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
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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.
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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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