 Northwest, the face boss was given instructions to take his crew to the
surface.

The crew from 3 Left contained some members who had not been on the
section for very long. One of these was the bratticeman who, because he was
new, had been selected recently to walk the escapeways:

| walked that the first day | was there, 3 weeks before. My boss
wanted—he comesto meand says, "'| want you to walk out with me and
| want to get a couple of other volunteers to walk out. So you'll know
in case something happens.” But it'skind of—when you're walking out
and you know there's nothing wrong, you're just strolling through
because you haveto doit. You know the reflectors are up there so you
really don't pay attention to the markings or anything other than the
reflectors and what door you go through; you know, where you go out.

At one point the group became disoriented and was actually headed back into
their section. The bratticeman recounted how this confusion raised the miners
anxiety level:
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We went down this breakthrough and we couldn't go through and we
come back, we come back like around the block and we got confused
and we sort of all just grouped together in one place trying to decide
what would be the best way to go out...Wewerewal king down—weran
into our shift foreman who said at six more breakthroughs, five or six,
make a right and you'll be out of this. That's when the two guys that
always seemed to be ahead really took off.

One individual who was having problems received help from the utilityman,
ashuttle car driver, and the shift foreman who had been looking for them. The
crew finally reassembl ed outby thefireand found transportation to take them out
of the mine.

Brownfield

4 South's face boss was able to take advantage of the Federal inspector's
presence during that group's escape:

So we started down the belt line and there was three guys that wanted
totake off. They ran like deer...l wastrying to stay inthe back being the
last one to make sure everybody was ahead of me. And it got to the
point where | could see these guys were going too quick. The Federa
inspector was back there with me, too, and | finally told him, | said that
if hewould stay with the slower three guys or four guys, | was going to
go ahead with those faster guys, 'cause | didn't want them to walk into
something that they weren't ready for. | walk that belt line every day...
| didn't know what we had down there.

Near the mouth of 4 South theface bossled thoseworkerswho werewith himinto
afuture longwall face area. Hisintention wasto get them out of the worst of the
smoke and give everyone achance to catch their breath. At this point he outlined
the route they would take to try to get into the right-hand aircourse of 6 West:

So everybody got settled again and we went back out and worked our
way downthebeltline. It wasasow process. The smokewas so heavy
you just couldn't see.

The group members eventually arrived at 6 West track but were unable to find
adoor that would let them into the intake entry they were trying to reach. At
that point, one miner left the others:

My supplyman, he had gotten ahead. He took off again. He was the
quickest one of the bunch, so when we got out into the high track,
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| called for him 'cause | didn't know—he could have took aleft, took a
right, fell down, | wouldn't have seen him. So | yelled—that's when the
people down below the fire yelled that there was fresh air down that

way.

After getting his small group outby 4 South supply chute, the face boss learned
that his miner operator had not made it out. He then went back into the smoke
in search of thisindividual.

A rapid pace was set by the bratticeman, who was leading initially as
5 South crew made its escape. One of the roof bolter operators recounted how
this put stress on everyone else:

To the best of my recollection, the bratticeman just took off running.
He says, "Come on—we got to get out this way.” And he took off.
Well, he took off and he was leading the pack, okay. When we got
down to where the regulator was at and put the self-rescuers on, that's
when [the boss] took over. One of thethings| told him later on, | says,
"Y ou're the boss—one thing you got to do if this ever happens again,
you should have aman that'sin charge that's going to take histime and
walk out of there slow and easy with hisself-rescuer on."...[You go] six,
seven, eight hundred feet before you even try to put one of them things
on, you'rewinded. [Then], it's like trying to suck through a straw.

A shuttlecar operator al so discussed the difficultiesgroup memberswere having
getting enough oxygen fromtheir apparatus. Added to thisconcern wasthefact
no one knew the fire's location at first:

So we went and then we run onto three other guys coming down from
6 West, too, which wasthe maintenance foreman and aninspector—and
amechanic. Yeah. Andthenthey told uswherethefirewasat. But we
was still up away from where it was at a good bit. But they told us it
was down at—what was it—4 South—4 South sidetrack where the
motor was sitting. But we had to go down below that, so then we had
an idea how far we had to go, so it took alittle bit of the pressure off
‘cause we knew we was going—we had a pretty good chance now.

5 South crew, together with the threeindividual s from 6 West, eventually came
out onto the track one door down from the burning locomotive.

The maintenance foreman on 6 West intended originally to ride out in his
three-wheeled jitney. He was dissuaded from doing so, however, by the State
mine inspector accompanying him:

161



Well, it could cause an explosion, he said, for one thing. | mean, | was
on the damn thing and so was [the mechanic] when he says no. | know
one thing—if it ever happens again and there's something to ride...I'm
riding.

Thefact that he knew how far hisgroup must travel in order to get outby thefire
influenced this person's approach to their escape. During their walk out, the
mai ntenance foreman kept an eye on histwo companionsand made sureall three
stayed together.

Cokedale

The workers from 8 Face Parallels apparently kept up an aimost constant
stream of communication. At first, conversationswere directed toward assuring
each other that nothing much was out of the ordinary:

Thedispatcher started calling us, and...said that they had detected some
smoke and that we should come out. Well, thisisn't real uncommon
because...belts or something might burn off a pump or...you can get a
hot hanger once in awhile. So at that point we really weren't al that
concerned.

People's tendency to treat a nonroutine situation as normal until it is no longer
possibleto do so isawell-documented phenomenon [McHugh 1968]. Thisfits
well with the notion that human beings have a predisposition to impose order on
their world as a way to minimize uncertainty. However, in events needing a
quick response, critical time may belost. Thisisespecialy truein caseswhere
there is an effort to reach group consensus before action is taken.

As the escape off 8FP progressed, miners' talk shifted from efforts to nor-
malize their situation and focused instead on a need for cohesive performance:

Theolder man...said, "Why don't you guys stay right here, and [we] will
take awalk up through and just seeif...it looks passable.” So thosetwo
proceeded to walk—I couldn't tell you how long they were gone...And
they came back and they said, "Thisisdefinitely thereturn, and | think
we can get through, so we should try it."

To bolster this endeavor, which the workers were unsure would be successful,
they used variousinterpretivestrategies[Kaplan and Kaplan 1982]. Chiefly, the
men seemed to seek information about their location and progress, even though
these actions did not always appear to make sense. A couple of casesin point
are the motorman's account of people looking over into old bleeders and the
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general inside laborer's bemused reaction to an observation that his group was
walking parallel tothetrack. Additionally, however, someindividualsimputed
expertise they did not have to someone else. For this group, their authority
became the general inside laborer, who had once been a boss and who had
"worked in those returns off and on."

7 Butt personnel were less distressed during their escape because there was
aconvergence of formal authority and expertise in the general foreman who led
this group out. These workers seemingly devoted more effort to dealing
internally with their predicament than in information seeking:

| felt pretty confident...because | knew [the general foreman] had been
up there for along time walking returns and this and that and he was
real familiar with this area.

Having someone in control, as they did, enabled group members to pose al-
ternative scenarios based on properties of individual cognitive maps:

If I would have been left to my own devices, | knew that | could have
made it out following the track.

Thisactivity undoubtedly had a calming effect on the person, but may also have
helped each worker establish a better grounding in relation to his environment
and how it could be negotiated.

Both groups, in essence, utilized strategies that differed according to their
circumstances. The 8 FP group focused more on information exchange and a
search for authority; the 7 Butt group tended to deal "intrapsychically" [Kaplan
and Kaplan 1982] with the situation that confronted them, getting their heads
straight by talking to themselves. In this event, the effects of social dynamics
can be seen in those coping mechanisms used. It isthus arguable, given these
divergent patterns of interaction and reaction, that individuals conceptual con-
tent was shaped by their shared experience. Such a notion takes cognitive
mapping and wayfinding beyond the psychol ogical domain and situatesit within
a broader social science perspective. Also, this paradigm focuses on group
effects rather than positing personal differences as a variable of interest.

Discussion

What can be gained from introducing a diverse level of analysis to the
problem of wayfinding? First, it opens up anew realm of possible questionsand
answers. AsSimmel [1971] pointed out, each level of the socia world provides
valid insights, but can only be understood in terms of its own unique rules of
evidence. Second, sincethe escape behavior discussed aboveclearly took place
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in agroup context, an individual differences approach would lack explanatory
power when applied to wayfinding in that situation. Clearly, broader analysis
isneeded in relation to these mine fires. By considering the cultural and social
milieu of cognitive mapping and wayfinding behavior, social scientists will be
able to more readily explain how peoplein crisis go about deciding what to do
next when more than one person is likely to have input into the decision.

Severa key points about wayfinding and cognitive mapping have been
raised in this chapter. First, the way human beings make sense of their
environment is, according to some theorists, socially mediated. In other words,
peopl€'s definition of even the most taken-for-granted elements, such astime or
distance, is a result of group consensus. Thus, mental maps are not wholly
idiosyncratic constructs. Second, cognitive mapping isadynamic process. The
map one has in his or her mind can be acted upon by forces both internal and
externa to the individual. As a wayfinding tool, then, a cognitive map acts
mutably rather than in some mechanistic fashion. Personal decisions about a
best course of action are therefore more problematic than they have sometimes
been portrayed as being. Third, it has been suggested that some settings in
modern society may be characterized by a sameness of cognitive maps. This
would help to ensure predictability in situations calling for close coordination
of action. Finaly, wayfinding is a spatial problem-solving activity in which
factors external to the individual (such as ecology and interpersonal relations)
have a significant impact upon outcomes.

The purpose of applying certain theoretical notionsto real-world problems
is to attempt a better understanding of some empirica phenomenon or
phenomena. In the present case, the issue to be understood is how workers go
about moving from one point to another in aminefire. The approach used here
should be highly generalizable, however. It is hoped that in the future, more
attention will be paid to those intersubj ective factors once thought to havelittle
bearing on such"intrapsychic" processesascognitivemapping. Social scientists
may benefit from new avenues of inquiry. In addition, planners and engineers
would almost certainly gain by having adeeper understanding of what variables
motivate the behavior of those who inhabit their structures.
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CHAPTER 9.—LEADERSHIP IN ESCAPE FROM
UNDERGROUND MINE FIRES

This chapter explores |eadership behavior in alife-threatening situation—
fireinacoal mine. Previous chapters have discussed the database of interviews
with minerswho escaped from underground fires. Researchersraised questions
such as: (1) Who led the miners out of the mine? (2) Did |eadership make adif-
ference in the escapes? (3) Was the escape leader the hierarchal leader?
(4) What, if any, characteristics did the escape leaders possess? Subsequently,
researchersanalyzed the minefire database from agroup interaction perspective
to address the leadership questions posed.

L eadership has been one of the most researched topics of human behavior
inthetwentieth century. Studies haveranged fromindividual characteristics of
leaders, to situational leadership, to interaction of leader and follower, sug-
gesting different leadership techniquesfor different followers. Thequestionthat
emergeshereis. Aretheredifferent typesof leadership that "fit" different kinds
of situations? In acrisissituation like that examined in the present study, such
information about leadership may significantly improve the chances of escape.

To address these issues, the study team looked at the formal authority
structure before each fire, considered |eadership behavior or lack of leadership
during the escapes, and examined those conditions associated with the emer-
genceof leadership. AccordingtoBardo[1978], "Emergent behaviorsarethose
forms of action, and the norms, values and beliefs governing those actions, that
rise out of the disaster situation.” This chapter discusses previous studiesin the
area of crisisleadership and examines the emergent behaviors of leaders under
duress during the mine fire escapes.

Previous Studies

The research on leadership during emergency situations has consisted
mainly of simulation and field studies, with the principal concern being escape
from building fires. During the 1980s, Hayashi [1988] created a computer sim-
ulation model to evaluate leader behavior in afire. Although his purpose was
toaidin planning for disaster prevention, hisfindings are rel evant because they
addresstheissue of situational leadership in crisis—where aleader changeshis
or her behavior to fit the situation. Essentially, his simulation model was de-
signed to judge the actions and thinking of leaders. The simulation wastried by
101 subject/leaders4 timeseach. Thesimulation consisted of amaze containing
the leader, an informal leader, and 50 evacuees. Interestingly, the results in-
dicated that the |eader's actionswere not dictated by circumstances. Any differ-
encesinbehavior wereattributed to theindividual characteristicsof eachleader.
The study also showed that the worse the situation became, the less individual
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differencesemerged. Hayashi thusconcluded that an evacuation plan should not
be based or rely on circumstance, but should consider the anticipated behavior
patterns of leaders.

Sugiman [1984] and Misumi [1988] conducted field tests comparing two
evacuation methods: the Follow-Direction Method and the Follow-MeMethod.
Thestudiestook placein an underground shopping mall with volunteer escapees
and confederate leaders. In thefirst method, the leader indicated the direction
of the exit in aloud voice and by bodily gesture as he moved toward the exit.
In the second, the Follow-Me Method, the |eader told afew evacueesto follow
him and then actually proceeded to the exit. To make the evacuation more
complicated, two exits were set up, one not visible from where the evacuees
were located. In addition, the lights were turned off and a siren sounded for
20 seconds before evacuation.

In the first study, the researchers found that the Follow-Me Method
evacuated people more quickly than the Follow-Direction Method, because a
multiple number of small groups formed around each leader. A followup study
focused on |eader-evacuee ratio, presuming that the formation of groupswould
bedifferent if there werefewer leaders. It was concluded that when each |leader
had a small number of evacuees (a 1:4 ratio), the Follow-Me Method was more
effective than the Follow-Direction Method. With fewer leaders and a large
number of evacuees, e.g., a 1:8 ratio, the Follow-Me Method was not effective
because the instructions from the leader did not reach every evacuee.

Misumi and Sako [1982] analyzed leader behavior in emergencies using a
laboratory simulation with one confederate leader and four naive subjects. Re-
sults showed that if the leader first attempted to reduce tensions and then in-
dicated the direction to take, the subjects followed more closely than if the
sequence of behaviors was reversed. These authors concluded that panicisre-
duced by introducing appropriate leadership.

Hodgkinson [1990] noted that panic typically influences behavior in fires.
He defined panic as nonsocial, blind, irrational behavior. Hisresearch into al-
most 1,000 fires, however, found that most people acted appropriately; a mere
5% behaved in such amanner asto increase risk. Johnston and Johnson [1988]
studied the behavior of workersin the 1977 Beverly Hills Supper Club firein
Kentucky. They supported Hodgkinson's work in the conclusion that panic is
not "automatic" in adisastrousfire and that groups can indeed adj ust to meet the
increased demands of acrisis.

Sime [1983] noted that most models of escape behavior support the panic
model of "every man for himself." The panic model saysthat people will revert
tohighly emotional, primitive, self-preservation behavior. Researchersgenerally
have concluded that individuals will panic and try to save themselves at the ex-
pense of othersonly when asituationisextremely threatening. The panic model
"assumes that escape will involve a homogeneous population of individuals
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concerned with self-preservation, competing with each other for limited exits"
[Sime 1983]. An aternative model studied by Sime focused on affiliation
behavior during escape from a building fire. Hisaffiliative model predictsthat
"individualswith close psychological tieswill attempt to escapein groupsof two
or more" [Sime 1983]. Theaffiliative model predictsthat inlife-threatening es-
capes individuals will be concerned not only with self-preservation, but will
experience a heightened concern for other group members.

Itisclear that therearetwo different schoolsof thought on groupinteraction
in crisis—panic: "every man for himself" versus affiliation or attachment:
"united we are safer.” During asimulation study [French 1944, in Sime 1983],
subjects were left in aroom and after a short period smoke was leaked into the
room. Theresults showed that organized groups of sport teamsresponded more
quickly to the appearance of the smoke than unorganized groups. The presence
of other people, and thetype of group threatened, influencesresponses. Further,
it has been suggested that attachment or affiliative behavior has survival value
[Bowlby 1973, in Sime 1983]. Thefunction of attachment behavior isingaining
proximity, and consequently, protection from the threat.

Sime studied the 1973 fire that occurred at the Summerland seaside leisure
complex in the United Kingdom. Of 3,000 vacationers, 50 died when afire,
started by 3 boys playing with matches, engulfed the solarium area. Five hun-
dred accounts of the event were collected by police. In analyzing the data, Sime
targeted four areas. group membership, attachment at cue (cue: signal of the
fire), nature of cue (example: ambiguous, unambiguous), and affiliation at exit.
The results strongly support the affiliation model. Sime concluded that:

In an entrapment setting people maintained as far as possible their ties
with close relatives during escape. In normal evacuations people are
likely to maintain primary group ties. These psychological tieswill be-
come even more important rather than disappear in afire emergency.

Kelley et al. [1965, in Sugiman and Misumi 1988] demonstrated the im-
portance of the emotional aspects of panic. Subjects were placed under atime
pressureand could avoid an el ectric shock by depressing an escape switchwhich
only worked if other members of the group were not pushing theirs. The re-
searchers showed that a sign from one or more subjects indicating they would
wait for others to escape increased the number of successful escapes for the
group, i.e., cooperation increased the chancesfor effective escape. Hodgkinson
[1990] recognized that the interaction among peopleisimportant when thereis
achoice of exits because people tend to follow the route others are using.

Familiarity behavior in disasters seems to extend beyond affiliation and
escaperoutes. Johnston and Johnson [1988] hypothesized that disaster rolesas-
sumed by individuals within an organization are extensions of the ordinary,
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everyday roles they normally perform. Johnston and Johnston were interested
in what organizational roles could be expanded to include disaster-related
responsibilities. They concluded that the routine roles of individuals were ex-
tended in acrisis and thus the social order was maintained. Canter [1990] ech-
oes thisthought: "The social behavior and cognitive processing of individuals
staysremarkably close to what can be seen in ordinary, daily behavior." Thus,
familiarity with organizational roles affects the ability to survive.

Abe[1976] analyzed the behavior of survivorsand victimsof afirein ade-
partment storein Japan. Hediscussed three behavior patternseach, of survivors
and victims. The analysis concluded that survival behavior can be more effec-
tivewith prior knowledge of an area. Theresearch also found that people often
return to the familiar and to habit in times of crisis (e.g., they will return to a
familiar area). Thissupports Sime'sfinding that thetendency of individualsand
groups to head towards a familiar route is likely to increase during fires. Abe
noted that, in a crisis situation, people lose flexibility. In addition, Abe found
that inanunfamiliar place, under dire circumstances, many subjectsdecided that
the only and best thing to do was to follow the person in authority. In this par-
ticular department store fire in Japan, this was an unfortunate decision that
resulted in the deaths of many subjects.

Although the mgjority of research has been on individual behavior under
stress, with group interaction as a secondary research focus, there is some
information on what happens to formal organizations versus small groups under
stress. Driskell and Salas [1991] suggest that organizations under stress tend to
centralize authority. Decisionsmoveto the upper levelsof the hierarchy. A study
of small groupsunder stress, however, found the opposite phenomenon: thegroup
leaders and group members became more receptive to information from others.

Theresearch on the concept of leadership isvast. AsWarren Bennisnoted,
"Of al the hazy and confounding areasin social psychology, |eadership theory
undoubtedly contends for top nomination. And, ironically, probably more has
been written and less known about leadership than any other topic in the
behavioral sciences. Always it seems the concept of leadership eludes us or
turns up in another form to taunt us again with its slipperiness and complexity
[Smyth 1985]."

Holsti [1990] wrote a chapter on crisis management in the book
Psychological Dimensions of War. Although the focus situations of the text
were political crises, not natural disasters or fires, Holsti's observations about
leadership in crisisare aproposto further understanding the leadership concept
asit appliesto escapesfrom minefires. Theauthor cites observations of leaders
inactionthat "appear to confirmthe conventional wisdomthatincrisisdecision-
making, necessity isindeed the mother of invention." In the mining industry,
most underground workers can attest to the necessity of "invention" on adaily
basisin their dangerous work environment.
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In astudy on perceptions of leadership traits, Morris[1991] compared ado-
lescent and adult leaders. He concluded that "integrity and knowledge or skills,
are traits of leadership highly valued" and that "effective |eaders have positive
identities." Hecharacterized them asself-assured, self-actualized, honest, open,
and trustworthy. Another valued trait was knowledge or skills. The adultsin
thisstudy considered consistency and flexibility important components of lead-
ership, afinding that suggests a practical, pragmatic, and realistic approach to
problem-solving situations.

In conclusion, theresearch on leadership during crisishas shownthat (1) the
importance of studying leader behavior patterns [Hayashi 1988], (2) leaderscan
have a caming influence and be instrumental in helping others avoid panic
[Misumi and Sako 1982], (3) panicisnot automatic and indeed individualshave
atendency tofollow theprevailing social order [Hodgkinson 1990; Johnstonand
Johnson 1988], (4) people tend to follow the routes of others and familiar paths
[Hodgkinson 1990], (5) attachment/affiliation may have survival value [Sime
1983], (6) cooperation contributes to successful escape [Sugiman and Misumi
1984], (7) people lose flexibility in life-threatening situations [Abe 1976], and
(8) information/knowledge can be significant to survival [Abe 1976].

Finally, it isimportant for the reader to recognize that simulation exercises
on human crisis behavior raise ethical issues. Exposing subjectsto thethreat of
electric shock, or an appropriate degree of threat to evoke the panic and fear
necessary for accurate data collection isaconcern in thistype of research. Fur-
thermore, disaster circumstances are unpredictable. Subjects who have faced
some type of threat subsequently must be questioned carefully because of the
possibility of emotional trauma coloring their responses. In analyzing the data
from the mine fires, researchers focused on the behavior and characteristics of
leaders from the view of the survivors, official reports, and circumstantial data
evaluated after the event.

Profile Characteristics

In the three mine fires studied, there were eight groups of miners that es-
caped. For each group, a profile of leadership in crisis emerged from the
analysis of the eight mine fire escape scenarios. The data suggest several
characteristics based on the behavior of the leaders. The leader of each escape
may be described as an aware, knowledgeable person or as an individual who
is alert to his environment, attentive, and discerning. Typically, this person
notices details—more so than do other people. Theresearchersbelievethat this
quality of discernment probably is not limited to the mine environment or to
crisis circumstances, but is a typical characteristic of these individuals in all
circumstances. Such persons may also excel at incidental learning. Each of the
leaders retained information that was instrumental to the escapes. They
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"remembered” specific details and repeatedly referred to the fact that they
"knew" what they were doing through information or deduction.

A second generally shared characteristic of the leaders was the manner in
which they took charge. In groups where the regular authority led workers out
of the mine, leadership was a natural evolution of group dynamics. It was a
continuation of the social order before the fire. A similar dynamic occurred,
however, ingroupswhereadefiniteleader emerged. Theseemergingleadersdid
not "muscle in and take charge"; the leadership developed in a natural way.

Third, the leaders were decisive, yet flexible. They made decisions; yet if
circumstances changed they adapted.

Fourth, leaders were open to input from others. Thereis evidence that in
most of the escape groups there was a "second lieutenant,” an individual who
offered worthwhile suggestions, support, and who served asa " sounding board."
Ininstances where there was emergent |eadership, the leader usually beganina
consulting function to the regular authority.

Fifth, effectiveleaders seemed to haveacal ming effect ontheir group. They
wereaware of others fearsand offered reassurancewhenit wasneeded. Miners
in each group had confidence in the leader's ability to direct them to safety.
Finally, there was a logic to the leadership. Decisions were appropriate and
congruent with available information.

Findings

Each of the group escapeswas unique, but some consensuscrisisleadership
characteristicsemerged. Technical descriptionsof each of the eight escapesare
contained in appendix A. Specific details relative to leadership issues are dis-
cussed and supporting evidence for the profile addressed above are organized
according to section and mine.

1 Right - Adelaide

Thisgroup was a production crew with anew section foreman who was un-
familiar with the affected area of the mine. Infact, the night of the firewashis
first night back in the mine after a 5-year absence. In addition, at least three
members of the crew were new to the section. While each of the new members
had many years of experience in mining, all had been assigned to this crew for
only 3 weeks.

The foreman, athough the authority figure, did not lead their escape. His
behavior wasinitially appropriate in that he assembled everyone and called the
dispatcher with a proposed escape route. He also called back to the dispatcher
when the escape route was changed. As the group entered heavy smoke, the
foreman simply did not have the knowledge base to make appropriate decisions.
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The group was accepting of the foreman'sinability to lead in the situation
because it was obvious he could not possibly have the appropriate information
on hisfirst night back at the mine. The miner operator fromthe section gave his
view: "Theboss, | can't blame the boss. This was the first time he was on the
sectionin5years." A utilityman fromthe section expressed asimilar sentiment:
"It wouldn't have been [the boss's] fault, it was [hig] first day in the mine.”

It was also clear the crew was protective of this authority figure:

I'll say he [the boss] did al he could. He did the best he could. Heled
us, you know, to thefresh air escapeway. He made sure we got through
into the return. But as far as being well-versed in the mine, | don't
know. There again, I'd redly rather not have to make a statement.

On the night of the fire, a former fire boss was working as the continuous
miner helper on this section. The position of fire boss had required him to travel
throughout the mine, thereby becoming familiar with the mine layout, including
the escapeways. Asthe group's escape progressed, thisformer fire boss emerged
astheleader. Interviewswith other members of the group documented thislead-
ership. Theformer fire boss began hisemergence asleader by consulting with the
authority figure, the section foreman, making suggestions and advising on
aternative actions. The fire boss viewed himself as working with the foreman.
When directly asked in his interview who led the group out, he responded that
although probably the other members of the group would suggest he did, actually
he and the foreman led the group out. A bratticeman indicated that the fire boss
"was saying what we could do" and the foreman was"like making the decisions.”
When asked if there was any confusion among the men about |eadership, the
bratticeman said, "It was pretty much follow [the fire boss] and the boss."

After sizing up the situation, the fire boss suggested that the group might
escape by traveling through the bleeder entries to Peterson Shaft on the other
sideof themine (seefigure 2.1). Thissuggestionwas not accepted by the group,
and he chose not to push theidea. Instead, the fire boss explored other possi-
bilities with the group. His behavior at this point indicates decisiveness and
flexibility of thinking in crisis. Thefire boss said:

You know, | was thoroughly against going down it. But like | said,
I knew, you know, | wasn't going to go by myself down there. If I'd
have had to, | would have. If I'd just been by myself, | would have went
across. But | knew half them guys would want to walk right into a
bleeder. | knew they would...and so | stuck with the guys.

In short, the fire boss tried to get the miners to go deeper into the mine to
explore another exit, but because they had only oneframe of reference—to "get
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out"—they could not conceptualize going farther into the mine. The continuous
miner operator said "[the fire boss| wanted to go back but nobody said, yeah,
let's do that. | think their main concern was, let's get out.”

At this point, the group entered the left return airway of the section. Just
after gettinginto thereturn, thefire boss had troublewith his self-contai ned self-
rescuer (SCSR) and told the group to go on ahead, figuring that they would
know where to go from there. A few moments later, severa members of the
group got lost by following reflective markersthey thought led to an escapeway,
but in fact marked a bleeder entry examination route which led to another part
of themine. Thefire boss had to reassemble the group and told them:

K eep the stoppingsto your left...if you don't see one, go over till you do
find one, and then always have the stoppings to the left of you...I told
them, ignore the reflectors, because you are going to get lost.

This advice is an example of this leader's awareness of the mine environment.

It was clear by the conclusion of the group's escape that the fire bosswasin
charge. When one miner did not come out into fresh air with the rest of the
group, it was the fire boss who said "we will go back for him" and went back
into the smoke with two other miners to look for their missing buddy. "You
couldn't see nothing...They [two other miners] said they wanted to go back with
me. So we went back." Because of the thick smoke, the fire boss told the two
miners with him to hang on to a water pipe as they worked their way back to
where they believed their buddy became lost. At strategic locations, the fire
boss positioned the other two miners with him so that they would know where
to make turns to get back out. Again, he took the responsibility of leader, uti-
lizing hisknowledge and giving directions. Everyonein thisgroup successfully
evacuated the mine, even though the missing miner followed another route of
travel with which he was familiar.

2 Northwest Main - Adelaide

This group, a production crew, was alerted to the fire, gathered together
under the foreman's direction, and rode the mantrip until they entered heavy
smoke. At this point, the foreman decided to take the crew back to the section
and over to theintake escapeway. Asthey proceeded out the intake escapeway,
they encountered smoke again. Theforemanthenledthecrew intotheright-side
return aircourse, which was al so the secondary escapeway. Again the crew en-
countered smoke. At thistime they donned their SCSRs and proceeded out of
the mine on foot through the return escapeway. Thiscrew epitomized the value
of correct procedures in evacuation and basically escaped without incident.
A bolter operator from the section summarized the group's experience:
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We were about as organized as you're going to get. We did real good.
We have a mine rescue man that's been on mine rescue for years. He
was with us. He's our buggyman and we had the boss and the mine
rescue man set it up, the bossin front, hewasintherear. The crew was
inthe middle. Worked fine, no problem at all.

The authority figure, the section foreman, was the leader and worked with
the "second lieutenant,” the individual with mine rescue experience. The crew
viewed "the boss and the other guy” asthe leaders, and the two men saw them-
selves asworking in tandem. When asked who made the decision to put on the
SCSRs when they ran into smoke the second lieutenant answered:

Weéll, like | say, ...maybe we hit it together, simultaneously, let's say,
hey, ...we got to get these people on their oxygen now!

The only problem this group experienced occurred when the miners put on
their SCSRs. One miner felt his SCSR was not functioning. The leader dealt
with this problem by offering to trade SCSRs. The continuous miner operator
described the situation:

That one guy was nervous. Hedidn't think hisworked right. | remem-
ber the boss saying, well, do you want mine then? Because there was
nothing much the matter with it. He wasjust being nervous.

Another man became panicky when hisrescuer also appeared not to work. The
second lieutenant calmed him, blew into the apparatusto start it, and said, "It's
just like kissing you, you old bastard." The leader also made the group slow
down so that they did not need as much oxygen and would not overwork the
apparatus. A bratticeman described his experience:

And it seemed like the harder you used, you know, it seemed like you
wasn't getting the right amount of air out of them. But then [the boss]
said, just slow the pace down.

This knowledge of the operation of the SCSRs and consequent adaptability of
behavior is aquality of an aware individual.

The leader's behavior also had a caming effect on the crew. This calming
was evident in the interviews with the subjects from the group. When asked if
the group stopped along the way, several miners commented:

Y eah, we stopped different times—one guy fell down. | pulled him back
up. Hefell down. Hewasalittlered and hysterical therealittlebit of the
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time. And we stopped and the boss talked to him and calmed him down.
Westopped periodically, if anybody washaving problems. We'dstopand
check. Not long, but long enough to talk and see where to go and calm
down.

And like | said, the boss, between him and whatcha-call-it, he more or
lesskept everybody level-headed, you know, like, well, at | east not have
no panic and everybody take off, you know.

The boss said, "We got to put these (SCSRs) on fellows. Thisis no
drill. Put them on but everybody stay calm, and we'll just take our time
and well walk out. We'll be all right."

Weall stuck together real well. Y ou know, if | got too far or [the miner
who] was with me, he'd get out in front of me and if we got too far, the
boss or somebody just said, take a break and the one guy was having
trouble and he said you know, that he needed to rest some and we just
stopped and rested with him.

Theleader of the group who wasal so the authority figurewas decisive, logi-
cal in hisleadership behavior, had acalminginfluence, and was knowledgeable.
All members of this group evacuated the mine without undue difficulty.

3 Left - Adelaide

Most members of the production crew making up this group had been
working together for sometime. There were three new members on the section
the night of thefire, but each was an experienced miner who had worked in other
sections of Adelaide Mine. A utilityman who had been with the crew sincethe
section was started noted:

We had some people come and people go, but the majority had been
together for at least probably 2% years.

Despite their history of working as a crew, these miners did not escape as one
cohesive group. Instead, they spread out forming afast subgroup, a slow sub-
group, and by the end of their evacuation there were two minersin the middle.

After learning of the fire, the section foreman warned the crew and they
gathered at the dinner hole. At this point, most of the miners did not think that
they were in danger:
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That did come up, how it (the belt) could catch fire when it wasn't
running. Y ou know, but still that hasn't sunk into usthat it was burning
that hard.

In contrast to other groups where the foreman attempted to calm the miners
during the escape, this foreman tried to impress upon the group the seriousness
of the situation. According to the utilityman:

Theforeman said, "Hey, look, thisisserious shit. Y ou know, we got to
get out of here." And then everybody started saying, well, maybeit is
burning that hard. But it was till hard to believe it was.

The crew began their escape by traveling outby on the mantrip. When they
encountered smokeinthetrack entry, the minersgot off the mantrip, distributed
the SCSRs, and planned on goinginto theintake escapeway. At thispoint, some
miners "took off" and the group began to separate. One miner commented:

They started passing the self-rescuers out and everybody just started
taking one and that's how...we got spread out.

The front group saw themselves as |eading the way:

So we were more or less in the front, leading the way and the foreman
was back with some of the other people...We were the ones that were
picking the escapeway oui.

When the miners hit smokein theintake escapeway, they moved to theright
return aircourse which was the secondary escapeway, but still had to contend
with heavy smoke. The crew continued down the return and crossed one over-
cast. Atasecond overcast, the group experienced fear beyond that of any other
escape group:

| wasthefirst onethere. | had like one guy on either side of me, walked
up there to the overcast and | stepped right into it. And it waslike a
black wall. 1t waslike burning fifty tiresand trying to walk throughiit...
And | said we can't go that way. So we walked out and there was
some—I know there was doors in those overcasts. | said, the intake's
here someplace. All we've got to doisfindit. And you'd open up the
door and it'd just billow out; and you'd open up another door, and it
would billow out. And that's when we had alittle team meeting; that's
when people really started getting tight. 1t was like, which way do we
go?...And | remember asking the foreman as we opened up the door, it
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looked like it was a black river running by. That's how thick it was.
And | sad, "Was that the intake?' He said, "Y eah," and—it's not real
registeredin my head—I remember, "It can't be! It couldn't have burned
through already!"

Theamount of smokeintheintake and other aircourses|ed theminersto believe
that all exits were blocked by fire. In this case, knowledge about the mine and
its ventilation patterns hindered rather than helped those miners with this
information. It was later discovered that a door had been left open and the
smoke was not following the usual mineventilation pattern. At thetime of their
escape, however, the crew had noway of knowingthisand logically assumed the
fire was blocking all exits.

The group then walked back into the mine, toward the faces, searching for
a door into another entry. Near the mouth of the section, the miners in the
becamelost. The miner operator said:

We got confused and started going back into the section till weruninto
the first door and we just made a complete circle and come right back
to that main overcast again.

It isimportant to note that the boss was not in the lead when the group got lost;
the group in the front had gone off in the wrong direction.

The crew stopped, realizing that they were lost. The foreman probably
figured at that point that the fire was between the crew and any chance of
escape. With adoor left open, the smoke was entering areas of the mine that
"made no sense.” In this situation, the foreman's knowledge of the mine con-
fused him because seeing smoke in the return indicated to him that the whole
minewasonfire, or a least firewasblocking al of theexits. It appearsthat this
analysis made him too upset to make a clear decision on the direction to travel.
The miner operator yelled at the foreman, telling him to calm down so that he
could think about their escape:

Then | myself told the boss—I said, "[Boss|, get your composure and
get us the hell out of here. We're all scared you know."

The miner operator continued, explaining that at this point the section foreman
pulled himself together and demonstrated his knowledge of the section and his
awareness of his surroundings, saying:

"Thispileof dirt shouldn't be here." | think hesaid right or left—I don't
remember—but he said, "This pile of dirt shouldn't be here."
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This information was all that was needed to point the group in the right
direction.

After getting back on track, the front subgroup took off again. Thesection's
utilityman seemed to take charge of this subgroup to some degree. Hewasthe
individual who initially asked questions and made suggestions ("Can't we do
this, can't we do that?') and potentially could have filled the "second
lieutenant's’ role, but did not. Instead, this person went with the faster miners
and left the foreman and slower people behind.

As mentioned before, the front group saw themselves as leading the way.
The slower group, however, did not see it that way. The miner helper said:

I told them come on, why don't you guys wait for...One of them said,
"Thisisevery manfor himself." Peoplewerescared, doyou know what
| mean?

One of the bolter operators commented:

Everyone wastogether. Then when we got to the return, why someone
just took off, you know, never waited on anybody. They panicked and
got scared. That'stheworst thingintheworldtodo. Everybody should
stick together.

Toward the end of the escape, one of the roof bolter operators was having
agreat dea of difficulty and the slower group stayed behind with him. The
operator's buddy described what happened:

| wasthelast onein line and [the bolter operator], | don't know how old
he is, he's probably between 55 and 60 years old. | don't know, but
I could hear him starting to havetroubl e breathing in hisdevice (SCSR).
And it sounded to me like he was hyper-ventilating himself. He was
trying to out-breathe the device. That's what it sounded like to me.
| talked to myself, this man is going to go down and when | started to
think that he did go down. He fell onto the ground and | spit out my
mouthpiece on my unit and | hollered as loud as | could, | need help
here. Thisman'sdown. Only two people came back. | said there was
either 9 or 10 of usgoing out in asingle-fileline and | was the last and
I hollered asloud as | could and only two people came back. That was
the boss and [another miner].

This splitting of the crew resulted in two miners finding themselvesin the

middle, between thefaster and slower groups. Neither heard the bolter operator
call for help and did not know a man was down. These miners continued on, as
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did the faster group, unaware of the problem behind them. All of the miners
eventually continued out to fresh air.

The section foreman, the authority in the group, started out in control but
eventually lost it and never recovered the authority position with hisgroup. The
utilityman characterized the foreman as:

Excitable...yeah...but he's not to the point of panic or anything like that.
He till keeps hiscomposure about it but he's kind of a high-strung guy.
That would be more of aterm to put on him.

Continuing later in his interview, the utilityman said:

I do remember the boss was quite excitable and | remember the miner
operator telling him, "Now, you're aforeman. Get your shit together.
Now where the hell are we at?"'

Instead of any one person fulfilling the role of leader, various members of
the group displayed some of the characteristics of aleader. The foreman took
control of the situationinitially and used his knowledgeto get the group back on
track after they had becomelost. The utilityman seemed to assume someleader-
ship of the faster subgroup and directed them to don their SCSRs. When the
foreman seemed to be losing his ability to make logical decisions, the miner
helper calmed him down. At another point, one of the bolter operatorstook the
lead and went to exploretheway over an overcast. A bratticeman on the section
that shift, one of the two minersin the middle, assumed the role of assisting the
other, who was older and having some difficulty.

The dynamics of the escape for this group were foreshadowed when the
SCSRs were distributed and people simply took off. One group member
explained the lack of discussion saying:

Our crew, most of them have a good bit of time in the mine and it was
just—as soon as we run into smoke, that was the first thing everybody
thought, get into the escapeway.

Throughout the escape, no one person was looked to as the leader. When

gueried as to who was making the decisions, the miners of this group provided
various answers, resulting in no consensus.
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4 South - Brownfield

This group consisted of a production crew plus a mine inspector who was
inthe sectiontheday of thefire. Theauthority figuresin thisescape group were
the section foreman and the mine inspector. As it happened, these two
individuals knew each other and jointly led the escape. The section supplyman
commented:

The boss and the inspector was there, and they were discussing which
way to go—which would be the best way to get out. So they decided it
would be down the belt. We al went down the belt.

This group, like the 3 Left crew at Adelaide Mine, had a split escape but with
dynamics and |eadership characteristics dissimilar to those of 3 Left crew. The
major problem in the faster group, led by the foreman, was with breathing
through the SCSRs because they were moving so fast. The slower group, led by
the inspector, had a miner who experienced breathing problems and was
continually falling down. Toward the end of the escape, hefell afinal time, was
left behind by the other miners, and was later rescued.

The foreman felt and assumed responsibility for the men but was
strengthened by the support of the inspector. An indication of how well the two
men worked together isfound in both of their interviews. The inspector, when
asked who was in charge, replied:

I didn't feel likel wasin charge, [he] isthe section foreman but anything
either of ussaid or did, I've got alot of respect for [him]. | know [him].
Anything he said | didn't question. Anything that it appeared | said, he
didn't question and anything that either of us said wasnt, like | said,
therewas never once any talk. Even when it came down to who'sgoing
to go with the fast men and who's going to go with the slow men, there
was never no discussion. It was just one of us said what well do, and
we did it.

Commenting on his leadership role, the section foreman noted:

Well, I'm responsible for them. | didn't want them splitting up. | was
glad the inspector was there because | felt he's going to watch these
people and I'm going to watch the other group...I wanted to stay in the
back and know where my people are. That wasmy first concern. | just
didn't like the idea, but didn't want them taking off the way they were.
| was afraid, you know. | can't sit on them.
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The above explanation documents that the foreman was decisive, yet
flexible. During the escape, some of the men began to take off and the foreman
was concerned, yet aware enough to know how frightened the men were. The
inspector understood the dynamic too, and athough against accepted
"evacuation policy" of not splitting up agroup, considered the decision to allow
the faster men to go ahead with the supervisor.

The manner in which the inspector, who functioned as the "second
lieutenant™ in the group, communicated the fire to one of the crew is evidenced
in the following comment from a bratticeman:

So | started to pick up my tools. He[theinspector] said, "leavethetools
behind, don't worry about them, let's get out of here," and with his
advice and his quickness and alertness, | became aware that it was
Serious.

Initially, some of the miners took off immediately ("they ran like deer"), but
were stopped by the supervisor who "made them wait till everybody was there
so we had everybody before we started.” Both leaders responded calmly.

It is interesting to note the behavior of the inspector when the man in the
slower group continued to fall:

I know at one point...I said let's stop and take a minute and the man is
sitting there and the mechanic was still with usand | recall looking at
my watch, and | thought we had been under oxygen, | believe, it was
20 minutes at thistime and | knew we still had awaysto go.

The inspector was continually evaluating the situation and reasoning alterna-
tives, similar to the other group leaders. Thissameindividual made aprophetic
observation when the men were first putting on their SCSRs:

I looked around to make sure they were starting to put theirs on and
when | looked over and saw the bigger man—that's about the first time
| started getting a little worried because he was shaking somewhat
severely, hishandswere, you know, very noticeably tremblingand | just
thought to myself, "Oh, boy." | said, "I think we are going to have
trouble because he's having a hard time."

This miner was alarge man who weighed in excess of 250 pounds. When
he went down the final time, the inspector was in a serious dilemma:

| don't recall how far, but | know | was struggling with this man and
I know he was making me tired and | hadn't had any problem up until
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In desperate circumstances, the inspector continued to follow what seemed to
him alogical path. Inrecounting his story, the inspector noted that although he
would like to have thought he was in control, he realized he was not. Each
leader had taken an extra SCSR. Although the inspector was running out of
oxygen, he forgot he was carrying an extra SCSR ("Maybe I'd taken too much
smoke.") This point emphasizesthe severity of the situation. Theinspector got
to fresh air, saw the foreman, and told him of the miner who was down. The
foreman said, "He's my boy," and went back in for him. In the meantime, the
miner who was down was left alone. The final person who had been trying to

this point but when | looked down, | realized the bagsin my SCSR were
flat and | know here again | thought, boy, there was no discussion about
it, but the section foreman and those other guys, they're probably way
ahead of us by now and here I'm back here with this guy and he having
all thistrouble and now I'm having trouble breathing and breathing was
getting harder and harder. | didn't think to look at my watch, but I didn't
know, had | exhausted the machine (SCSR) or was | running the same
problems as this man? | was using more, you know, demanding more
out of themachinethan it wasgiving. | knew | wasworking alot harder
now and | started getting concerned about that now too and | guess we
continued. | continued with thisman. We finally came to a high spot
and, like| said, | was still having—I was taking as much outside air in
as| wasout of the machine...I realized how this man is now because my
machineis not giving me air or what, but when we got to the high spot,
I knew exactly where we were because from traveling the belt, | knew
wewere at theintake over wherethey had cut the overcast for theintake
and the man that was having so much trouble, he's down again. He
looked at [the mechanic]. | saw him look at [him] and he said, "You
guysgo. You just leave me here” Hesaid, "I can't go no more.” He
said, "I'mjust going to stay here." | looked at the other guy and | said,
"I gotto go." | said, "Thereisno sense in me staying"... said, "l can't
breathenow." | said, "I know wherelI'mat. | can send somebody back.
I'll go out and get somebody."

assist this miner decided he was;
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Not going to make it, I'm going to try and get out. So | started out and
| was only about a hundred foot from [him] when | came through the
overcast and | opened the door and | saw No. 7 and | thought, good, this
isfreshair, or thisisa, you know, theway out...So | thought, "Well, I'm
going back in to get [him]."



Actually, this miner was mistaken about his location. However, while he was
trying to convince the miner who was down that they could reach safety, the
foreman arrived. Together they got the miner going again and out of the smoke.
Everyone was then accounted for.

Several |eadership questions emerge in relation to thisgroup: Should they
have come out together? Should theleaders haveinsisted on more unity, or had
better control over the group to facilitate a cohesive group evacuation? The
inspector responded to the inquiry about split groups by stating that there were
two individuals who could show leadership and if you have two groups, "don't
hinder the one group because of the problems of the other group.” Clearly,
despitethe split escape, therewas decisiveleadership by bothindividualsinthis

group.
5 South - Brownfield

The group, a production crew, was led out of the mine by their section
foreman and a roof bolter operator. A shuttle car operator remarked:

[The foreman] isour boss. He knew—he done right. He got us on the
right track and kept us on the right track. Between him and [the bolter
operator].

Again, the leadership in this group was basically the authority figure, with the
particul ar assistance of one of the men, aroof bolter operator, but with input of
others. Thisgroup, after an uneven beginning, ultimately stuck together, even
though there were several older minersin the group and one person who had
continual difficulties breathing with his SCSR.

After being alerted to the smoke, the crew assembled and began its
evacuation. Two miners, both bratticemen, ran ahead of the othersin the group.
A bolter operator noted that one of the men said at this time:

"Comeon, let'sgo. Wegot to get out thisway." And hetook off. Well,
he took off and went down like—and he was leading the pack, okay.
When we got down to where the regulator was at and put the self-
rescuers on, you know, that's when [the boss] took over. But that's one
of the things that | told [him] later on, | says, "You're the boss. One
thing you got to do if this ever happens again, you should have a man
that's in charge that's going to take his time and walk out of there slow
and easy with his SCSR on."

Inthe course of the escape, the bolter operator assumed therole of advisor to the
foreman. One miner explained why the two men took the lead initially:
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See, bratticemen know pretty much what's going on, where everything
isat. I'd say the two bratticemen up there pretty much took the lead
out—pretty much took us ou.

When asked who took the lead in the group, one of the bratticemen said:

Well, me and my buddy, 'cause we knew everything, every place up
there. Some of the bosses don't know their way around, and I've been
in that place for eight—near nineteen years.

Both bratticemen felt they had theknowledgeto | ead, yet they took off, traveling
too fast for the group. They were unaware of the needs of other members of the
group and the surrounding circumstances. This behavior isnot characteristic of
effectiveleaders. Inthiscase, theforeman stayed in the back to assist the slower
individuals.

At one point, the foreman left the slower miners to check the mandoors
ahead hoping to find clear air. Asthe foreman opened one door, he saw thick
smoke:

Right then, panic hit, believe me. 'Cause all the teaching and training
everything, these are all supposed to be separate splits. Well, the first
thing that goes through your mind is everything is burning. In my
opinion, there was no sense in even trying to get [out, but] you're still
thinking—so | come back.

Thisleader, although voicing hisconsideration of giving up when hethought the
whole mine was on fire, rapidly moved on to explore alternatives ("you're still
thinking").

When the foreman returned to the group, the group members were panicky.
Hefelt everything was out of control at that moment and he knew the group was
introuble. The men had decided that they would wait only 10 minutesfor him
to return, indicative of the anxiety and the need to "do something".

| told the guys, | said, you guys want to try to make it over there and
before | said much more...the bratticeman said, "We're ahead of the
smoke. Let'sgo." Well, right then—well, everybody seen the smoke
here. That's when there was not much control, you know, everybody
started just going.

Again the group spread out somewhat, the foreman staying behind with the

slowest group members. The section foreman responded when one of the men
"took his self-rescuer off and threw it out. [The man] said he couldn't breathe
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out of it, so | helped him get thelittle one (filter self-rescuer) off hisbelt and got
it open. He couldn't even open that one, but he got to breathing in it."

The leader of this group made sure everyone was supervised during the
escape by taking a position toward the back of the group. He was concerned
about the slower men and about someone going down. When the group entered
fresh air, everyone was accounted for.

6 West - Brownfield

Thisgroup consisted of threeindividual's, including amaintenance foreman
and a mechanic who usually worked together, plus a State mine electrical
inspector. The only interviewee from this escape group was the maintenance
foreman, who assumed theleadership role. Themineinspector, although an out-
sider, represented authority and at first exercised that authority. When apprised
of thefire, the maintenanceforeman initially wanted to ride out on amantrip, but
the inspector said no. When asked about the inspector's reason for this, the
maintenance foreman said, "Well, it could cause an explosion he said, for one
thing. | mean, we were on the damn thing when he says no."

The maintenance foreman, the authority in this group, went along with the
mineinspector until the group hit heavy smoke. Hethen decided the appropriate
escaperouteand "they never disagreed.” When the group encountered the heavy
smoke they searched for a mandoor in an overcast but could not find it. The
maintenance foreman knew they had to go back and hetold thisto the other two
men:

I knowed where | was going here in this case, so | mean | knowed
exactly where | wanted to get to.

Thiswasanimportant moment inthe leadership dynamicsof thegroup, anatural
evolution based on knowledge, logic, and decisiveness. The maintenance
foreman continued:

I mean, the inspector, when | turned around and said, "We got to go
back," he says, "No," and | says, "Y ou can do what you want to do, I'm
going back." 1 said, "Y ou can follow me or do what you want." At that
point | didn't give adamn who followed meor who didn't. | wasgetting
out of a heavy concentration.

Itisinteresting to notethat the next day the maintenance foreman returned to the

area of the mineto find the door; it was there where he "knew" it should be.
The maintenance foreman did not lead thinking only of his own safety.

During the entire escape he was attentive to the rest of the group. He said:
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I wasin the lead all the while and | mean, | knowed they were in back
of me. | mean, if one of them would have dropped back, we would have
gone back and got him, or tried to anyway.

Thisleader had acritical piece of information that none of the other groups
had: he knew exactly where the fire was. When the fire boss called to alert
them about the fire, the maintenance foreman had asked where the fire was:

| was the only one out of the guysthat knowed where thefire was...and
thereason for that is| took and asked [the fire boss] where thefirewas.

The maintenance foreman wasthe only personin al eight groupswho knew the
exact location of the fire and knew that the group had to travel past the fireto
escape. He also knew that the return aircourse was double timbered; therewere
two rows of posts supporting theroof. Hewasaware that aslong asthey walked
between the timbers with the beltline on the left, they would pass the fire.

At one point in the escape, this group was passing under an overcast and
heard footsteps overhead. It was the crew from 5 South:

I heard them coming over the overcast, and then | was relieved alittle
bit because | knowed that boss coming with that crew wasreal familiar
with the mine. | wasfamiliar with it, but not like him.

Knowing that the other crew was going in the same direction increased the
maintenance foreman's confidence. The three individuals in this group then
continued down the 6 West return aircourse to safety.

7 Butt - Cokedale

Thisgroup, under the supervision of a construction foreman, was assigned
torelocate apower center on the section. The construction foreman, the author-
ity figure, took charge and led the group out of the mine. Although this group
experienced some problems during their escape, the group members never lost
confidence in their leader and his ability to manage a successful escape. This
individual had set up the ventilation for the section and, according to a motor-
man on the section the night of thefire, the foreman "knew which way to go...we
just followed him ‘cause he, he knew the area.” A mechanic working in the
section said:

| felt pretty confident though because | knew [the construction foreman]

had been up there for along time walking returns and this and that and
he was real familiar with the area.
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The construction foreman was aware and knowledgeable as evidenced by the
comments of another mechanic on the section:

We were lucky because we had [the construction foreman] and he just
spent awhole, he probably just spent 6 monthsin that return, posting it
and cleaning it up, so we really didn't have any trouble with the return
and we basically had enough knowledge of the area.

The leader himself indicated his knowledge of the mine in that everybody:

Was asking me where we were at, what direction we were headed. And
with the information that | had, because the biggest part of this| set up;
the ventilation, the overcast and so on, the return escapeway. And
I knew first hand, you know what direction we were in, where the
mandoors were at.

Thegroup'sfaith in theforeman continued even when some major problems
were encountered early in their evacuation. When notified of thefire, the con-
struction foreman gathered the group together and the crew began their escape
in three vehicles: alead jeep, the foreman's jeep, and a portal bus. When the
group encountered smoke in the track entry, they experienced two vehicle
wrecks, one of which actually knocked the construction foreman and another
miner off their vehicle. Inthe wreck, the miner lost his hard hat and cap lamp
and had to escape without them. This became a problem, since the miner was
continually hitting his head against the mine roof on the way out. In addition,
this miner pulled the SCSR that he was about to don out of its carrying case.
The SCSR could not be reattached to the case, resulting in the device having no
carrying straps. To help this miner carry the device, another miner used
electrical tapeto fasten the SCSR to hisbuddy's chest. Since SCSRstend to get
very warm with use, the miner also had to contend with this discomfort.

During the escape, the construction foreman remained aware of the con-
dition of othersin the group and responded to a miner who was having trouble
with his SCSR. When the construction foreman said to put on the SCSRs,
awireman said:

| was like shakin' like aleaf, couldn't get the damn thing open. And he
finally come up to this control and said, "Here, pop this, stick thisin
your mouth."

It is of interest to note that, whereas in some of the other groups there was

a "second lieutenant,” in this group the construction foreman was totally in
charge:
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| was aforeman in charge of that area, and when | said to these people
what we had to do, there was no second-guessing my decision. These
peoplewere counting on my knowledgethat thiswasright and therewas
no second-guessing it. | had no problem with these people asfar as my
decision...I didn't ask for information or input from anybody else. That
was my decision that we were gonna take this course to get out.

The foreman was authoritarian, but did not act as a dictator; he told the
group the what and why of his decisions. He remarked:

I think that once they knew where they were, the direction that they
headed, where they were going to come out at and get into afresh air
area, it kinda eased their minds as to knowing. Basicaly, they knew
how long it would take to walk to these different locations and they
knew that there would be communications to the surface at these
locations. And it pretty much eased their minds.

Leadership of the group was decisive, informed, logical, and confident. All
group members safely evacuated the mine.

8 Face Parallels - Cokedale

This group was not normally a working group, and none of the members
were involved in coal production. Members of the group typically performed
maintenance or support tasks and were doing construction work and moving
suppliesin the section at the time of thefire. In addition, there happened to be
two motormenin the section delivering railswhen notified of thefire. Normally,
these individuals worked on their own across many areas of the mine.

This group was effectively out of control most of the time during their
escape. The foreman, the authority figure, was not in control, and there was
considerabl e notation of blame and emotion evidenced in theinterviews of this
group. The manner in which the group donned their SCSRs was indicative of
the lack of leadership. When asked who decided it was time to put them on,
amechanicresponded, "Well, | think everybody decided together but, you know,
| dready had mine on." Another miner said he kept asking, "Should we put
these on?' and the foreman never answered. The regular authority figure, the
foreman, proved to be a poor leader. Asamechanic described:

The guys were more or less talking amongst themselves, and | said,

"You know, thisis real serious and this boss if we're not careful he's
going to get uskilled."
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A trackman with the group was not familiar with the section and became
concerned:

I can understand how people could be excited and you know, improper
decisions could be made. But, you know, it kept snowballing. You
know, his improper decisions that he was making, you know. | was
getting more and more negative about following this man aswe went...
I'm not saying that | was the only person that was cognizant that [the
boss] didn't know what he was doing. | believe everybody had some,
you know, at somelevel had that feeling. But thefear level wasstarting
torise.

A mechanic remarked:

Therewasalot of confusion...the [foreman] couldn't figure out how to
get into the intake escapeway...a lot of the guys started getting kind of
real, losing alot of confidencein him.

A leader who fit the profile characteristics did emerge: he was know-
ledgeable and discerning, his leadership evolved, and he was responsive to
others in the group. The miner who emerged as leader began in the "second
lieutenant” position as an advisor. He "knew" based on an odor that there was
something wrong. There was an odor and some smoke and he said to another
miner, "Turn that machine off, thereis something bad wrong here." Thisminer
was acutely aware and noted numerous details while continually processing
information. He could "hear that the power center was on," and that confused
him.

A general insidelaborer (GIL) at thetimeof thefire, thisminer wasaformer
mai ntenance foreman and knew that the power center should not be on. Hewas
one of the first to recognize the gravity of the situation while the rest of the
group were speculating what was on fire. The GIL knew by the amount of
smoke that the fire was not just a trolley wire hanger burning. He recognized
that the men were getting upset, and as he explained:

I am a personal friend of [the foreman] and...the situation, | wanted to
talk to [him] but I did not want other peopleto hear what | wanted to tell
him because people were getting upset right off the get-go...I was
thinkin' of peoplel can count on...I guessyou would say that it waskind
of afeeling of if you were in an airplane and you had to count on
someone to hold that parachute for you could you count on that person.
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During the group's escape, this miner was continualy evaluating the
situation. A further example of thiswaswhen he discussed his concern that the
men were struggling:

If these guys start droppin’, there is no way we, the three of us can pick
up three other guys and carry them and get through these old workings,
there's no way. So then I'm thinking well the next steps we're gonna
have to start barricading ourself, that's all.

The GIL told the interviewer that when the group was in the returns in heavy
smoke, hewaslooking for footprints. He knew that the returnshad to bewalked
periodically by thefire bosseswho examinethe areafor hazards. The GIL said:

When | seefootprints| feel better...Somebody wasthrough herealready,
thereisonly one set going out. So chancesarethat if therewasareturn
set of footprints, | would think somebody had to turn around becauseit's
blocked.

Thisroute, in fact, led the group to safety.

The leader of this group was conscious of the behavior of other members
and careful in how he presented hisadviceto them. When some membersof the
group left their lunch buckets behind, he was concerned.

How can| say it? Being aforeman for 8 years, it'shard not to say things
sometime...I could see things going on that was wrong, especialy the
discarding [of the buckets]. So | would say, "I surewouldn't throw that
away." | wouldn't say, "Don't throw that away, you don't know how
long we're going to be here or what's going to happen.”

The statement above characterized thisgeneral inside laborer who had once
been a foreman. He presented himself as the foreman's helper during his
interview, whereas the other members of the group clearly indicated their
foreman was inept and that the GIL led them out. He placed himself in a peer
relationship with the group and a peer relationship with the foreman. In his
interview, the foreman quoted the GIL often and was resplendent with the
sentiment: "1 should have." At one point the foreman stated, "I plain freely
admit, | screwed up."

Discussion

A comparison of the three mine sites revealed no evidence of differences
among the sitesthat would be relevant to thisstudy. There were no appreciable
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disparitiesin communication, emergency systems, firefighting response, safety
issues, or subject demographics. Leadership in the eight groups thus will be
compared across mines without bias.

Among the persons who led each of the eight groups to safety, five of the
group leaderswere the regular person in charge (usually the foreman) and three
individuals emerged as leaders during the groups escapes. As described
previously, analysis revealed consensus characteristics which, taken together,
create a leader profile. The individuals who assumed positions of |eadership
during the underground mine fires fit a profile that included the following
characteristics:

* Aware, knowledgeable

» Decisive, yet flexible

* Open to input from others

» Caming influence; gained followers' confidence
» Logical decision-makers

» Allowed leadership to develop naturally

The reasons that |eaders emerged other than the regular authority varied in
each of the three groups. In the case of the group from 1 Right at Adelaide, it
was the foreman's first night on the job. He maintained his authority in the
group but was recognized as incapabl e of |eading because he was not familiar
with the mine. For the group from 3 Left at Adelaide, there was a split escape
and no clear leader emerged. Thethird emergent leader, found in the group that
escaped from 8 Face Parallel sat Cokedal e, took over when the hierarchal |eader
panicked and was ineffective in making decisions.

In examining the instances where there was a lack of leadership from the
authority figures, two characteristics emerged. First, a lack of knowledge
contributed to anindividual'sinability to guide hisgroup. Second, leaders™lost
personal control" and thus heightened anxiety in their groups. Asshown in the
group from 1 Right, alack of knowledge did not necessarily result in aloss of
authority. A lack of self-control, however, was more likely to have such an
outcome. This seemstrue even though no evidence of actual panic behavior was
found in any of the authority figures or leaders.

Throughout this analysis, support was found for the affiliation model of
emergency response, as opposed to the panic model. Although there was
evidence of "nonsocial, blind, irrational behavior" as defined by Hodgkinson
[1990], the study reported in this chapter found that the majority of subjects
behaved appropriately and within the accepted social framework. In fact, the
social structure was defended, in several instances beyond reasonable evidence
to the contrary, an example of which can be seen with the group from 8 Face
Parallels. In thisgroup, the membersinitially continued to turn to the foreman
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even after he had shown his indecision and evidenced his inability to lead the
escape.

The present study supports previous research in concluding that panic is
reduced by introducing appropriate leadership [Misumi and Sako 1982].
Effective leadership also increased the likelihood of efficient evacuation. As
found in earlier research [Hodgkinson 1990; Sime 1983; Abe 1976], the miners
tended to head for afamiliar route and/or follow the route otherswere using. In
all cases, the group'sfirst direction of travel and mode of transportation chosen
werethose used in routinetrips out of themine. Numeroustimesthroughout the
interviews, miners mentioned following the person ahead when the familiar
route becameimpassable. When aknowledgeable personwasinthelead and the
followers had confidence in that person, the evacuation proceeded more
smoothly.

Future Research

Are characteristics identified in the profile presented required for an
individual to fulfill the role of leader during a crisis situation? What if an
individual has some, but not all of the noted characteristics? Some individuals
identified during this study evidenced several, but not al, of the profile
characteristics. Further analyses are needed to determine the fit of these
individuals in the group dynamics and their contributions to the successful
escapes. Another realm of crisis behavior only mentioned in this study is the
influence of leader/follower familiarity on the ability to lead. Is personal
relationship in crisis leadership a component of success or failure? Affiliation
theory suggests that familiarity influences behavior. However, analyses were
not compl eted to document rel ationshi ps between leadersand followers prior to
their escapes.

This work supports Hayashi's [1988] emphasis on the study of the
anticipated behavior patterns of leaders as complementary to the study of the
circumstances of disaster escape. Training for response to mine emergencies,
and therefore to other emergency situations as well, should consider the likely
human behavior tendencies. Perhapswork crews should be evaluated to ensure
that at least one person can and would lead the group in the event of an
emergency. Thesepotential leadersmay, or may not, bethe authority figurewho
leads during routine production.

This research suggests that the quality of leadership shown during these
mine evacuations affected the responses of victims and the efficiency of their
escapes. Furthermore, a profile was devel oped based on the actions and words
of the most successful leaders. Perhaps these findings can be generalized to
other emergency situations. If so, it may be helpful to share the profile with
individualswho could bein positions of authority during aworksite emergency.
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The profile could be used as a guide for training in leadership development.
Another important finding of thiswork is the need for explicit communication
about all factsknown during an emergency. Inthesefires, increased knowledge
of the danger allowed better planning for evacuation and for more decisive
actionsto betaken. Even in very dangerous situations, knowledge of the prob-
lem did not cause minersto panic and act irrationally; instead they continued to
think and act based on all the information available. It is therefore suggested
that training be given to all miners to promote effective leadership and to
reinforce the importance of detailed communication during mine emergencies.
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CHAPTER 10.—FORMAL LEARNING FROM ESCAPE
NARRATIVES THROUGH THE CREATION AND USE
OF TABLE-TOP SIMULATIONS!

Thisbook has employed miners narrativestoillustrate basic conceptsabout
the escape process. One of the most powerful means by which people make
sense of their experiences is through the telling and internalization of stories
[Bruner 1990]. By couching one'sown and others motives and actionsin terms
of a coherent narrative, a person is able to learn from mistakes and plan future
behaviors that may help ensure survival. A growing body of research suggests
that decision-making skillsused to deal with emergency situations can be taught
and assessed by simulations based on narrativesfrom the real world [Bransford
et a. 1986; Brecke 1982; Brener 1984; Connolly et al. 1989; Halff et al. 1986;
Jones and Keith 1983; Lacefield and Cole 1986]. Such techniques have been
used to address the decision-making of medical personnel, civil and military
flight crews, and even people involved in broader life events such as political
and military situations [Babbott and Halter 1983; Dugdale et al. 1982; Farrand
et al. 1982; Gilbert 1975; McGuire 1985; McGuire et al. 1976; Flathers et al.
1982; Giffinand Rockwell 1984; Jensen 1982; Janisand Mann 1987]. Giventhe
validity of this method of study and the promise it holds for helping people
improve the quality of their responses to nonroutine occurrences, it is perhaps
surprising that there have been no studies of emergency decision-making among
blue-collar workers prior to those conducted by the present authors and their
colleagues.

Thepurposeof thischapter isto describe underground coal miners decision-
making performance on a table-top simulation whose problem structure is de-
rived from interviews with agroup of eight minerswho escaped from the 5 L eft
section at Brownfield Mine. The exercisewas constructed by apanel of domain
experts (mine saf ety and rescue personnel) with the assistance of an educational
psychologist. The simulation includes actual predicaments with wise and un-
wise decision alternatives that, in the opinion of these domain experts, are
characteristic of such escapes. Resultsreported in this chapter are the scores of
asample of experienced mineworkerswho completed the simulation. Because
the exerciseisaseries of objective performance tasks coupled with detailed and
immediate feedback, this simulation can be used to teach and refresh critica
escape skills, aswell asto provide data concerning the proficiency of miners at
the time of exercise administration.

LA revised version of this chapter has been published as: Cole HP, Vaught C, Wiehagen WJ, Haley 3V,
BrnichMJJr.[1998]. Decision making duringasimulated minefireescape. |EEE Transon Eng Management
45(2):153-162.
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Complexity of Escaping From a Mine Fire

When afireoccurs, miners must maketheir escapeto the surface by seeking
out and traveling accessibleroutesto amine portal or shaft. The ventilation sys-
temthat is designed to bring fresh air to the working faces, carrying away meth-
ane and dust in the process, now provides oxygen to a blaze that has a nearly
unlimited supply of coal. Firestherefore may produce very high temperatures,
dense toxic smoke, and, as they burn through stoppings and other ventilation
control devices, unpredictable changesin the direction and velocity of fresh air
moving into the mine. If the mine atmosphere is oxygen-deficient or con-
taminated with carbon monoxide, asis often the case, miners must promptly and
correctly don emergency breathing apparatus in order to stay alive.

The process of escaping fromaminefire presents myriad predicaments and
requires quick decisions in the face of uncertainty. Information about the lo-
cation of the fire, conditionsin the mine at points along various escape routes,
and the whereabouts and condition of other miners are often unknown. The
choice of evacuation methods may present dilemmas. For instance, riding out
on a mantrip can enable a rapid escape but could ignite a lethal methane ex-
plosion if there has been disruption to the ventilation system. Walking out may
forestall a methane explosion, but would requireincreased time and effort, and
might result in miners becoming lost. When escaping miners make decisions
about these sorts of concerns, many of their subsequent actionsareirreversible.
Furthermore, the outcomes of these actions cannot be known until they are
completed. Itisevident, therefore, that miners should be prepared to predict as
accurately as possible how future events will be influenced by their choices
among alternative actions.

Need for Research and Training in Mine Escape Decisions

In areview of decision-making theory and research, Halpern [1984] made
the following points: A decision always involves choosing among two or more
competing alternatives. Decisions are made in response to a recognized prob-
lem. Y et, unliketraditional academic problem solving, real -world decision-mak-
ing involves dilemmas in which there is no clear "best" solution to a problem.
Inadequateor conflictinginformation about alternativesalwaysexists. Risksare
associ ated with each choi ce, and thesechoices, oncemade, areoftenirreversible.
Thedifficulty liesin makingjudgmentsabout which alternative actionisbest for
maximizing gain and minimizingloss. The decision-maker must attempt to pre-
dict how future eventswill beinfluenced by hisor her choicesand doessoinan
atmosphere of uncertainty.

Halpern also noted two additional characteristics of decision-making as
determined fromempirical studies. First, even highly trained professional soften
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make errors in real-world decision-making. Second, when teaching decision-
making there is a tendency to use case studies where the outcome of persons
choices are known to those who review the case study, and where the choices of
the persons facing the problem are judged sound or unsound in light of the
outcome (often by reference to some algorithm). However, this type of in-
struction may be counterproductive, because during the dilemmasfaced in real -
world decision-making, the choices among alternatives must be made without
knowledge of their effects on outcomes. Good decisions depend on inference
and flexible use of heuristics rather than rigid application of algorithms based
on apost hoc analysis of events.

Theinformationminersaregivenintheirinitial classroomtraining, required
annual refresher training, and mandatory fire drills tends to provide little op-
portunity for them to engage in problem solving and decision-making [ Digman
and Grasso 1981; Cole et al. 1988a,b]. That is because traditional classroom
instruction tends to produce "inert" knowledge rather than "active" knowledge
[Bruner 1990; Cole et al. 1988a,b]. Generally, inert knowledgeis presented in
the form of simplerules (algorithms) such asthefollowing: "At thefirst sign of
smoke, don your FSR and proceed to the [mine evacuation] assembly point."
"Remember the location of the nearest cache of SCSRs (self-contained
self-rescuers) and when you get to them, immediately don an apparatus.” " Stay
together at the designated assembly point until your section foreman orders an
evacuation from the mine." "Follow the primary escapeway and stay with the
other members of your group.” "If the primary escapeway is impassable, exit
from the mine by the secondary escapeway." "If escapeis not possible, find a
good place to barricade, then barricade and wait for rescue.”

In actual emergency situations, many factors may prevent the simple ap-
plication of these rules. For example, athough miners are drilled that they
should all gather at designated assembly pointsto begin their evacuation, during
actual fires someworkers are usually missing and do not arrive at the assembly
point. In this event, the gathered miners must decide whether to wait for their
missing coworkers, conduct a search, or leave without them. If and when al of
the workers are assembled on a working section, they must still decide which
routes and methods will be used to leave the mine. Miners are taught that they
should stay together when they evacuate, but if a section crew isforced to walk
out of the mine, the crew members may have to hurry or risk becoming trapped
by thefire. Often, travel isdifficult because of low seam height, poor footing,
and heavy smoke. Because of individual differencesin physical fitness, some
miners will always be able to travel faster than others, yet the possibility that
individuals may fall behind is rarely addressed in miner training classes, or
during fire drillsin the mine.

When individual differences do enter the equation, what ought miners do?
Should the entire group travel asslow asthe dowest crew member and thus risk
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having their SCSRs run out of oxygen, or risk becoming trapped? Should the
group split up, allowing the most able to escape, and perhaps get help for their
slower coworkers? A confounding factor isthat on many mining sectionsthere
are only one or two personswho fully understand the compl ex escape routes out
of the workplace. During an escape, when the smoke becomes thick and the
crew isstrung out along several hundred feet, what can be doneto make surethe
persons at the front of the line and those at the rear all make correct turns at key
intersections of the giant maze that composes the mine?

The rather cut-and-dried rules that miners are usually taught concerning
evacuation and escape procedures do not address these types of questions.
Consequently, when workers are involved in actual minefires, they may beill-
prepared to deal with the ambiguities and complex interactions of real-world
variablesthat turn what might appear to be astraightforward escape task into an
ill-defined problem.

Utility of Simulation Exercises for Fire Escape Decision Training

Active knowledge that hel psworkers become better problem solvers can be
facilitated by simulation exercisesbased on actual minefiresand escapes. These
exercises are one way to provide miners with more accurate and realistic
conceptualizations of escape procedures. Most workers will never experience
an escape fromaminefire. Yet all miners need a good understanding of what
such situations are like and how the basic escaperulesin which they aredrilled
must always be moderated by the types of situational factors described in the
previous section. Well-designed simulations can provide powerful vicarious
learning experiences that may better prepare miners to cope effectively with
actual mine emergencies. It isfor thisreason that the training of mine rescue
teams, military personnel, and firefighters routinely make use of both full-scale
field simulations and so-called "paper and pencil” (or "table-top") exercises. It
isthe table-top simulation with which this chapter is concerned.

Table-top simulations are typically based on actual case materials. Unlike
case study reviews, however, table-top exercises do not present the outcome of
an emergency as a means for evaluating individual decisions made during the
course of the event. Rather, the ssmulation problem unfolds and requires de-
cisionsto bemadeamongalternativeswithincompleteinformation similar tothe
processinvolved in an actual emergency. Good exerciseswill simulate the con-
ceptual and emotional decision-makingaspectsinvolvedincopingwithanevent.

Table-top simulations have some advantages over full-scalefield problems,
or even participation in actual emergencies. First, atable-top exercise canfore-
shorten lengthy problem situations and |ong sequences of decision-making. An
event that might be days in the making can be concluded in 1 to 2 hourswith a
table-top simulation. Second, errors made during atable-top simulation may be
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embarrassing but are not dangerous. Similar errorsin afull-scalefield exercise
or during an actual emergency response could be dangerousor evenfatal. Third,
table-top simulations can provide the learner with a system perspective on the
problemsituation. During an actual minefireanindividual focusesonhisor her
situation and role, and may not pay much attention to key relationships and in-
teractions among the other personnel, physical factors, and equipment.
A simulation can show such relationships as well asreveal both the predictable
and capricious events that are always part of any emergency. This type of
overall comprehension of the "problem space” isthought to result in greater in-
sight on the part of the participant. Fourth, table-top simulations provide in-
dividual san opportunity to reflect upon, debate, and gain enhanced wisdomfrom
their decisions. Inaviation circles, interactivetable-top simulations of the paper
and pencil or computer-administered typeare used to teachwhat isoftenreferred
to as "air wiseness," with promising results [Flathers et al. 1982; Giffin and
Rockwell 1984].

The Escape From a Mine Fire (EMF) Exercise

The 5 Left crew at Brownfield Mine encountered extreme difficulty in
making its escape. The workers were located nearly 3 miles from the nearest
mine portal, and their first warning of the fire came when they observed smoke
being carried into their section by the mine ventilation system. The smoke was
coming through the intake entry, which was the section’s designated primary
escapeway. The smoke made this escape route impassable. The return entry,
designated as the secondary escapeway, was aso filled with smoke. The belt
entry, which was not adesignated escape route, but which wastheonly entry not
filled with smoke initially, was selected by the miners as the most viable
aternative. This entry was constricted by a conveyor belt on one side and a
double row of roof support timbers on the other. These obstaclesand the 48- to
54-inch seam height left a walkway approximately 3 ft wide, 4 ft high, and a
0.5 mileslong (at which juncture the section connected with 6 West Mains, a set
of eight entries that eventually led out of the mine over an additional 2.5-mile
route).

The workers did not know the location of the fire, were not provided such
information by surface personnel, and did not make adequate attemptsto obtain
thiscritical knowledge. During their escape, the eight minersworried that they
would exhaust the 1-hour supply of oxygen in their SCSRs, because they knew
it would take much longer than an hour to stoop-walk the nearly 3 milesto the
portal, and as far as they knew, the mine atmosphere could have been con-
taminated by smoke the entire distance. They therefore chose to "save" their
SCSRs by not donning them immediately. Thus, the workers traveled in
increasingly heavy smoke until it became impossible to proceed without the

198



breathing apparatus. All eight minerswere in dense smoke before they donned
their SCSRs and might very well have died from carbon monoxide poisoning if
the smoke had been more toxic.

Oncethey donned their breathing apparatus, and after traveling only ashort
distance (approximately 200 ft), two miners found that they could not keep up
with the group. One was physically unfit and the other old. The older miner
could travel, although slowly. The younger, unfit man soon became unable to
travel at all without help. The eight miners then made a decision to split up.
Four members of the crew who could move rapidly left the section. The older
miner followed these four at his own pace. Two fit individuals remained with
the disabled worker and attempted to half-carry and half-drag him from the
section. After falling down many times and stopping frequently, all three men
were exhausted, out of oxygen, and were exposed to smoke. One person then
left the other two. The disabled miner and hislone companion remained behind
in the smoke, with one man semiconscious and the other hoping they might be
rescued, but fearing they would die. Theindividual who left the sectionreported
being nearly overcome by carbon monoxide, and stated that he was incoherent
when he finally encountered fresh air approximately 1,000 ft outby the place
where he had |eft histwo coworkers.

Structure and Design of the EMF Exercise

Given the widespread practice of longwall mining, the setting described
aboveistypical of many sections on which minersnow work. Additionally, the
problems these workers encountered during their escape are characteristic of
those recounted by miners who have escaped other fires. Because of these two
factors, it was decided to construct asimulation exercise around the experiences
of workersonthe5 Left section. Theinitial simulation was developed by sixin-
dividuals. One of these was a Federal inspector who happened to be on the
5 Left section that shift. This person escaped with the crew and subsequently
helped conduct an official investigation of thefire. Four other developerswere
domain expertsin mine safety or mine rescue who, collectively, represented a
wide range of mining conditionsand methods. All five expertsworked together
andin conjunctionwith an educational psychologist. Theminefireexercisewas
designed to be both a teaching tool to improve miners decision-making skills
and a research instrument to provide information about the proficiency of
workers in planning an escape. The domain experts agreed that data from an
administration of this problem applied to a large group of miners could help
direct future training as well as the design and deployment of mine monitoring
systems.

The structure of the Escape From a Mine Fire (EMF) exerciseis based on
thetheory of narrativethinking from Bruner [1990], Bower and Morrow [1990],
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Sarbin [1986], and others. Bruner notes that there are two ways to understand
one'sown behavior and the conduct of others. Thefirst way isthrough narrative
thinking. The second is through formal analysis of behavior through logical
rulesand systems. Persons generally makeimportant personal decisionsby ref-
erenceto compelling storiesthat they have internalized, not by applying formal
logical rules. Theselife-directing narrativeshavebeen called " culturetales' and
"stories we live by " [Howard 1991]. Since the beginning of human culture,
stories and parables have been recognized universaly as one of the most
effective forms of instruction [Vitz 1990]. On apersonal level, lessons learned
and insights gained through stories al so tend to be highly memorable and easily
generalizable to one's own circumstances and plights [Bruner 1990; Sarbin
1986).

The EMF exercise is presented as an interactive story. The content and
structure of the story are derived from the actual eventsthat occurred inthemine
fire on which the simulation is based. The miners who work the exercise in-
teract with each other and with characters in the story. The exercise is con-
structed so that each miner assumes the role of a character who must make
decisions as the story plot develops. The plot includes obstacles and pre-
dicaments that thwart the achievement of the goals (escaping from the fire,
staying together, and saving one's buddies). At key points throughout the un-
folding story, the miners select from among alternative actions and strategies.
The consegquencesthat follow each choice are subsequently presented as part of
theinteractive story line. Thus, the narrative exercise simulates many of the af-
fective and cognitive dilemmas experienced by miners who are involved in
similar decision-making when escaping from actual underground mine fires.

The paper and pencil exercise consistsof alinear series of questions at each
major decision point. Thefirst 10 questions interspersed in the narrative rep-
resent what the domain experts determined to be key decision points en-
countered by the 5 L eft minersduring their escapefromthefire. Theexperience
of these miners providesthe basisfor the scenario. Thelast three questions ask
miners to make additional judgments about the merit of particular persons
actionsin the face of events that occur in the smulation. Twelve of the ques-
tionsarefollowed by threeto eight decision alternatives presented inamultiple-
choiceformat. One requires ashort written response in which the learner must
decide among four alternative actions. The alternatives consist of both correct
and incorrect actions (asindicated by expert consensus) at each major decision
point (question) in the scenario. The consequences of incorrect answers range
from useless to harmful or potentially lethal. These wrong alternatives were
compiled from case studies and the interviews of minerswho escaped from real
fires, and represent judgment errors that workers actually made in such
situations (some reasons why they made these errors are echoed by subjects
responses to the simulation questions).
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Four of the questions or decision points have only one correct action among
thealternativeslisted. However, the remaining questions have acombination of
two or three correct alternatives along with the incorrect ones. A miner's per-
formance on a given major decision point is not scored dichotomously as a
Oor 1, but isawarded full or partial credit based on the total number of good
decision alternatives selected, and the total number of poor decisions avoided
(not selected). Finally, each decision point isweighted equally so that when the
13 question scores are added together the exercise total scoreis scaled from 0O
to 100. Thus, the final observed total score for any given miner can be directly
interpreted as a percentage of mastery of the exercise skills and content.

The exercise consists of two parts. a problem booklet and a latent-image
answer sheet with an attached questionnaire. The problem booklet presents the
relevant background information that any miner who was at work in this mine
would know, e.g., information about the height of the coal seam, mine venti-
lation, location and distances of the portals, and the type of mining method and
equipment used. The miner working the exercise is directed to play the role of
the section foreman, and to make choices among decision alternatives at each
guestion in the exercise. Theinitial observation isthen presented asthe arrival
of smoke on the section where the crew is working. The booklet includes a
section map (see figure 10.1) that shows the number and layout of entries, the
location of the smoke, workers' positions, equipment locations, and thedirection
and distance from this section to the mine's main entries (and to the portal where
theminersmust exit). Each decision point (question) determined by thedomain
experts to be a major one is presented in the problem at the rate of one frame
(page) at atime. After the miner examines the question and studiesthe alterna-
tives, he or shethen selectsthe "best" actionsby using aspecial developing pen
to mark the appropriately numbered space on the answer sheet.

Each numbered space on the answer sheet corresponds to a numbered
decision alternativein that frame of the problem booklet. When the blank space
on the answer sheet is rubbed with the developing pen, the invisible ink or
"latent-image" answer immediately becomesvisible. The message containstwo
types of information: firgt, it tellsif the decision was correct or incorrect (as
determined by the panel of domain experts); second, it provides additional
information related to the decision. For example, in question D (the sixth frame
and fourth major decision point inthe exercise), minersare asked which actions
they should take as they prepare to leave the section on foot in the belt entry.
One of the eight decision alternatives for this question is:

Beforeyou leave, send oneminer to the pager (section telephone) to ask

for information about the location of the fire, and to report (to the
surface) that you are walking out.
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Figure 10.1.—Section map of imaginary mine in problem booklet.

When the miner rubsthe corresponding blank space between the bracketsonthe
answer sheet, the following message is instantly devel oped:

[Correct! But the miner returns and says the pager is no longer
working.]
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Each framein the problem booklet presentsthe scenario over asequence of time
and contingencies. The miner working the exercise knows only what has hap-
pened to the point at which the problem has been worked. The correctness and
consequences of the decision alternatives selected for each question are also
known only as these choices are made. In this manner the trainee must work
through the problem as it unfolds, without knowing the outcome or the effects
of his or her decisions until after they have been made.

Figures10.2 and 10.3 depict two framesin the problem booklet. Figure10.2
shows question B with six decision alternatives; figure 10.3 shows the latent-
image answersthat correspond to the decision alternatives. The entire exercise
is constructed to teach and assess the choice of aternative actions at major
decision points like those encountered by the miners who experienced thefire.

The major decision pointsinclude (1) deciding what to do when the smoke
isfirst noticed, (2) ordering priorities in terms of aerting other miners versus
first donning emergency breathing apparatus, (3) seeking more information
about the fire, (4) choosing an escape route and method, (5) deciding what
equipment to take along during the evacuation, (6) modifying the escape plan
when heavy smoke reducesvisibility to lessthan 2 ft and when two minersinthe
crew are unable to keep up, and (7) deciding how best to rescue aworker who
had to be abandoned in a smoke-filled area of the mine. The options chosen by
those working the exercise are discussed in a section to follow.

Interactive Latent-Image Format

The paper problem booklet and latent-image answer sheet system were
chosen because they were inexpensive to develop and are easy to administer in
any setting with aminimum of equipment. Only a problem booklet, aspecially
printed latent-image answer sheet, and a devel oping pen are needed. Thiscom-
bination of high technology instructional design with respect to exercise struc-
ture, combined with the low-technology latent-image delivery mode, provides
avery effective interactive simulation—a basic format which has, in fact, been
used for many yearsin medical education [Bollet 1984; Kacmarek et al. 1985].

Field Evaluation of the Exercise

After its construction, the EMF exercise underwent two rounds of field
testing. A preliminary round involved authentication of the exercise by agroup
of 10 nationally recognized mine fire and mine rescue authorities using well-
established mine rescue criteria. The criticisms, corrections, and comments of
these persons were used to revise the exercise beforeitsformal field test. This
second round of field testing was conducted at four sites with six groups of
experienced miners from several States.
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Question B

While still in No. 19 crosscut, you and the mechanic put on your FSRs and then
begin to move toward the face to warn the others and to call outside. As you
approach the power center, you see the SCSRs. What should you do now?
(Select as MANY as you think are correct.)

7.  Stop at the power center and you and the mechanic each don an SCSR.

8.  Tell the mechanic to grab a couple of SCSRs, and you grab a couple and
continue on to warn the others and to call outside.

9. Wait at the power center until the other miners assemble.

10.  Stop and check the condition of each SCSR, and then lay them out to
make it easier for the other miners to get the units on.

11.  Deenergize the power center.

12. Wearing your FSRs, go directly to the face area to warn the others and to
call outside.

Figure 10.2.—Question B with six decision alternatives in problem booklet.

Question B (Select as MANY as you think are correct.)

7. [Your FSR is sufficient for now. You need to warn the others and call]
[outside.]

8.  [When you leave, other miners may come to the power center and]
[find SCSRs missing. They may think you have left the section.]

9. [You need to make sure all the other miners are warned and go to the]
[assembly point by the power center.]

10. [Warning others to assemble is more important.)

11.  [Correct! This is a proper procedure and is an additional warning for the]
[crew that something is wrong.]

12.  [Correct! Smoke is light. You are protected from CO. You need to warn]
[others on the section and outside, and you need more information.]

Figure 10.3.—Latent-image answers that correspond to the decision alternatives shown
in figure 7.
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A total of 134 underground coal miners, including two females, were in-
volved in formal field testing of the exercise. The mean age of these workers
was 41.1 years, with a standard deviation of 8.83. These miners averaged 15.9
years of experience in underground coal mining, with a standard deviation of
7.16. The persons in the sample represented three major job categories found
inthe underground mining industry. Theseinclude (1) miners/laborerswho are
hourly employees and who are engaged in the various jobs directly related to
extracting and transporting the coal out of the mine; (2) maintenance/technical
staff who are electricians, mechanics, health and safety inspectors, engineers,
surveyors, and other personnel who do not directly mine coal but who work
underground in and around the sections; and (3) supervisorsmanagers who are
salaried employees and who include the first-line supervisor (section foreman)
all theway up to the mine superintendent. Figure 10.4 presentsthe proportions
of these personsin the sample.

In the mining industry the job categories depicted in figure 10.4 are
associated with increasing levels of skill and knowledge. Mine foremen and
other supervisors must pass examinations and be certified in such areasasmine
maps, ventilation, health and safety, first aid, escape, and rescue procedures.
Similarly, mine maintenance and technical workers must be certified in their
specidties. Inaddition, their work often requiresthemto travel widely through-
out the mine, usually in pairs. Because they have to be responsible for them-
selves asthey work and travel about, mai ntenance/technical workers need to be
more aware of the minelayout, escape routes, and escape proceduresthan do the
typical miners/laborers.

@ Miners/Laborers
Maintenance/Technical

Supervisors/Managers 45.3%

Figure 10.4.—EMF exercise: percentage of sample by job category (n = 134).
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This sample is somewhat older than and has greater experience than a more
typical sample of miners. In addition, miners/laborers are underrepresented in the
sample, while mine maintenance/technical personnel and supervisors are over-
represented. An earlier national sample of 3,658 underground coal miners from
12 States found amean age of 37.2 years with a standard deviation of 9.0, and a
mean of 11.9 years of mining experience with a standard deviation of 7.2 [Cole
etal. 1988a,b]. Miners/laborers comprised about 50% of that much larger sample;
mai ntenance/technical personnel and supervisors comprised about 25% each.

Two important generalizations can be made about the field test sample.
First, this group of miners had more experience and better training in either
fighting or escaping from mine fires than would a representative grouping of
miners. Second, most of the working miners, technical personnel, and super-
visors included here were attending regional health and safety meetings for
persons in the mining industry. These facts suggest that the exercise perform-
ance scores of this sample ought to be higher than the scores of miners from a
completely random selection.

Results

Theresults of the field test are presented in three parts. Thefirst part pre-
sents miners evaluation of the authenticity and utility of the simulation. The
second part analyzes psychometric properties of the exercise, including assess-
mentsof itsvalidity and reliability. Thethird part describesthe performance of
miners in choosing among the 63 alternatives contained in the 13 questions or
major decision points.

Miner Evaluation of the Exercise

Each person who worked the simul ation was asked to compl ete a standard
10-item Likert scale rating form. The first three items on the form were de-
signed to elicit the miner's evaluation of the authenticity of the problem and its
worth as a training device. The remainder of the items addressed the func-
tionality of the exercise structure and design. Ratings of all miners on each of
these 10 items are presented in table 10.1. Even though this sample consisted
of highly experienced workers, all persons reported that the exercise was au-
thentic and would help them remember important details. Additionally, nearly
94% reported that they learned something new from working the exercise.

Validity

Four estimates of exercisevalidity wereobtained. First, the 10 expertswho
reviewed the simulation during its authentication stage and in its final form
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judged the content validity to be high. Thisisnot surprising, sincethe problem
was based on the behavior and decision choices of minerswho had escaped from
actual minefires. Second, the 134 minersinthefield test samplejudged theface
validity of the exercise to be high, as can be seen from their ratings in the first
threeitemsintable 10.1. Third, the 63 decision alternatives discriminated pos-
itively with respect to the exercise total score. When decision alternatives are
valid, the number of wrong alternatives selected should correl ate negatively for
personswith high total scores, but correlate positively for personswith low total
scores. Likewise, the number of correct alternatives selected should correlate
positively for personswith high total scores, but negatively for personswith low
total scores. When multiple-choice test questions (or exercise aternatives) be-
have in this manner, they are said to discriminate positively among levels of
ability withinthesample. Table10.2 presentstheproportion of exercisealterna-
tivesthat positively and significantly discriminated with respect to high exercise
total score.

Table 10.1.—Miners' rating of exercise validity, relevance, quality, and utility
(frequency %, n * 134)

4 3 2 1
Content (definitely (definitely Mean jtaﬂd‘."“d
eviation
yes) no)
Exercise is realistic/authentic 88.5 115 0.0 0.0 3.9 0.32
Helped me remember impor-
tantthings ............ 62.3 37.7 0.0 0.0 3.6 0.49
Learned something new . .. 52.7 41.1 3.1 3.1 3.4 0.71
Exercise istoolong ....... 3.1 7.0 29.5 60.5 15 0.76
Liked working the exercise . 60.6 315 6.3 1.6 35 0.69
Instructor's directions are 64.9 29.1 15 0.0 3.7 0.51
clear ................
Written exercise directions
areclear ............. 62.2 354 1.6 0.8 3.6 0.57
Graphics are easy to under-
stand .......... ..., 65.1 33.3 0.8 0.8 3.6 0.55
Scoring is easy to understand  43.1 44.8 6.0 6.0 3.3 0.82
Exercise is easy toread ... 66.4 33.6 0.0 0.0 3.7 0.47

Table 10.2.—Proportion of answers discriminating positively, negatively,
and not at all with the exercise total score (p<.05)

Positive . ... .. . 51/60 (85.0%)
Negative .. ... ... 2/60 (3.3%)
Norelationship .......... ... . . i 7/60 (11.7%)
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The final estimate of exercise validity was determined by conducting an
ANOVA of exercise total scores by job category. Asexplained earlier in the
section that described the sample, knowledge of mine rescue and escape skills
may be expected to increase acrossjob categories from miners/laborersthrough
mai ntenance/technical workersto supervisorsmanagers. The analysiswasrun
on 106 persons for whom there was a complete vector of exercise question and
total scores, and for whom there was also a definitive job category assignment.
Table 10.3 presents means and standard devi ations of the exercisetotal scorefor
thesethreegroups, andtable 10.4 presentsthe ANOV A resultsby job categories.
Figure 10.5 plots observed total score means and standard deviations for the
threejob categories. Job category wasfound to account for approximately 29%
of the observed variance in exercise total scores.

Table 10.3.—Means and standard deviations for exercise
total score by job category

Job n Mean, % Stafﬁdf"“d

deviation
Miners/laborers . .................. 26 71.1 11.03
Maintenance/technical staff . . ........ 48 79.9 7.47
Supervisors/managers . .. .......... 32 85.5 7.38

Table 10.4.—ANOVA results for exercise total score by job category

Source Degrees of Sum of Mean F ratio p<
freedom sguares sguare
Between groups .. ... 2 3,051.92 1,525.96 21.31 0.00
Within groups . .. . ... 103 7,302.54 71.59 — —

Eta squared " 0.293.
Reliability

The Cronbach alpha generalizability coefficient was calculated for the
exercise as an estimate of itsinternal consistency. The observed reliability of
0.74 might be expected to increase if a more heterogeneous sample of miners
were used to achieve amore symmetrical performance distribution on item and
total scores.

Question and Total Score Performance

Individual performance on each of the exercise questions was scored by
awarding full or partial credit based on the total number of good decision al-
ternatives selected and the total number of poor decision alternatives avoided.
A mean percentage and standard deviation for each question score wasthen cal-
culated. An ANOVA was carried out for each question score to determine
which of the 13 itemssignificantly discriminated among thethreejob categories.
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The ANOV A was based on the 106 persons who could be clearly identified as
belonging to one of thethree categories. Figure 10.6 presentsthe pooled means
and standard deviations for each of the 13 questions for the entire sample of
134 miners who completed the exercise. Thetotal exercise score (TS) and its
standard deviation are represented in the last column of the histogram. The
scoring metric isthe percentage of correct responses, so that all question scores
and the exercise total score can be compared to one another in terms of diffi-
culty. Theeight questionsthat significantly discriminated among job categories
are marked with an asterisk.

Inspection of figure 10.6 reveals an important finding. QuestionsH and K
were the most difficult decision pointsin the exercise, as evidenced by the fact
that there was no significant difference among the scores on these items across
workersinthethreejob categories. Additionally, the mean scorefor question H
was 53.2%, with a standard deviation of 25.8. The mean for question K was
62.3%, with a standard deviation of 39.9. These means are well below the de-
sirable proficiency level and the varianceisvery large. QuestionsH andK are
difficult because they have in common a dilemma, described below, that is en-
countered in actual escapes from mine fires (and that participants reported asa
rationalefor their chosen options) but that israrely discussed in training classes
because these classes tend to focus on escape algorithms and rules.

100
95
90
85 —
80
75

Mean, %

70 —
65 —

55 —

50

T T T 1
Miners/Laborers  Maintenance/Technical Supervisors/Managers

Job Category

Figure 10.5.—EMF exercise: means and standard deviations by job category.
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Figure 10.6.—Question score means and standard deviations. (An asterisk (*)indicates
aquestion that significantly discriminates among job categories (p#.05). TS =total exercise
score.)

In question H, the scenario has devel oped to apoint at which the minersare
in heavy smoke wearing their SCSRs and having difficulty moving in the
narrow, low walkway along the belt entry. The unfit miner isunableto maintain
a pace needed to escape from the section before conditions become fatal. The
threedecision alternativesinclude (1) tryingto force the straggler to keep up and
having all of the other miners slow down, (2) letting the group split up and leav-
ing the straggler on his own, and (3) having members of the crew taketurns car-
rying the unfit miner. The weight of the straggler (260 pounds), his poor phys-
ical condition, the narrow and low walkway, and restrictions on heavy work
imposed by wearing an SCSR, make the first and third options difficult and
dangerous. The correct (but troubling) decision isto let the group split up so
that those miners who can travel rapidly have a chance to escape. Discussions
following the exercise suggest that this experienced group of minersunderstood
the dangersof thetwoincorrect alternativesand thelogic of the correct decision.
Many personsin al threejob categories, however, selected wrong alternatives
to this question.

Question K addresses an issue that arises when miners are missing in mine
fires and other workers wish to find and rescue them as soon as possible. Prior
to this point in the problem scenario, two of the escaping miners had tried to
help the straggler but were unable to do so. Finaly, he was abandoned, semi-
conscious but still aive. All of the other miners had reached relative safety in
fresh air about 1,000 ft farther along the escape route. The question concerns
two miners who wish to don new SCSRs and reenter the smoke filled area to
search for and bring out the missing worker. The predicament arises from the
need (as perceived by the survivorsin our interviews) for prompt rescue of the
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missing miner if heisto live, and weighed against the dangers of using SCSRs
to attempt the rescue. The person working the exercise is asked to weigh the
merits of the two miners rescue plan, and decide if rescue attempts should wait
until the fire is under control, fresh air is restored to the area being searched,
and/or a mine rescue team with proper breathing apparatus and related equip-
ment arrives. Based on many accident investigations and interviews, such de-
cision alternatives are known to be problematic for miners. Likewise, these de-
cision alternatives proved difficult (as indicated by low scores and failure to
discriminate) for the personswho worked the simul ation exercise. Thisoutcome
was observed even though the sample was a highly knowledgeable and select
group who clearly understood the risks.

The issue centers around the design of SCSRs—they are designed for
self-rescue and escape. They do not provide an adequate supply of oxygen for
rescue work and are not mechanically and ergonomically suitable for such
activity. Yet, if amissing miner isnot rapidly retrieved from the smoky area of
amine, heor shemay diefrom CO intoxication and smokeinhalation. Theissue
of mounting rescue efforts with the aid of SCSRsis hotly debated by workers
involved in both the field tests of this simulation and other similar exercises.
While al persons recognize the good intentions of miners who want to use
SCSRs to rescue missing individuals, they disagree on the merit of such at-
tempts. Experienced mine rescue personnel and other experts often argue that
it isvery difficult to travel and work in smoke while wearing SCSRs, and that
the risks are too great to justify any attempt to rescue a trapped miner while
using the apparatus. Potential problems associated with such attempts, ac-
cording to these individuals, include (1) would-be rescuers becoming lost or
disoriented, (2) workers having great difficulty finding, lifting, and moving a
disabled miner, and (3) potential rescuers displacing their SCSR mouthpiece or
nose clips, and/or running out of oxygen during the rescue attempt. Someor all
of these difficulties are very likely during the rescue attempt. Singularly or in
combination, these problems could easily result in seriousinjury or death for the
would-be rescuers.

Such an outcome would further complicate arescue of the original missing
miner(s), and endanger additional lives because (1) more minerswould be mis-
sing and need to be rescued, (2) fewer personswould be immediately available
at the scene to conduct the support work necessary for a successful rescue,
(3) those individuals who subsequently must attempt a rescue of the additional
victimswould be endangered even when they were properly equipped with mine
rescue apparatus, and (4) rescue of the original victim(s) might be delayed, thus
increasing the probability of their death.
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Mastery Levels

Each question score isweighted equally so that when the 13 subscores are av-
eraged the exercisetotal scoreis scaled from 0% to 100% (figure 10.7). Each ques-
tion scoreinfigure 10.7 isa so presented on a0%to 100% scale. Thus, thefinal ob-
served total scoreand the question scoresfor any given miner or group of minerscan
be directly interpreted as the percentage of mastery of exercise skills and content.

Self-rescue skills like those presented in this simulation should be learned
to high levels of mastery in order to minimize errors that can be very costly in
terms of death, injury, economics, and public image. Asagenera rule, pro-
ficiency levels for these types of critical skills are set at a minimum of 90%
correct performance by at |east 90% of thetrained population [Coleet a. 1984].
Figure 10.7 plotsthe percentage of individual s in the sample who scored in one
of seven mastery level intervals. Asshown, only 13.6% of the miners scored at
or above the 90% mastery level as assessed by total score performance. Nearly
50% of the sample performed below 80% mastery. A completely random sam-
ple of miners might be expected to perform at lower levels of mastery than did
this group of highly experienced and well-trained workers. If the exerciseis
valid and reliable, this suggests that miners need additional training in the
decision-makingthat isinvol ved when escapes from minefires must be planned
and executed. Simulations like the Escape Froma Mine Fire exercise may be
one cost-effective way to provide realistic practice in these critical nonroutine
skills.
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Figure 10.7.—Percent of miners attaining various mastery levels on the EMF exercise.
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Conclusion

The mean performance scores of groupsin all threejob categoriesfell well
below the 90% level of mastery for the self-rescue and escape skills presented
in the EMF simulation. However, the exercise total score discriminated
significantly among job categories (F = 21.314, p#0.0001), with supervisors
obtaining the highest mean score (85.8%), maintenance/technical workers an
intermediate mean score (79.9%), and miners/laborers the lowest mean score
(71.1%). The exercise total score also discriminated significantly (F=17.352,
p#0.0001) between those personswith minerescuetraining (mean = 81.6%) and
those without such training (mean = 73.0%). For the dilemmas presented in
guestions H and K, though, there are no significant differences in the mean
performance scores by job category or by mine rescue training level. This
finding suggests that the issues associated with having to abandon a helpless
miner, or engaging in unsafe rescue attempts of missing workers by using
SCSRs, are clearly problematic decisions for all miners regardless of training
level. Workersin all threejob categories appeared to understand the potentially
lethal consequences of unsafe rescue attempts, but frequently chose unwisely in
the smulation. It should be noted that this also happensin real life, where a
significant proportion of deaths in confined spaces are would-be rescuers of
victims who are usually already dead [Manwaring and Conroy 1990].

We have observed that when minersand accident investigatorsalike discuss
actual escape or rescue attempts, the merits of workers' decisions are nearly al-
ways judged post hoc in relation to the outcome of their actions. If the decision
choiceswere successful, the minersare seen asbrave and wise. If thedecisions
were unsuccessful, and especially if more persons were injured or died, the
workers' actions may be seen as well intentioned but foolish (and perhaps
illegal). Nevertheless, this approach to reviewing the merit of actual decisions
intermsof prior knowledge of the outcomes may be counterproductive, because
it develops a mindset that cannot be effective in the decision-making required
during an actual mine emergency. When these types of decisions are made in
real life, the participants cannot know the outcome of their actions prior to the
action. Knowledge of the outcome cannot bethe basisfor the decision [ Fischoff
1975]. Rather, such decisions must be based on theincompl ete information that
isavailable at the moment, estimates of the feasibility of alternative actionsand
their likelihood of success, and aweighing of the relative risks associated with
each alternative.

Thesimulation discussed in thischapter wasdesigned to provideavicarious
experience that would enable minersto confront the life and death choicesin-
volved in escaping from amine fire. Undoubtedly the vicarious experience of
completing such an exerciseis not sufficient to prepare aminer for such areal-
world experience. However, it is amost certainly better to have studied and
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debated the decisions encountered in such asimulation than to encounter them
for the first time in afield situation. The EMF exercise is not just a "story."
Rather, it is a composite of atype of emergency that too often claims workers
lives. To the extent that such simulations accurately reflect the dilemmas and
decisions encountered in actual fires (and the present one istaken directly from
areal incident), they provide better training for these nonroutine eventsthan the
moretraditional method of teaching factsand escapealgorithms. Likewise, they
are more effective than a post hoc analysis of case studies where the merits of
decisions are judged by knowing their outcomes a priori.

TheEMF exerciseisadual teaching and testing devicethat presentsaseries
of decision tasks embedded in a text or narrative. These types of educational
materials have along research tradition. Skinner [1965], Rothkopf [1966] and
many others independently developed instructional programs consisting of a
series of test items embedded in text. These programs were used to teach and
test knowledge and skillsof military personnel and many other groups. Morere-
cently, simulation problems with embedded test items have been used to teach
and test proficiency among awide range of technical personnel including health
professionals, veterinarians, military and civil aviators, and other groups [Cole
1994]. The EMF exerciseteaches minersthroughimmediatefeedback about the
consequencesand correctness of each decision they make. Theimmediatefeed-
back reinforces correct knowledge and judgments and remediates incorrect de-
cisions. At the same time, the objective nature of the exercise decision alterna-
tives alows a performance score to be recorded and calculated for each in-
dividual. Asdemonstrated earlier, these performance data can betreated astest
scores. Tothe extent that the exerciseisvalid and reliable, performance scores
aggregated acrossgroupsof persons provide useful information about thedegree
to which miners have mastered particular skills and concepts and where more
training is needed.
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AFTERWORD.—THEORETICAL AND PRACTICAL
IMPLICATIONS?

A major reason for the previously mentioned scarcity of systematic know-
ledge about social and behavioral aspects of fireisthat most effortsto minimize
human and economi c | oss havefocused on engineering solutions. Canter [1980]
argued that there is already enough evidence to support the argument that, asfar
as "hardware" solutions are concerned, "such provisions are frequently insuf-
ficient and in many cases inappropriate...human aspects of the causes and de-
velopments of fire must be understood if its disastrous effects are to be min-
imized." Accordingto Canter, what isknown empirically about human response
to fire follows certain general themes that may be used as a base for un-
derstanding the phenomenon theoretically (and which, incidentally, also provide
some insights applicable to mining).

First, theliterature assertsthat the place of human actioninthe causeof fires
must be considered, even when arson is exempted. It islikely that many fires
start astheresult of human error. For instance, accordingtoapreliminary report
released by the Mine Safety and Health Administration [1987], the Wilberg
disaster originated with an el ectricair compressor whose overtemperature saf ety
shutdown switch had been bypassed. At Adelaide, whilethe cause of thefireis
in doubt, a contributing factor isnot. A stopping near the head drive had been
knocked out because float dust was collecting behind it. This allowed
60,000 cfm of air to go acrossthebelt. Accordingto the account of the mine ex-
aminer who discovered the blaze, things got out of hand quickly. At Brownfield,
atrolley motor was left energized and on first point. In addition, a door in the
supply chutewasleft open. Thus, not only did combustion take place, the smoke
was quickly carried into the mine's primary escapeways.

A second theme in the literature deals with the fact that much information-
gathering must take place before an individual comes to understand the nature
of the problem, hisor her role, and the appropriate rulesthat should befollowed
[Canter et al. 1980]. Giventhat afire, at least initsearly stages, isan uncertain
event, it can be seen that alot of time may be lost in defining the situation. On
thenight of the Adelaidefire, the dispatcher, who stated that the mine had "been
getting tons of thosefalse alarms,” engaged in aseries of conversationswith the
dumper underground. Followingthat, he (1) received aphonecall fromtheface
boss on the section contacted by the dumper wanting to know what was going
on, (2) got through to another section and told the person who answered that
therewas afire on the belt and to "get your guysout of there," (3) contacted the
remaining section and "told the man on the phone to get the guystogether," and

*An earlier version of thisdiscussion is contained in: Vaught C, Wiehagen WJ[1991]. Escape from a
mine fire: emergent perspective and workgroup behavior. JAppl Behav Sci 27(4):452-474.
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(4) received a call 5 minutes later from the last section contacted wanting to
know what was going on. Only one worker (the maintenance foreman) at
Brownfield took time to learn where the fire at his mine was located.

Thethird theme involves people's reactions once the situation has been de-
fined. Sime [1980], among others, has offered evidence that the concept of
"panic" does not apply to human behavior in fires. Infact, the reverseis more
nearly true; people continue to carry out their normal roles long after the time
for action has arrived. The severity of conditions at Adelaide was not com-
municated to the minersin such away that they felt obliged to depart from nor-
mal routine—individuals who were operating equipment recounted how they
went through regular shutdown procedures, tramming back fromtheface, going
to the load center to kill the power, retrieving lunch buckets and coats, and
walking to the mantrip. Thissametendency to normalizetheir situation wasre-
ported by workers at the other two sites.

A fourth theme involves what happens once the decision is made to take
action. Best [1977], in hisaccount of the Beverly Hills Supper Club fire, illus-
trated the fact that even when people have entered an escape mode, their
behavior tends to take place within the organizational parameters that existed
prior to the emergency. For instance, waitresses at the restaurant showed their
patrons out of the building. One professional firefighter, who happened to be
dining at the club, allowed the waitress assigned to histable to lead the group to
safety, and then reentered the building to help fight the blaze. At Adelaide, lead-
ership emerged more or less gradually out of an initial state of disorganization.
There was no previous determined gathering point in case of afirelikethisone,
which occurred outby the section. Although an escapeway map was posted on
each section, no one thought to take it—despite the fact that there were miners
onall three sectionswho had not had an opportunity to walk the escapewaysand
hencedid not know theway out. At all threesites, the workers delayed donning
their self-contained self-rescuers an average 10-15 minutes after encountering
smoke—the reason most often given for this delay was "I knew these things
[SCSRs] only last for an hour, and | didn't know how long it would take me to
get out." Yet, no one thought to protect himself or herself in the meantime by
using the filter self-rescuer every miner carries on his or her belt. Individuals
took their mouthpieces out to talk or to get a deeper breath at points where the
smokewas|ess concentrated, despitethefact that there wasno way to determine
how much CO might be in the atmosphere. Miners were disoriented by the
smoke, and on at | east one section, misinterpreted cues and became momentarily
lost.

Thefinal theme concernsthe behavior of people oncethey have reached an
areaof relativesafety. Bryan[1977], inacross-cultural comparison of twolarge
data sets, noted that fully a third of the individuals who made it to safety
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subsequently reentered the fire site to look for others, to check on the progress
of the fire, to "do something" while waiting for firefighters, or to get personal
property. At Adelaide, three individuals went back to search for a miner they
believed to have "frozen up,” but who had actualy left the group and had come
out another way. These three miners placed themselvesin great jeopardy. At
Brownfield, a mechanic put his own safety at risk in order to stay with a co-
worker who had given up and believed himself unableto travel farther. Finaly,
aface bossjeopardized himself in asuccessful attempt to locate these two men.

In essence, there seems to be enough substantive agreement at this point to
suggest that it is possible to arrive at a scientific understanding of people's
activitiesinfire. The present analysisof worker behavior in minefires supports
existing research regarding human responses to structural fires. At the same
time, however, it adds some complementary insights into individual and group
behavior in atype of socia subsystem different from those usually studied. In
these minefires, strong continuities between organized and collective behavior,
hypothesized to exist in all emergencies, induced the workersto help each other
negotiate thousands of yards of smoke-filled entryways to safety, and led them
to define any actions that seemed to violate the sacred code of "buddyhood” as
somehow needing explanation.

Given that escape, for many of these workers, seems to have been avery
problematic group effort, this book can be used to increase an awareness of
some difficulties that may be encountered during any escape from a mine.
Readers should gain an appreciation for the following factors: (1) Initia
warnings are often unclear, sometimes due to the way technology behaves, and
sometimes due to faulty or incomplete communication. This can lead to dif-
ferent interpretations of the problem. (2) People frequently fail to gather the
right kinds of information which prevents them from making appropriate re-
sponses to the situation. (3) Once any decision is made, individuas respond
well to aleader. If leadership islacking, however, people tend to become con-
fused. (4) Apparatus used in mine emergencies, such as page phones and
self-rescuers, may not work as expected, or may fail. (5) Individuals become
disoriented very quickly insmoke. Additionally, smokerises, obscuringmarkers
and landmarks in enclosed spaces.

Giventhesefivefactors, thefoll owing recommendationsareoffered to mine
safety specialists. It isexpected they can be related back to proceduresin place
at their operations:

Trainersshould periodically review with workersthe escape and evacuation
procedures at their mine(s). Include adescription of (1) how warning messages
will be communicated, who will make the call, or how the warning will be con-
veyed; (2) what the content of the message will be; (3) what information to seek
when communicating with someone outby the fire area (location, distance to
fresh air, suggested escapeways, etc.); (4) mine rescue team support; (5) the
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marking system for primary and secondary escapeways, (6) the storage plan for
SCSRs; (7) what equipment, supplies, and material sto takefromthe section; and
(8) the assembly points for workers on each section.

Research on fires in complex structures such as high-rise buildings (some
of which was cited earlier) shows that there is an overdependence on the tele-
phone as an emergency warning device. Such was the case at the mines dis-
cussed in this book—miners at the operation did not routinely answer section
telephones. There are undoubtedly certain aspects of the warning and com-
munications system at any mining operation that are taken for granted and, on
reflection, could be a problem. These attributes should be spelled out and, in-
sofar as possible, made foolproof. For instance, a separate device such as a
flashing strobe could be mounted on or near the telephone to alert workers that
the incoming call is not routine. These features should then be spelled out
during training.

There seemsto be too much dependence on engineering hardware solutions
without aconcomitant understanding of how minerswill usethose systems. For
instance, state-of-the-art mine monitoring equipment may be installed without
providing adequate training to the dispatcher or communications person. In
many cases, a definition of what constitutes adequate training can only be ac-
complished by testing the system; thus, there is a need for emergency simu-
lations and structured fire drills, activities that are not widely practiced in the
industry.

Once adecision is made to take action during afire, people respond well to
leadership. If thisleadership islacking for some reason, they tend to become
confused. On Adelaide's 2 Northwest section the foreman took the lead and a
section utilityman, who wastrained in mine rescue, brought up therear. Every-
onestayedtogether and had relatively littletrouble during their evacuation of the
mine. Safety managers should compare this scenario with those situations on
some of the other sections at al three sites and devel op a strategy allowing for
the most competent person (whether a supervisor or arank-and-file miner with
specialized experience) to assume leadership early in an event.

Asan emergency progresses, peoplewho areless well-prepared tend to ex-
perience sensory overload. This causes them to focus on small parts of the
problem rather than trying to comprehend the entire situation. Thispointisil-
lustrated by the miners' tendency to "save" their SCSRs until the smoke got
heavy, but not protect themselves from CO in the meantime by using their filter
self-rescuers. Miners should be assisted in devel oping a protocol for how they
will employ their emergency breathing apparatus—one that goes beyond the
trainer's rote "put on your SCSR at the first indication of fire or smoke," which
may be good advice but obviously is not heeded in actual situations.

Research onfiresin buildingshasshownthat peoplefrequently reenter afire
site after reaching safety, often to search for someonethey believeisstill inside
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the structure. This observation is borne out here as well. One of the miners
went back with two buddies to look for an individual who left the group.
Trainersshouldimpressupon their workers some of the consequencesof leaving
the group, either to help abuddy, or to escape ontheir own. If groupsareto split
up, it should be according to a previously determined plan of action.

Finally, it is recognized that people become disoriented very quickly in
smoke. Unless one knows the escape route very well, such disorientation could
befatal inaminefire. Itissuggested that safety managersreview their site plan
for conducting firedrills. Thisreview might be an opportunity to elicit renewed
commitment to a company's emergency preparedness program and procedures
for ensuring that miners walk their escapeways periodically. Measures could
thenbeenacted, if needed, to ensurethese plansand proceduresareimplemented
in the manner intended by law.
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APPENDIX A.—DESCRIPTION OF APPROXIMATE ESCAPE
ROUTES TAKEN BY THE GROUPS

Adelaide Mine
1 Right

Thisgroup boarded the rail-mounted mantrip and started to come out of the
mine. They traveled nearly 0.7 miles before encountering smoke. At this point
the crew stopped the mantrip, got out, and began walking off in various direc-
tions. The foreman and another miner got the crew back together. After re-
assembling, the crew decided to go to the intake escapeway and walk the rest of
the way out of the mine. After getting into the intake escapeway, the crew
travel ed about 500 ft on foot before encountering smokein thisescapeway. The
crew then moved into the left-side return entry where they confronted smoke
again. After putting on their rescue breathing apparatus, group 1 continued for
about 0.3 milesbefore turning right. After turning right, this crew continued to
move through the smoke-filled return entry for another 0.8 miles before finally
getting past the location of the fire and reaching clear air.

2 Northwest

This group boarded the rail mounted mantrip and started to come out of the
mine. The crew traveled about 0.1 miles in the mantrip before encountering
smoke. At this point, the crew stopped the mantrip, got out, and decided to
moveto theintake escapeway and continueto egressthemineonfoot. Thecrew
traveled about 0.1 miles on foot in the intake escapeway before encountering
smoke. Upon being confronted with smoke, the crew moved to the right return
entry to continue their escape. After traveling several hundred feet more in the
return entry, this group encountered smoke again. At this point, the group put
on their rescue breathing apparatus and continued their escape, traveling about
0.4 miles in the return before turning right. After turning right, the group
traveled another 0.2 miles in the smoke-filled return entry. At this point, the
group became disoriented in the smoke and began to go thewrong way by walk-
ing back toward the working section. The group traveled about 200 ft in the
wrong direction before aminer in the group realized that they were going back
into the mine. At this point, the group turned around, and continued to egress
themine, traveling an additional 0.4 miles before passing thelocation of thefire
and reaching clear air.
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3 Left

Thisgroup boarded the rail-mounted mantrip and started to come out of the
mine. The crew traveled about 0.1 miles in the mantrip before encountering
smoke. At thispoint, the crew stopped the mantrip and decided to go back to the
section. The crew rode the mantrip back to the section, got off the mantrip,
proceed to the intake escapeway, and began walking out. This group walked
about 500 ft before encountering smokein theintake escapeway. Thecrew then
moved into the right-side return entry and continued to proceed out of the mine.
After moving into thereturn entry, this group walked several hundred feet more
before running into smoke in the return. At this point, the miners put on their
rescue breathing apparatus and then continued on foot about 1 mile through
smoke before passing the location of the fire and reaching clear air.

Brownfield Mine
4 South

Theforeman and mechanic with thisgroup noticed smoke coming up thein-
take escapeway. This crew assembled at the section power center. This group
elected not to follow the intake escapeway since it was already filled with
smoke. Similarly, the miners chose to avoid the aternate escapeway in the re-
turn aircourse since they knew that it would be filled with smoke. The crew
decided to escape via the mine entry in which the conveyor haulage belt was
located, since they believed that this entry should have clear air. This group
walked the belt entry for about 600 ft when they encountered smoke. Group 4
traveled for about 0.4 milesin heavy smoketo the point where the conveyor belt
entry intersected with the main supply haulage track. Here, the group turned
right and moved into the haulage entry and followed the main haulage entry for
about 0.1 miles until they were past the fire location and in clear air.

5 South

Thisgroup assembled at therescue breathing apparatus storage stationinthe
No. 1 intake entry. The group traveled on foot several hundred feet and, after
being confronted with heavy smoke, moved into the belt conveyor entry where
the smokewaslighter. Thisgroup traveled about 400 ft on foot in the belt entry
until they hit heavy smoke again. At this point, the group moved into the al-
ternate escapeway entry and proceeded to travel the section and main return
aircourse through smoke for about 0.25 miles before passing the fire location
and reaching clear air.
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6 West

These miners assembled at the beginning of the intake escapeway on the
working section. After putting on their rescue breathing apparatus, this group
traveled onfoot for about 700 ft intheintake escapeway beforebeing confronted
with heavy smoke. At this point, the group moved to the aternate escapeway
where the smoke was lighter. After moving to the alternate escapeway, the
group continued totravel onfoot for about 0.25 milesbefore passing thelocation
of the fire and reaching clear air.

Cokedale Mine
7 Butt

Because the primary escapeway was filled with smoke, this group decided
to follow the alternate escapeway out of the section. These miners got into the
alternate escapeway in the left return aircourse of the section and traveled this
escapeway on foot for about 0.3 miles. The crew then made a right turn and
followed the escapeway for another 0.25 miles. At this point, the group turned
left and continued on foot for about 1 mile before reaching fresh air.

8 Face Parallels

These miners gathered at the beginning of the primary escapeway and pro-
ceeded to travel this escapeway on foot about 0.3 miles before being confronted
with heavy smoke. Upon hitting heavy smoke, the crew turned around and fol -
lowed the primary escapeway back to the section. After returningto the section,
the group then got in the section's left return aircourse. The group followed the
left return aircourse for about 0.2 miles before realizing that they werenot in a
designated escapeway. The group turned around and followed this aircourse
back to the section. At this point, the group crossed the section and made their
way into the right return airway (the designated alternate escapeway) and
followed it for 0.1 miles before turning left. After turning left, the group con-
tinued onfoot through the alternate escapeway for about 0.2 milesbeforeturning
right. After turning right, the group continued on foot for another 0.3 miles
before turning left into the main alternate escapeway. After turning into the
main alternate escapeway, the crew continued for about 1 mile before reaching
Clear air.
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APPENDIX B.—MINE FIRE INTERVIEW GUIDE

Where were you when you first became aware that there might be a
problem in the mine, and how did you learn of it?

e Whotold you?

*  What were you doing? Did you finish?

*  What were your feelings at this time?

» Did you think that there might be a problem in getting out of the
mine?

* Did you communicate with anyone? With whom?

What did you do after making sure that there was a problem?

*  Walk with anyone? Where?

» Didyougoanywhereto get anything after you left your equipment?
» Didyou pick up anything on the section?

» Didyou talk with anyone? About what?

Was there a point where the crew assembled?

*  Where was the assembly point?

* Wasthisadesignated point? Were you trained to go to it?

*  What was the conversation about when you met up with the whole
crew?

» Does anything about the conversation stand out?

* How would you describe the feeling within the crew?

» Didyou or anyone have any concerns about getting out?

* Wasthere any sign of smoke at this point?

When did you first encounter smoke?

*  What was the crew's reaction?

» Did someone take charge?

*  What was being said at thistime?

* Wasthere any confusion or indecision?

*  What were your thoughts at this point?

How was the plan of action to escape decided on?

« Did the crew meet to decide the course of action?
» Did anyone distribute assignments?
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Was there general agreement about what to do? Who disagreed?
How was that handled?

What was the feeling within the crew?

Would the crew have walked out the intake without donning their
SCSRsif it were smoke-free?

How did you begin to go out?

How much time passed between starting out and donning the
SCSR?

How would you describe that period of time?

Did you at any time feel that this was a life-threatening situation?

What was it like when you first began to don your SCSR?

Who made the decision to don?

What were the conditions? Could you see?
Did anyone take a CO reading?

Did you check the apparatus?

Did you get more than one?

What part did you SCSR training play when you began donning the
apparatus?

Which of the devices have you been trained on?

What position were you in?

Can you show us the steps you used to get the SCSR on?

Did you have any problems? Did you see anyone else having
problems?

Did anyone help you? Did you help anyone?

Did you have confidence that the SCSR would work correctly?
Did anyone experience any problems once the device was on?
What were they?

How long did it take everyone to get ready to move out?

How did you go about actually escaping from the mine?

Who made the decision?

Did you escape alone or in agroup?

How was the escape route chosen and followed?

Were markers visible?

Were there communications along the way? What wasiit like?
Were there problem, especially with the SCSR?

Were you aware of any risks in taking out your mouthpiece?



10.

» Did anyone advise you not to remove the mouthpiece?
* How many times did you or the crew stop to rest or talk?
» Didyou get rid of anything along the way?

At what points were there strategic decisions in making your escape?

*  What were the conditions?

* How was decision made? Who madeit?

* Wasthere any disagreement or confusion?
» Didyou feel other crewswerein trouble?
*  Where did you think the fire was?

Thinking back, what would have made your escape less complicated?
*  Would you have done anything differently?
*  Would you have taken anything else with you?

*  Probe about walking the escapeways.
*  Probe about SCSR donning.
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