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1. INTRODUCTION

1.1 Regulations

Section 57.15-30, 30 CFR 57, requires that a 1-hr self-
rescue device must be made available by mine operators to all”
\s_»w_neL_ These devices are jointly appMMﬁ’
“and Health Administration (MSHA) and by the National Institute
' for Occupational Safety and Health (NIOSH). Most, if not all,
of the devices used are Filter Self-Rescuers (FSRs) approved
under Subpart I of Part 11, 30 CFR.

Coal miners also must have l-hr self-rescue devices (30 CFR
75.1714). Theirs, however, must be Self-Contained Self-Rescuers
(SCSRs), also called oxygen self-rescuers, approved under Sub-
part H of Part 1ll. SCSRs provide a closed-circuit source of
oxygen rather than filter carbon monoxide (CO) from the air in
the mine. Thus, they protect coal miners from an oxygen-
deficient atmosphere and from toxic products in addition to CO.

Guldellnes for 1mplementat10n of Section 75.1714 are given
in two Memoranda of MSHA, in Appendix C of this report.

1.2 8Status of SCSR Technology

This study and the findings therefrom are based in part on
SCSR technology, knowledge and experience as it existed in the
Spring of 1982.

Five models of approved l-hr SCSRs are commercially avail-
able. Two use a chemical, potassium superoxide (KOj), to produce
1 oxygen and reduce CO, concentrations. The other three provide
1 oxygen from a bottle and have a COp scrubber. Four of the five
f units are similar in outward appearance: They have a size,
| configuration and weight not too unlike a l-gal bottle of milk.

' Two belt-worn, 10-min models have been approved but are not

commercially available. More details on all mcdels of SCSRs are .
given in Appendix D. S

Several studies of SCSRs have already been conducted, as
described in the following paragraphs:

Recommended Guidelines for Oxygewn Self-Rescuers - Volume T,
‘ Underground Coal Mining (1) provide recommendations to assist
] coal miners, operators and MSHA in interpreting and implementing
‘ the regulations which require SCSRs in coal mines. The primary
emphasis was on the planning and implementation of storage plans.
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Recommended Guidelines for Omxygen Self-Rescuers - Volume IT,
Appendices (2} contained technical data and documentation to
supplement the recommendations in Volume T. Among the topics
were reports of interviews with coal mining representatives,
analysis of post-1972 coal mine fires and explosions, and analy-
ses of SCSR maintenance and training.

Recommended Guidelines for Oxygen Self-Rescuers - Volume III,
Coal Mine Escape Speed Studies (3) reported on how fast a miner
could escape from underground coal workings. Data were also
obtained on the oxyvgen consumption of miners and the life of
chemical SCSRs used in escaping.

Evaluation of the Safety of One-Hour (Chemical Self-Rescuers
(4) reported on an investigation into the fire hazards associated
with the use of chemical oxygen self-rescuers. It was found that
the chance of a fire being caused by a chemical oxygen self-rescuer
was finite but exceedingly small and that this risk did not out-
weigh the benefits of having chemical SCSRs available to the coal
mining population. ‘ ' '

Laboratory Testing of Chemical Oxygen Self-Rescuers for
Ruggedness and Reliability (5) contained the results of chemical-
‘oxygen SCSR laboratory testing designed to simulate underground
environmental conditions. Chemical-oxygen SCSRs subjected to
the testing were found to have no significant degradation in
performance in either the man test or breathing machine tests.

" “Evaluation dfwgéi}:gbntainéd-Ser—Rescuer (g)_EBhtéiﬁéa
| several major conclusions:

a. Although coal miners could comply with the requirement
to wear, carry or be within 25 ft of a SCSR, storage
plans should and will be the rule in order to minimize
the nuisance and mobility restrictions caused by the
size and weight of the present SCSR. '

b. Coal miners prefer the additional protection afforded
% by a SCSR.
| c. Chemical SCSRs are safe and reliable (compressed oxygen

units had not been tested at this time)

d. Future effort should be directed towards improving the
wearability, decreasing size and weight, and a con-
tinuing USBM/MSHA/NIOSH long-term program to evaluate
SCSRs already placed in service.
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1.3 Basis of Findings

The findings given in Section 2 are based on the information,
experience and judgment gained from the following sources in ad-
dition to that derived from the studies previously cited:

a. lDlscuSSJ.ons with managers an§¥ggy pe;EQEgg;_ég_ggg SlX
' MSHA Metal and. Nonmetal Safety and Health Districts.
These are included in Appendix B.

b. Detailed discussions w1th almost 200 miners and persons
representing metal and nonmetal miners and mine oper-
ators. These are included in Appendix B.

C. Examination of how SCSRs might be used in 17 operating
mines. These are also included in Appendix B.

d. Analysis of the 102 reported accidents involving poten-
tially irrespirable .atmospheres in metal and nonmetal
mines during the years 1976 through 1980, plus ten
major accidents from prior years. These are detailed
in Appendix A, .
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2. FPFINDINGS

2.1 Need for SCSRs

The need for SCSRs in coal mines, and the best methods for
satisfying that need, have been well documented in the references
cited in the previous section. Our study of the need for SCSRs
in noncoal minesg resulted in finding of some key differences
between coal and noncoal, both in terms of the need for SCSRs

and how that need should be satisfied:

Greatest need for SCSRs

Implementation

Coal:

Nonecoal:

The accident history in coal shows many instances
in which FSRs were inadequate, either because of
low Oy or high CO.  SCSRs were therefore required.

In general, SCSRs show a clear advantage over
FSRs in accidents involving poorly ventilated
workings. In these instances, however, SCSRs
would have to be immediately available.

Methods

Coal:

Nonecoal:

Firves

Coal:

Nonecoal:

Where SCSRs would.be required in an accident,
there is usually sufficient time for a miner to
travel to a storage location where an SCSR can
be picked up and donned. In Volume I of this
report, "Sufficient time" was defined as 5 min.

In accidents where SCSRs might have saved lives,
SCSRs would have to be donned at the first sign
of danger, perhaps even before the miner's aware-
ness that danger exists. This requires wearing
or carrying an SCSR.

Coal mine fires have often produced atmospheres
with low O; or high CO which render FSRs
inadequate.

Fires in noncoal mines have been found to produce
atmospheres in which FSRs would be sufficient pro-
tection for escape, provided that escape procedures
are implemented promptly.
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Implementation Methods

Coal: Discussed previously. Most desirable storage
location for section workers is the mouth of the
. intake escapeway.

Noneoal: There are often instances in which a fire may be
suspected but not yet discovered. Those miners
searching for a fire - or any other source of
an irrespirable atmosphere - might improve their
level of protection by carrying an SCSR in the
event that escape becomes necessary.

Addequacy of SCSE

The 1-hr duration of SCS5Rs might be much more or considerably
less than needed in noncoal mines. Miners are or should be within
30 min of safety. If access to a safe area is prevented, they
often will need many hours of oxygen. Observations in all of
the deep-shaft, multi-level mines wvisited in this and in prior
studies indicated miners should have little difficulty using FSRs
in reaching shaft stations in fewer than 30 min. In room-and-
pillar operations and drifts they could walk to fresh air in
fewer than 30 min, often 10 to 15 min. Section 57.11-50,

30 CFR 57, requires among other things, "In addition to separate
escapeways, a method of refuge shall be provided for every em-
ployee who cannot reach the surface from his working place...
within...one hour... . These refuges shall be positioned so
that the employee can reach one of them within 30 min from the
time he leaves his working place."

2.2 Recommendations

Recommendation No. 1

Where SCSRs may be required, every effort shoﬁld be made

. to utilize storage plans rather than wear and carry. The sole

| -exception to this recommendation is in Recommendation No. 2.

Recommendation No. 2
Where SCSRs may be require& for protection from atmosphereé

iin poorly ventilated workings, SCSRs should be worn, carried, or
‘kept within 25 ft. Storage plans should not be allowed.

Y
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Recommendation No. 3

Where SCSRs may be required for protection from atmospheres

in fires, storage plans should be allowed. FSRs should continue
to be worn.

Recommendation No. 4

Shaft stations (provided that doors are installed), communi-
cation stations, and refuge chambers are good storage locations.
Pumps stations, shops, electrical installations, and powered
equipment are bad locations.

Recommendation No. &

Some metal and nonmetal miners have a greater need for
access to SCSRs. This category: includes the following:

a. Mantrip. operators and cagers

b. Supervisors

c. Miners attempting to locate a fire

d. Miners working downwind of a potentially irrespirable
atmosphere

e. Miners who may be exposed to salt dust-filled air.

Recommendation No. 6

Some metal and. nonmetal mines require daily mantrips in-
volving changes in elevations of up to 6000 £t and temperature
differentials of up to 150°F. Underground storage should be
preferred to daily transportation of SCSRs on such mantrips.
Storage should be provided in locations where temperatures are
above 23°F and below 100°F.

Recommendation No. 7

A rigorous training program should accompany any introduction
of SCSRs. The traditional emphasis on how to operate the unit
should be maintained, but increased emphasis must be placed on
recognizing danger signals and deciding when to don a SCSR.
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2.3 Discussion

Hecommendation No. 1

The experience in coal mining has been that SCSR usage
would, should, and has primarily been implemented through
storage plans rather than wear or carry. This is documented ‘
in Volume I and II of this report (1, 2) and in an MSHA evalua-
tion (6). Metal and nonmetal mining will often involve even
more restricted spaces and difficulty in travellng - such as
up raises, ladderways, and through 24 in, x 24 in., openings in
platforms. Thus, storage plans might be even more necessary
in noncoal than in coal mines.

Although storage plans might be the rule, the only hazards
in which SCSRs might have saved lives in the past would have
reguired immediate use of an SCSR, as discussed in the next
paragraph,

Recommendation No. 2

The accident hlstory analyzed and dlscussed in Appendix A o

taught that the one appllcatlon in which SCSRs offered a clear
advantage over FSRs was in hazardous atmospheres caused by
poorly ventilated workings, or the unplanned rapid release of
gases (subsections A.3 and A.4). In these instances, however,
the SCSR would have had to be immediately available, perhaps
even before the miner was aware of the need. This reguirement
for immediate availability was confirmed by many of the miners
and mining industry representatives interviewed during this
program (subsection B.3, Appendix B).

Recommendation No. 3

Qur analysis of previous fires in metal and nonmetal mines
and calculations of the products of combustion in actual and
hypothetical fire situations (subsection A.6, Appendix A) show
that miners should have sufficient time to reach a stored SCSR
were it required. Furthermore, the belt-worn FSR should provide
adequate protection prior to reaching an SCSR, even if the miner
must travel through products of combustion. (The bigger problem
is training the miners to don FSRs - see subsection 2.4).
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Recommendation No. 4

The majority of the fires which were analyzed occurred
on or around mobile or electrical equipment. Typically, the
fire extinguisher on the equipment could not be used, being
inaccessible because it was in the fire area, It is reasonable
to assume that machine-stored SCSRs would be equally inaccessible
in the event of fire.

On the other hand, a communications station is an excellent
storage location because a miner can report a fire or suspicion
of fire and obtain a SCSR at the same time.

Recommendation No. b

After the Sunshine dlsaster, an 8-hr supply of air or oxygen

for hoistmen was made mandatory. Several mine safety departments
which we interviewed expressed interest in supplying their hoist-
men with a l-hr portable supply so that they could exit the mine
after the last man was hoisted. The major requirement was that
the hoistman should be able to "unplug" his hose from the fixed
8-hr supply and plug into a portable. supply. Although currently
available SCSRs would not provide this "plug in" capability, =
they would at least provide the hoistman with a self-contained
alr source to permit leaving the mine.

‘Accident history shows that there are several categories of
workers other than hoistmen who may be among the last to leave
a mine in the event of fire. Included in this grouping would be
cagers and supervisors.

Another category of worker who may be exposed to greater
than normal risk are those persons responsible for locating a
fire., Although persons . in those two groups may not encounter

- OXygen- ~deficient air, they might De exposed to dangerous levels

|
]
|

J_use of an SCSR should ‘increase thelr confldence

of CO (high concentrations and/or prolonged exposure) and the

SCSRs alsc could be considered for persons working downwind
of a potentially 1rresp1rable hazard. Subsection A.6 of Ap-
pendix A describes: proce&ures to calculate the oxygen and CO
percentages . in the air from a fire. These procedures could be
used to determine the possible need for SCSRs downwind of a diesel
fuel storage, a wood-lined drift, and a raise, to mention some
examples.

]
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A final category in which SCSRs might be considered is in
mines where there is a potentlal for accidents involving salt
dust-filled air. As explained in subsection|A.4.1, prior_
experience has shown that salt dust concentrations can be enough
to actually clog filter-type respirators similar to FSRs.

Recommendation No. €

In general, carrying SCSRs on mantrips should not be en-
couraged, for the same reasons which were discussed for coal
mining in Volumes I and II of. this report. In addition, metal
and nonmetal mines mantrips tend to be more crowded and exposed
than do coal mantrips, making storage or carrying more difficult.
In addition, . some metal and nonmetal mantrips dinvolve extreme
changes in elevation and temperature which in the past have been
detrimental to FSRs (subsection B.2, Appendix B).

Recommendation No. 7

As discussed further in Section 3, the accident analysis of
Appendix A shows an astonishing number of miners who did not don
their belt-worn FSRs when faced with the danger of a hazardous
atmosphere. There is no reason to believe that this trend would
be improved when a bigger, more complicated, more expensive
self-rescuer 1is introduced. Thus, there will be an extreme need
to train miners not just in how to use a SCSR, but when.

2.4 Other Factors

' Some practices in metal and nonmetal mines have the poten-
tial for increasing the chance of. exposing miners to irrespirable
atmospheres. Many miners believe the risk for such atmospheres
is low in metal and nonmetal mines as compared to coal. They
cite the noncombustibility .of most metal and nonmetal mine strata;
and, the fact that almost all coal mines liberate methane and
coals are generally capable of igniting, propagating flame and
liberating toxic and volatile products. Also cited are the more
than 500 major disasters recorded in coal mines as compared to
104 in metal and nonmetal mines since the 1860's..

It is difficult to use past data to evaluate risks; accidents
in metal and nonmetal mines prior to 1966 were not reqguired to be

reported.. Data for the period 1976 through 1980, given in Table 1,
indicate a higher incidence of fires and explosions in metal and’
nonmetal mines than in coal. There has been a major reduction in
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TABLE"I: - Flres and explosions in underground mines,
- from 1976 to 1980

‘Fires| Expiosions |
1 . ] Injuries o .1 Injuries - Average
numbexr
Non- Non- of .

—

Accidents | Fatal | fatal | Accidents | Fatal | fatal giﬁéﬁfs' mlnes*

Coal 41 1 65 4 32 3 1071 | 2289
Metal/ 66 0 28 2 5 6 281 745
nonmetal ' T

*The number of operatlng mines varies:.from year to year. This figure’

. represents the average number of mines operating on any given day during
the 5-year survey period. :

Spurce: -References AB9 to Al20, Appendix A.

coal mine fires, an average of 8 per year from 1976 through 1980
as compared to typically more than 50 a year prior to 1970.

Major exp1051dﬁ‘ffequency in coal mines has not changed much,

4 in the 5-year périod 1976 to 1980 as compared to 22 in the
preceding 25 years. The decrease in coal-mine fires is attri-
buted, by the Subcommittee on Underground Coal Mining of the
National Fire Protection Assoclation's Committee on Mining
Facilities, to the technical, operational and legal changes, .
particularly in electrical systems, that have occurred 31nce 1969.

One deficiency that could have serious repercussions. is the |
failure of metal/nonmetal miners to use FSRs during evacuation.
During the period 1976 through 1980, only 19 of more than 400
miners escaping through smoke put on FSRs; none of the many
thousands of other miners evacuating put on FSRs. This is not
necessarily typical; in the Lakeshore Mine fire (1973) all of
the miners except the two who were trapped donned FSRs, were
hoisted in the smoke-filled exhaust air, and came through w1th—
out injury. That is a classic example of FSR adequacy and
effectiveness when miners are properly trained and use their FSRs,
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Another serious deficiency was .delay in evacuating miners
followingiawareness of smoke. In 22 of the 48 fires synopsized
in Appendix A, orders for evacuation were delayed for 20 to 120
min after smoke or fire was encountered. Causes for delay
included:

a. Waiting for permission from senior officials who
were either on the surface or away from the mine

b. Miners and supervisors searching for the source of
the smoke

C. Fighting the fire, before reporting it.

The latter cause could have an adverse impact on successful
escape should miners depend on SCSRs.. In general, miners will
stay and attempt to extinguish a fire rather than escape. Some-
times they will be successful and sometimes not. This attitude
of combativeness in the face of adversity is a characteristic

of miners. A danger could exist in this trait should the miner
be given an oxygen source and told it will protect him against
all atmospheres. This could increase his likelihood to stay and
fight a fire, regardless of its magnitude, rather than escape.
While his exertions deplete his oxygen .source, the fire-produced
atmosphere is extending farther and farther. Should the miner
then be forced to flee; he may not have sufficient oxygen.

Some other deficiencies observed in mines and in reports
of accidents that need attention were:

a. Uncontrolled airflows through abandoned workings con-
taining large quantities of wood and/or sulfide-
bearing waste

b. Ventilation systems either being inadequately designed
or maintained for rapid evacuation and positive escape

C. Communications not being readily accessible. In one
mine, stope miners, motormen, mechanics, electricians,
geologists, engineers, hoistmen, and supervisors had
pagers that worked; mine management considered these
to be cost-effective for production as well as safety.
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APPENDIX A \

THE POTENTIAL FOR UNSAFE AIR IN UNDERGROUND
METAL AND NONMETAL MINES

Appendix contains an analysis and evaluation of acci-

dents which created unsafe air in underground metal and nonmetal
mines during the 5-year period 1976 through 1980. Ten prior-
occurring accidents were also studied because of their special
relevance to the subject of mine evacuation and the potential
use of SCSRs.

This

A.l
A.2
A.3
A4
A.5
A.G
A7
A.8
A.9

Appendix is divided into the following subsections:

Summary and Conclusions

Background

Hazards Due to Poorly Ventiiated Workings
Hazards Due to Unplanned Rapid Release of Gases
Hazards Due to Ignitions and Explosions

Hazards Due to Fires

Reports on Individual Mine Accidents

References

Index of Mine Accidents.

A.l1 Summary and Conclusions

Table A~1 presents injury statistics which are relevant to
unsafe air for the 5 year period 1976 through 1980. A study of
the accident reports from that 5 year period produced in part
the following facts:

a.

b.

_There were 102 reported accidents involving more than

:éﬁop miners. Of those, 80 were injured, eight fatally.|

'The Incidence Rate for those 102 accidents was less
than 0.06.%

Fires were the most freguent cause for exposure to
air that could become unsafe to breathe. The chance
was greater for fire to occur in a metal or nonmetal
mine than in a coal mine.

*Incidence

Rate is a term defined in 30 CFR 50.1 See Takle aA-1.
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TABLE A-1. - Injuries from fire, explosion, ignition and
breathing other unsafe air in underground
metal/nonmetal mines, 1976-1980

Calendar year: 1976 1977 1978 1979 1980 Total
Mines ' 739 733 673 679 899

Miners 28,214 | 28,516 (27,661 29,000 |38,430

Million manhours 52 53 52 55 68 280
Total injuries 3,079 4,023 4,631 5,163 4,868 21,7642

Number of accidents

Fire (F) 7 18 20 11 . 10 66
Explosion/Ignition (EI) 1 1 2 3 0 7
-Other Unsafe Air (0} 4 10 2 9 4 29
Total F, EI, O 12 29 24 23 14 102

Number of injuries

Fire (F) 0 16 2 1 9 28—

Explosion/Ignitions (EI) 2 4 0 11 0 170

Other Unsafe Air (0} 5 14 0 9 7 3597

Total F, EI, O 7 34 2 21 16 80

Incidence rated

All injuries 11.8 15.2 17.8 18.8 14.3 i5.6

F, EI, © 0.03 0.13 0.01 0.08 0.05 0.06
Use of filter self-rescuers

Properly used 4 2 0 0 & 10

Inmproperly used ~ 0 8 1 0 0 9

Failed to protect 0 0 0 0 0 0

"a - Ineludes 159 fatalities
b - Includes 5 fatalities

¢ - Includes 3 fatalities

SOURCE: _References A89-A120.

d - Incidence rate = (total injuries) X 200,000/hr of employee exposure
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d. Refuge chambers were used by 27 miners in one accident,
a fire.

e, FSRs were used by 19 miners in 6 accidents.

£. At least 400 miners left their FSRs on their belts while

escaping through smoke.

q. The chance for an explosion occurring in an underground
metal or nonmetal mine was similar to that in an under-
ground coal mine.

The following conclusions were drawn from a study of these
102 accidents:

a. Of the eight fatalities, 5 died in an explosion and would
not have been saved with SCSRs. The three other
fatalities, caused by poorly ventilated workings, would
have been saved with SCSRs and possibly with FSRs.

b. To save the three lives mentioned in (a), the self-
rescue devices, whether they be FSRs or SCSRs, would
have to be activated and used from the miner's first
awareness of the need to escape. This would have re-
quired that the miners have immediate awareness of danger
and be able to don and activate a self-rescuer before
being overcome, which could be a matter of seconds.

c. Proper use of FSRs would prevent as many injuries as
proper use of SCSRs.

To gain further information on possible applications for SCSRs,

10 major accidents from years before 1976 were also studied. The
following conclusions are based on our study of the aforementioned
102 reported accidents plus the 10 accidents from prior years:

a. iThew;tYPical" fire in a metal/nonmetal mine produces CO |
T and 0, levels such that a filter self-rescuer affords

the miner adequate protection.?*

b. If SCSRs were required for escape from a fire, there
would be adequate time to acquire them from storage
locations.

*This discovery was swprising because it differed from our analysis of coal
mine accidents, in which there were several instances in which fires produced
atmospheres with CO so high or 0, so low that FSRs might have proved inadequate.
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| Because most fires involve eguipment, SCSRs should not
—7 be stored on or near mining machinery and equipment,

The one application where SCSRs offer greater pro-
tection than FSRs is in hazardous atmospheres due to
poorly ventilated workings.

To offer protection greater than an FSR in a poorly
ventilated area, an SCSR would have to be worn or
carried and donned at the beginning of danger.

Other factors were also discovered in the 112 accidents -
factors, other than SCSRs, which can have a major 1mpact on the
‘protectlon of miner's in accidents involving unsafe air:

d.

b.

C,

d.
e.
£.

g.

Had conditions worsened, up to 850 miners might have :
needed some auxiliary source of oxygen. If this source
were SCSRs, 700 miners would have needed them imme-
diately for periods from 10 min to many hours.

Causes for worsening of conditions did exist including
such factors as delays in evacuation, uncontrolled
ventilation, and firefighting by inadequately trained
persons.

Escape must begin scon after danger develops. Each
minute 0of delay allows heat and flame to attack more
fuel, produce more CO and smoke, and consume more
oxygen.

Escape plans should be designed to work in all fore-
seeable emergencies.

A readily accessible communications system is an abso-

R S ST ———— Ty
i

" lute necessity both to initiate evacuation, and to

alert miners of danger quickly.

Mconitoring and testlng the atmosphere in. and from
abandoned areas is an important safety measure.

The potential for development of an irrespirable atmos-
phere in the event of fire can be predetermined.
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A.2 Background

Miners in metal and nonmetal mines have FSRs available.
FSRs, however, cannot protect them from atmospheres containing
hydrogen sulfide (0.04 percent), sulfur dioxide (0.03 percent),
carbon monoxide (1.5 percent), carbon dioxide (3.5 percent), or
low oxygen (less than 13 percent). Therefore, mine accidents
producing unsafe air were studied to investigate factors such as
the following:

a. Lives which could have been saved, and injuries which
could have been prevented, by proper use of self-
rescuers - both filter self-rescuers (FSRs) and self-
contained self-rescuers (SCSRs).

b. Occasions when miners have needed an auxiliary source
of oxygen, whether that source had to be immediately
available or could be some distance away, and how long
a miner might need to depend on that source.

c. Other factors, besides self-rescuers, which either
added to, or subtracted from, the miners' level of
protection in accidents involving unsafe air.

The period of study was the most recent 5 years for which
data was available, 1976 through 1980. During most of those
yvears, mines should have been in compliance with regulations
promulgated in accordance with P.L. 91-173 as amended by P.L.
95~164 (Federal Mine Safety and Health Act of 1977). During
this 5 year period a total of 102 accidents were reported to
MSHA. We define "accident" as follows:

a. One or more miners either were or conceivably could
have been exposed to an atmosphere that might have
been unsafe to breathe normally.

"~ b. That atmosphere was from a fire, ignition, explosion
or other cause.

c. Other causes include atmospheres in or from old
workings and unplanned release of gases. They do not
i include mine-air contamination resulting from: use of

_explesives;:malfunctioningodfidhternalocombusidon: englnes,f%‘

welding>and cutting-torch fumes; and, planned drilling

into pockets of gas to relieve pressure on the back (roof,
top, ceiling). Nor do they include injuries resulting '
from an in-rush of water, drowning or being drawn into or
covered by loose material. Protection from each of these
accident categorles does not include dependence on escap-- -

1-1ng Wlth an aux1llary source of bxygen.‘\

S
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- Fifty- -one of these 102 accidents are descrlbed 1nd1v1dually

'ﬁln subsection A.7 of this Appendlx. _The other 51 were not inves-
‘tigated by MSHA. | ' I

In addltlon £o the above- méntioned accidents, Table A-2

lists 10 accidents which were also studied and included in subé
‘section A.7 because they contained 1nformatlon and lessons '
ilmportant to this: study.g : :

Specific attention is called to the fire of 2 May 1972 in a

the Sunshine Mine. That fire frequency referred to when self-
rescue devices are discussed; therefore, its synop51s in sub- *',
'section A.7 includes pertinent statements..from. dep031tlons and’’
fother sworn testlmony of 52 of the 82 survivors. .-

1.

o [ s S iy s W ez o _m-‘m..sm iy el

Unsafe air can con51st of dlfferent components and be caused -
by different factors. We found that the major lessons learned
from study of the' a001dent reports could ‘be convenlently cla331-

fied into four areas:

a. Hazards due to poorly‘ventilated workings

b. Hazards due to unplanned rapid release of gases

c. Hazards due to ignitions and explosions

d. Hazards due tc fires.

TABLE A-2. - Ten significant accidentsioccurring
' prior to 1976

Mine Date Killed Injured Probable cause
Homestake 5/9/75 0] o] Fire in abandoned area
Magma No. 9 3/22/73 0 o Fire in shaft
Sunshine 5/2/72 91 40 Fire in abandoned area
Star 1/20/71 2 0 Fire in active workings
Dead Horse 5/20/71 0 2 Methane ignition
Belle Isle - 3/5/68 0 | R T O Fire-at shaft-bottem
Climax 7/8/64 1 4 Fire and explosion
Cane Creek 8/27/63 18 2 Gas explosion
Cane Creek 7/31/63 0 4 Gas explosion
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The next four subsections, A.3 to A.6, discuss each of
these four areas individually and include a list of relevant
accidents, all of which are individually discussed in sub-
section A.7.

A.3 Poorly Ventilated Workings, (A-1, A-2)%*

_ Poorly wventilated areas of mines can become reservoirs for
toxic and flammable atmospheres. Such atmospheres could entrap
persons who enter or mine into them. They also could endanger
persons in adjoining active workings should gases flow out
through fissures, passageways and other uncontrolled ventilation
paths,

0l1d workings are potential bad-air reservoirs when they
offer natural shelters from air flow yet contain sufficient
oxygen to support other activities including:

a, Chemical and bacterial breakdown of timber, consuming
Oo and generating heat and oxides of carbon (CO and
CO,)

b. Chemical reactions between carbonate rocks and water,

producing the CO, that depletes O,
c. Chemical reactions between sulfides, air, and moisture,
consuming 0, and generating heat, CO and 50,

d. Leaching of sulfides, forming H,S5 and sometimes S50,;
these highly soluble gases coulé originate on .the
surface where rain, snow and coursing streams leach
outcrops and waste piles; should the gas-bearing
water seep into abandoned areas, stagnant pools, if
disturbed, can release these highly toxic gases

e. Formation of flammable gas-air bodies, hydrogen and
hydrocarbons may have evolved from carbonaceous and
organic matter in the area or may have flowed con-
siderable distances through fractures, faults and
fissures opened by the redistribution of stresses. .

In addition to these hazards, fires can often begin and
propagate undetected in poorly ventilated workings. This problem
is considered separately in subsection A.6.

*Underscored numbers in parentheses refer toithe references listed in i
~subsection A.8. o : S S
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A.3.1: -Potential Impact.of' Self-Rescuers

Table A-3 lists three accidents which involved hazardous
atmospheres. .caused by .poorly . ventilated workings:

The following conclusions canfbe drawn from Table A-3:

a. Proper use of FSR could have saved one life and pos-
Slbly two other lives, and also could have prevented
one injury.

b. Proper use of SCSRs could have saved three lives and
three 1njur1es. :

c. In cases of asphyxiation .and suffocation, self-rescuei
dev1ces, whether they be FSRs or SCSRs, must be acti=
vated and used from the miner's first awareness of the
need to escape -~ in some 1nstances, this may even bewg
too late. ' e

d. In cases of asphyxlatlon and suffocatlon, the self-

‘rescuer would have to be worn or- oarrled to be useful
TABLE A-3. - Accidents involving poorly
ventilated workings
Injuries Potential
Report ' impact of
No. Accident Fatal Nonfatal self-rescuers
A.7.1 Cross Mine 1 1 1 life, 1 injury
Asphyxiation : saved* with FSRs
9/19/80 or SCSRs o
A.7.2 Knight Mine 0 2 2 injuries saved*iﬂ
Asphyxiation only with SCSRs
5/6/77
R
A.7.3 Nevada Mine 2 0 2 llves §§E§§ileth
suffocation SCSRs, p0351bly
8/10/80 saved* with FSRs

*Items with an asterik ar¥é speculative. In these caseés, for'the 1Iife to 7=
be saved or injury to be prevented, the self-rescuer would have to be
donned from the time of first exposire to the hazard (implying self-
rescuer would have to be worn or carried). Note that the victim might

not have been. .awdre of ‘the hazard until he exhibited symptoms.such as.
dlZZlneSS or collapse.wm
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A.3.2 Other Factors

The accidents listed above taught the importance of
monitoring and testing the atmosphere in and from abandoned
areas on a regularly scheduled basis and/or before persons
attempt to enter unoccupied areas.

A.4 Unplanned Rapid Release of Gases

A sudden outflow of gas can overwhelm the mine ventilation.
On two separate occasions, millions of cubic feet of methane,
with unknown quantities of other gases, erupted into a Louisiana |
salt mine (A-14, A-15). To dilute that outflow to a safe level
would require more than 100 million cubic feet of air per minute,
an obvious impossibility. In a Russian mine, gas from a pocket
was "flamed" to keep the atmosphere "safe"; this method was
proven deficient when it led to a major explosion (A-2).
Purportedly a similar means has been used in a salt mine 1n
Louisiana (not the mine mentioned above) (A-14).

This problem is generally associated with isolated, ran-
domly-occurring pockets. Examples of such are found in three of
the four remaining operations in Louisiana salt domes, in a
uranium mine in Utah, and in the Permian basin potash deposits
of the southwestern United States, among others. Frequently,

Ny or CO, is the principal gas. A pocket, however, might be
filled with flammable gases, as in the Louisiana salt mine
mentioned above. The types of gases cannot be predicted.

Fortunately, pressures in these pockets are often only
inches of water. In the Belle Isle Mine, however, pressures
exceeding 80 atmospheres were measured on a number of occasions
(A-14, A~15). 1In the Cane Creek Mine, (A-16) pressures pur-
portedly pushed a 3000-1b drilling machine 20 ft out of the hole
being drilled. In the Carlsbad, New Mexico area, pressures up
to 4 atmospheres have been measured (A-17). Gas can flow un-
expectedly from pockets along faults and slips, particularly
those opened by redistribution of the stresses that follow
normal mining operations. Blasting overbreak and pillar ex-
traction can cause more rapid flows.

A.4.1 Potential Impact of SCSRs

WVTable Af4 lists two a001dents which involved hazardous
atmospheres caused by unplanned rapid release of gases without'
subsequent ignition or explosion:
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L,‘TABLE'A44;‘-;Accidents involving unplanned
‘ ' ‘rapid release of gases

Potential
Report S 1 ot e impact of
No. Accident Fatal | Nonfatal self-rescuers
A.7.4 Lisbon Mine Gas 0o 0 -
outbursts ; ‘
3/29, 4/6,
5/17/79
A.7.5 Nash Draw Mine T 0 1 life saved with |
- asphyxiation : SCS8R 1
3/29/76 o : L

g LR e B [

Rapid release of gases led to one death from 1976 through
1980. Three outbursts occurred within 2 months in the Lisbon
Mine; no one was injured. As many as 20 outbursts occur each
year in mines in Louisiana salt domes. Except for the outburst :
leading to the Belle Isle Mine explosion in 1979, no injuries IR
have ever been reported. (It should be noted that although S
the Belle Isle Mine Explosion (6-8-79) is classified as an N
explosion, it resulted from a methane gas outburst).

SCSRs were needed by the two miners involved in the Nash
Draw Mine accident. . Either SCSRs cor FSRs might have been
important to persons in the Lisbon Mine.

To have been useful for protection against outbursts,
SCSRs would have had to be worn or carried by almost all of the
persons involved. Equally important to many. was the need to
know they had to don and activate SCSRs. Among the important
lessons of Nash Draw, as well as many other accidents included
in this report, were the need for miners to have immediate |
awareness of danger and to be able to don and activate a self I

rescuer before being overcome, which could be a matter of seconds,
if that long.

Had miners been exposed to gases expelled in other out-
bursts in salt mines, and exposure was possible, SCSRs would
have been needed. Prior difficulties have been experienced
with Universal gas masks in salt dust-filled air because the
salt dust tended to clod the filter. Similar problems might
occur with a filter self-rescuer. o

e
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Analysis of gas outburst aCC1dents teaches that a number of

gprecautlonary :steps=ean-be: taken,.‘

a. Drill exploratory holes

b. Before blasting,

blasting

d. After blasting and before restoring power,

test for flammable gases and lock
out all power except that needed for ventilation and

Simultaneously blast rounds from the surface while
persons are neither underground nor near shafts and

portals
test for

flammable gases and examine areas around the blast

sites.

A.S

Immediately evacuate areas of gas outburst and test
for gas before re-entering.

Ignitions and Explosions (A-20, A-21, A-22, A-23,

A-24, A-25, A-26)

An explosion in a metal or ‘nonmetal mine is such a rarlty

that its potential has led to misconceptions, such as’

explOSLOns”f

‘are not a problem for hard rock miners, but for coal mlners."‘t;
‘This is not necessarily true, as Table A-5 makes clear. o

- Five-year histori of explosions and ignitions

TABLE A-5.
in underground mines, 1976-1980
Iﬁju:ies Million Average
Reported man- nurber of
cases Fatal Nonfatal hours mines¥
Coal explosions 4 32 3 1071 2289
Metal /nonmetal 281 745
Explosions 2 5 &
Ignitionsg 5.. 0 6
The figure _

RATEFARGES RBG EE KL

*The number of operating mines varles from vear to year.

represents the average number of mlnes 0peratlng on any given day\
during the S—year survey perlod.w_‘= ; — T

Source:

C—
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A worldwide increase in flammable gases in metal and nonmetal
mines has been noted over the past 30 years. The increase is
believed to result from mining at greater depths, using more
powerful explosives, and extracting ores from larger areas at
greater rates. In addition to the pockets previously discussed,
gases, often methane, might be occluded in strata over an ex-
tensive area. Examples of this can be found in zinc deposits
in upstate New York, copper mines in northern Michigan and
Tennessee, gold mines in the Cripple Creek, CO, and San Benito
CA, districts, limestone and salt mines in Pennsylvania, New
York, Ohio and Kansas, and trona and potash mines in Wyoming,

~ New Mexico and Utah, among others. Mining operations cause

“fractures, joints and other paths to open between the mine and
"the gas-bearing rock. Gas flows into a mine depend on gas
pressures, water table locations and the rate of barometric
pressure depressions,

Some investigators believe that metal and nonmetal mine
gases could present a greater explosion hazard than methane does
in coal mines. Flammable gases associated with ore deposits
often contain comparatively high percentages of hydrogen and
heavy hydrocarbons, making the gas more readily ignitable and
capable of producing higher pressure. Other investigators believe
that N2 and CO, are highly effective inerting agents and
frequently are the principal gases associated with ores, parti-
cularly those with pockets of gas.

; To aid evaluation of the hazard, some ba81c 1nformatlon is
‘here presented. Ignition and explosmons involve burning. Burn-
~ing in confined space, such as a mine, produces_pressure. With

1gn1t10n, the pressure developed is barely perceptlble

IR,

An explosion, however, develops sufficient pressure and
violence to destroy as well as disrupt ventilation. For ex-
ample, experimental explosions involving methane and oil shale
dust have developed up to 18 psig and wind velocities of 75 to
650 mi/hr (A-27). Pressures and impact velocities developed
during an explosion could tear away brattice cloth, rupture
eardrums and wetwall block stoppings, collapse lungs and fracture
bones, and even cause death (A-23, A-28, A-29),

 *"perceptible” means pressure in excess of 0.2 psig (5 'in. water gauge). That
" definition is based on United States Bureau of Mines research in the
Experimental Coal Mine in which instrumentation deces not respond accurately
to lower 1gn1tlon-exp1051on developed pressures.
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Burnlng consumes oxygen and! produces “carbon monoxide among

other gases. The atmosphere follow1ng lgnltlons and’exp1051ons
can, for worst case conditions, contain 10 percent CO and 0.5
percent O2 (A-21, A-23, A-24).

When flammable gas is the principal fuel, flame seldom
affects persons at distances greater than five times the length
of the original gas—-air mixture even though forces destroved
stoppings and caused other damage over a wide area. Assume,
for example, a flammable body of gas fills the entire face,
but extends only 1 ft into the drift or down the raise. Per-
sons within 5 ft might receive burns, whereas persons farther
away probably will be unharmed. For a flammable methane-air
mixture to lead to a major explosion in a mine passageway, the
body of gas must extend at least 10 ft (A-23, A-24), '

This is why wventilation is the principal safeguard against
explosion. Good ventilation limits the extent of a flammable
gas—air mixture as well as the concentration of the gas. This
in turn limits the area affected.

Ignitions generally involve flammable gas only. In an ex-
plosion, combustible dust may be the dominant fuel. The com-
bination of gas and dust lowers the individual minimum explosive
limits; thus, in some mines a seemingly safe flammable gas con-
centration could be dangerous. For example, minimum explosive
limits are 5 percent for methane and 0.2 oz/ft3 for gilsonite
dust. The explosion produced by ignition of 2-1/2 percent
methane and 0.01 oz/ft3 gilsonite dust can be more violent than
that caused by either alone.

Explosion hazards of numerous dusts have been evalﬁated-by
the United States Bureau of Mines since the 1920s. Detailed
ligts and data are given in the references cited (A-27, A-30,
A-31).

A.5.1 Potential Impact of SCSRs

atmospheres caused by ignitions and explosions.

[ Table A-6 lists eight accidents which 1nvolved hazardousf .
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oo TABLE AfG;é—»A001dents involving ignitions
B ‘ and explosions

:  Injuries Potential
Report - impact of
No. Accidents 1"Fatal | Nonfatal self-rescuers
A.7.6 Belle Isle ;Mine explosion 5 6 -
6/8/79
A.7.7 | USBM No. 1 Shaft ignition'| 0 0~ -
11/1/78 _ cre T i Wi
A.7.8 Alchem Trona ignition 0 4 -
6/3/77 :
A.7.9 Belle Mine lgnltlon : .0 2 -
10/27/76 T e,
A.7.10 | Cane Creek ignition o 4 =
7/31/63
A.7.11 |.Cane Creeck explosion - 18- | 3. lives. saved with |
8/27/63 . |-8CSRsp+possibly--— ]
gaved with FSRs
A.7.12 Dead Horse ignition 0 2 -
5/20/70
A.7.13 No. 1 Incline explosion 8 0 -
11/5/53

§

: —_—
-~ Ignitions and explosions in the years 1976 through 1980
caused 5 fatal and 12 nonfatal injuries.

In the years 1953 to

1976, they caused 29 fatal and at least 12 nonfatal injuries.

In the accidents cited above,

e

b‘l

FSRs were not used..

the following were true:

Had FSRs been used in the Belle Isle Mine explosion,
breathing through them might have been difficult if

not impossible.

Either FSRs or SCSRs,

had they been available, might
_have aided in saving the lives of three mlners in the
1963 Cane CreekyMlne EXplOSlon.




d.  SCSRs: wOuld have ‘been of “no use to the other 24 miners

~who died in these accidents nor to at least. 19 of thet‘
nonfatally lnjured mlners.

e. In cases of ignition and explosion, SCSRs would have

| had to be worn or carried by almost all of the persons

| ' directly affected in order to be useful.

|- for fire, namely:

A.6 Fire

Metal/nonmetal mines contain all the ingredients needed:

a. Oxygen in the mine ventilation, compressed airlines
and welding-cutting equipment.

b. Heat from spontaneous combustion, welding-cutting

i slag and sparks, electrical short circuits, smoking,
| . and other open flame.

c. Fuel in the form of diesel o0il, lubricants, convevor
i belting, urethane foam and wood.

| This study, which was concerned with the gquestion of the

short circuits, and

The relatively high
the need to explore
should an SCSR case
| an oxygen—acetylene
| short circuit.

5 smoke inhalation in

[ ‘need for oxygen during escape, did not include fires causing
only burns to persons as a result of cutting, welding, electrical

ignition of fuel (diesel, propane and

gasoline}, by smoking or other deliberately-applied open flame.

incidence of those types of injuries suggests
the potential for increased injury severity
catch on fire or be penetrated by flame from
torch or by the arc from an electrical

| During the period 1976 through 1980, 28 miners suffered

66 fires. Forty-three of these fires are

\ included in this report. Study of those and of fires in pre-

vious years indicates wood has been the principal fuel in metal
and nonmetal mine fires. Wood also has been associated with

be done.

}}Other fuelsware relatlvely llmlted 1n quantity._

almost all fires that exposed more than a few persons to danger.rm

D ‘Study of those flreswalso inferred that the potential for
- ‘development of an irrespirable atmosphere and for escape could
be predetermined. “The following example shows how this might
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A.6.1 Wood Fire Example

The example wood fire has the following assumed conditions:

Question:

Drift 8 ft high and 10 ft wide
Supported by square sets on 5 ft centers
Each set consists of eight 12 by 12 in. timbers

Two inch thick lagging boards on the top, bottom and
both sides of the timbers

The timber and lagging have a density of 40 lb/ft3
50,000 cfm of air are flowing through the drift

Heat and flame penetrate. 1/40 in./min into the timbers
and lagging*

Spread 3/4 fpm down the drift**
CO from the fire is the maximum likely to be produced

in a ventilated mine passageway, |1.3 ft3/1b of wood
burned (A-42, A-43) T

Miners can use FSRs to escape in the return air from
a fire provided the 07 is greater than 13 percent and
CO less than 1.5 percent.

Can miners escape, and if so, how much time do they
have using FSRs in the return air from a worst-case
fire in the above-described drift assuming no dilution
of the fire-contaminated air?

*The rule of thumb used by many fire control engineers is wood chars at a
rate of 1/40 in./min. In actuality the char rate is proportional to the
magnitude of the radiation intensity to which the wood is exposed. For
the radiation intensity likely to occur in a severe fire in a mine, the
penetration rate given should represent ‘a Worst-case condition (A-11).

*%7 flame spread rate of 3/4 fpm represented the worst-case condition in
the 51 fires synopsized in this report and is consistent with findings
in United States Bureau of Mines and Forest Products Laboratory full-
scale research (A-11, A-37, A-38, A-39, A-40, A-41).
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Solution:
1. Calculate the pounds of wood burning per minute that
could cause the 0, concentration to be reduced to
13 percent. This can be approximated using the
formula (A-11)
F = kQ(O2 intake - O2 return)
where
F = the quantity of fuel burning in lb/min
k = a constant which for wood, o©0il and similar
fuels approximates 0.08
Q = the quantity of air flowing over the fire in cfm
O2 intake = the oxygen concentration in the air flowing
to the fire generally is 0.209 (~v21 percent)
0, return = the oxygen concentration in the air flowing

from the fire assuming no dilution by other
air flows.
For the example fire where Q = 50,006chizg;d the minimum
desired 05 return is 13 percent, then ¥ = (0.08) (50,000)
{0.209 - 0.13) = 316 1b of wood burning per minute.

2. Determine the maximum CO concentration likely to be
produced by burning 316 1lb of wood per minute. For
this example: (316) (1.3 ft3 of CO/1b of wood burn<
ing) = 411 cfm of CO. And (411 cfm of CO)/ (50,000 cfm
of air + 411 of CO) = 0.82 percent CO. That is less
than the maximum allowable 1.5 percent CO concentration,

~_indicating FSRs should provide protection for escape.

| Had it exceeded 1.5 percent the need for refuge chambers,
SCSRs, auxiliary sources of oxvgen, or combinations of
these would be indicated.

3. Estimate the length of drift on fire which would con-
sume 316 1b/min of wood. The density of the wood was
assumed to be 40 1b/ft3; therefore, 316/40 = 7.9 ft3
of wood per minute need to be burning.
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‘'With flame and heat penetrating 1/40 in./min into the
wood a 12- by 12-in. timber would be consumed in
240 min and a 2-in. thick lagging board in 80 min.

Each 5-ft length of assumed drift contains 56 and

30 ft3 of timber and lagging respectively; therefore
{56/240) + (30/80) = 0.6 cfm of timber and lagging
consumed in a 5-ft length of drift, or 0.12 cfm/ft
of drift.

To consume 7.9 ft3/min of wood, therefore, requires
flames throughout 7.9/0.12 = 65,8 ft of drift.

this is the time from the beginning of the fire
miners have to escape using FSRs assuming worst-case
conditions. If the flame spreads down the drift at

a rate as high as 3/4 fpm, the air returning from the
fire would contain more than 13 percent 0y and less
than 0.82 percent of CO for more than 85 min (65.8/

0'75 = 87-7)'

J

4. Estimate the time needed for flames to extend 65.8 ft; %j_;
7
|

A.6.2 Actual Wood Eires

The methods for calculatiné the Woo&iFire~Exam§lé were used

?to estimate worst-case conditions during 11 actual fires
(Table A-7). Those fires were selected because their inves-
tigation reports contained sufficient albeit limited data on

duration of the fire and length or quantity of wood burned.

In those 11 accidents, actﬁal airflows across the fire or

isubsequently admixed with the fire products exceeded the|"Safe
Airflow" values given above. Thus, there was sufficient 6§§§€Hﬁ
‘and low enough CO for escape. None of the almost 3000 miners

involved reported being injured by smoke and fumes in these

‘fires. One miner, in the Miller Mine, put on an FSR.

A.6.3 Potential .Impact of SCSRs

Table A-8 lists 48 accidents which 1nvolved hazardous
atmospheres caused by fires.

‘ These fires can be categorlzed ‘according to the Zocation of
the fire:
a. Fires in old workings‘(A 7.14 to A.7.23)
b. Fires in shafts (A.7. 24 to A.7. 34) ( .
- Ce . Fires in. other areas. (A 7 35 to A 7 61).
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?AByﬁﬁgfj 'M Ac01dents'ihvolv1ng wood flres
_ - T
: «:Averagé Maximum Minimum
flame spread, CO—potential safe airflow*
Fire (Ct/min) ) . (cfm} {cfm)

Belle Isle (1/9/79) 0.500 . 4.1 { 500
Climax (8/8/78) 0.050 0.4 | 50
Grace (6/22/76)7 043000 Lo £ 3644 4,410
Homestake (4/1/76) ‘0.003 U U dslig 4,550
Kelley shaft (6/27/77) 0.800? 1,650.0 i 200,000
Lucky Friday (12/17/80) 0.008, 0.3 : 40
Miller (8/8/80) s T o e [0 PR 5200 . 63,000
Pleasant Gap (8/26/77) 0.200 60.0 7,270
Reserve (4/5/76) 0.020° 15
San Manual . (5/23/80) o io00L700 0% oo 600
sunshine (11/30/77) S0.030 | 25
*Qguantity of air required to have more than 13 percent 02 and less than’ﬁ‘

1.5 percent CO in the return air from the fire. That quantity should

support escape using FSRs; multiply by 100 for escape without a self-

rescue-device. ,

} Ftres in old workings- can~present~the same-kind of- ‘danger
Z"as hazards due to poorly ventilated areas, discussed in sub-
section A.3. Fires may start and go undetected for an extended
period of time, allowing a buildup of toxic gases and/or defi-
cient 0Oy atmospheres. The following conclusions were drawn from
the analysis of 10 reports on flres in old workings: i

a. Sunshine Mine Fire of 2 May 1972 was the glaring Lo
example in the category. In our opinion all 91 lives, .. r
and 40 injuries, could have been saved by proper use |
of FSRs or SCSRs.

b. Fires in old workings hay be difficult to find. Per—f
sonal searching for a fire are exposed to the risk of !
stumbling into a bad atmosphere. f




-cAccidents-involving fires

Report rotential Impact of
Na. Accidents Fatal Nonfatal Sel f-Rescuers
; ; A.7.14 sunshine Mine Fire (5-2-72) gl 40 9l lives and 40 injuries saved with FSRs
or SCERs
5 2.7.15 | Homestake Mine Fire (5-9-75) 0 o
: A.7.16 Magma Mine Fire {5-2-80) 0 0 !
A.7.17 Beyer Mine Fire (1-22-78) 4 o} "
3.7.18 | Crescent Mine Fire (3-25-79) 0 0
! a.7.19 | Bagle Mine Fire (10-3-77) 0 0
G ‘ : RA.7.20 Kelley Mine Fire (4-7-77) 0 5}
| A.7.21 Kelley Mine shaft Fire (6-27-77) o] 0
A.7.22 New York Mine Pire (7-20-77) - O 0
e H A.7.23 Silver Dollar Mine Fire {8-27-70) Q 0
. ‘ 5.7.24 | melle Isle Mine Fire (3-5-68) 2 2
A.7.25 Belle Igle Mine Fire (2-2-79) ) s} I8}
A.7.26 Bunker Hill Mine Fire (&-28-73) 0 0
A.7.27 Climax mine Fire and Expleosion 1 1 , s
(7-8-64) )
A.7.28 Lucky Friday Mine Fire (12=17-80) (o 0 :
. 2.7.29 | Magma Wo. 9 Shaft Fire (3-22-73) 0 0 !
‘ ! A.7.30 | Miller Mine Fire (8-8-80) 0 o -
A.7.31 Resgerve Mine Fire (4-5-76) 8} 8}
A.7.32 Star Mine Fire (1-20-71) 2 0 ,
A.7.33 uspM Ho. 1 shaft Fire (12-¢-78) o} [} ¢
A.7.34 Water Lilly Mine Shaft Fire (1-19-79) 0 0
A.7.35 Bellefonte Mine Fire (6-8-76) 0 2
A.7.36 Belle Isle Mine rire (1-2-79) Q 0
A.7.37 | Bunker Hill Mine Fire (11-15-7%) 0 0 -
A.7.38 Cabin Creek Mine Fire (4-16-77) 0 2 9 injuries saved with proper use of FSRs

or SCSRS
A.7.39 Cayuga Mine Fire {3-28-73)

A.7.40 Cherokees Mine Fire {1-6-78)

A.7.41 Climax Mine Fire (9=3=77)
e : A.7.42 | Climax Mine Fire (8-8-78)
e A.7.43 | climax mine Fire (10-11-78)

A.7.44 Fletcher Mine Fire (7-7-80)

A.7.48 Geoxrgia Markle No. 5 Firc (1-31-78)
A.7.464 Gordensvyille Project Fire (4=19=78)
A.7.47 Grace Mine Fire (6-22-76)

A.7.48 Homestake- Minc Fire (4-1-76)

A.7.49 Logan Wash Fire (9=12-78)

R.7.50 Montevallo Mine Fire (9-20-77)

A.7.51 Orark Mine Fire {12-16-78)
A.7.52 FPleasant Gap Mine Fire (8-26-77)
A.7.53 Relsoff Mine Fire (12-8-77)

A.7.54 san Manuel Mine Five (10-18-76)

A.7.55 San Manuel Mine Fire (5-23-80Q)
A.7.56 Sherman Mine Fire (3-20-80)
A.7.57 sunshine Mine Fire {11-23-77)
A.7.58 Sunshine Mine Fire (11-30-77)

O O o 0 Do © o O o0 o0 o0 o0 O 0O o o o0 9 oo

3.7.59 sunshine Mine Fire (2-22-78)

o O o o 0 o D0 0o o 0O oo o o0 o o0 o o o o 9 o o

A.7.60 Weeks Island Storage Complex Fire
(12-1-78)

=]

A.7.61 Youny Mine Fire (10-16-78) o] 0
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Fzres in shafts present a tremendous danger because the exit
may be blocked. If the shaft is on intake air, all or a large
part of a mine may become contaminated. The hazard is greatest

in mines or areas of a mine where a single shaft is the only
exit.

The following conclusions were drawn from the analysis of
11 reports on fires in shafts or dead—-end headings:

[ FSRs were rarely used.

® In all three fatal accidents, FSRs or SCSRs would not
have saved lives or injuries. In two cases (Belle
Isle and Star) egress was prevented by the fire. In
the third case, an explosion caused the death and
injury.

e . In many of the 11 accidents, there was the potential

for air contamination throughout the mine, which
would have reguired many miners to use FSRs or SCSRs.
Based on the analysis in subsections A.6.1 and A.6.2,
we can theorize that fllter self rescuers Would be
adequate. . -

" Fires in other areas refers generally to drifts and stopes.
virtually all of them involved either rubber-tired equipment
or permanent electrical installations. The following conclusions
were drawn from the analysis of 27 reports on fires in other
areas:

) FSRs were rarely used.

° Although FSRs were used in the only accident resulting
in injuries, they were used improperly and not soon
enough. Proper and timely use of FSRs would have
prevented 9 nonfatal injuries.

) Self-rescuers should not be stored on mining eguipment
because the operator invariably evacuates the machine
1mmed1ately if it catches on fire.

f%igé@@ggg for’aZZ types of f@res, filter self-rescuers,
the p0551b1e exceptlon of one 1n01dent) Oxygen self-rescuers,
properly used, would have provided adequate protection - either
stored or carried. However, SCSRs stored on mining equipment

would not have been available when the equipment caught on fire.
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A.6.4 Other Factors

Analysis of mine fire accidents prov1ded the following
lessons:

a. Atmospheres in and from abandoned areas should be
monitored and tested on a regular basis and before
persons attempt to enter.

b. Egcape plans must be designed to work in all fore-
seeable emergencies.

c. A readily accessible communications system is vital;
this includes not only communications to initiate
evacuation, but also means for miners to become aware
of fire quickly.

d. Self-rescue devices, whether they be FSRs or SCSRs,
should be activated and used from the miner's first
awareness of the need to escape.

e. There should be no delay in evacuation. This means
escape must begin soon after the fire develop5° each
minute of delay allows heat and flame to attack more
fuel, produce more CO and smoke, and consume more

oxygen.,

f. If miners search for a suspected fire before notifying
management, the searching miners are also exposing the
rest of the personnel underground to some risk. |

Many reasons are given for delaying evacuation. The authors
of this report have had long experience in mining and particu- |
larly with mine rescue and recovery following fires. They do,
therefore, understand those reasons; they do not agree with them.
In many of the fires cited, miners stayed to fight the blaze.
Sometimes they were successful, sometimes not. This combative-
ness is a characteristic of miners. It is a trait, however, that
could expose the miner to even greater danger should he be given
a portable oxygen source. This could increase the likelihood of
miners staying and fighting fires rather than fleeing. While the
oxygen source is being depleted, the potentially irrespirable
atmosphere is growing larger and extending beyond the miner. His
chances for escape diminish; not only will he have less. oxygen,s
he may have to seek safety through denser smoke. As many a mine
rescue person knows, the range of vision on the return air side
of a small fire drops to a few yards in a very short time; and,
the route of travel can barely be seen, if found.
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A.7 Reports on Individual Mine Accidents

This subsection contains reports on the 61 accidents referenced
in the previous ‘subsections. Index tables of these accidents,
organized by report number, ‘alphabetlcally,land chronologically,
are in subsection A.9. T —— o

A.7.1 Cross Mine Asphyxiation, September 19, 1980 (A-3)

Background

kCross ‘Mine is near Nederland, CO. The Qre,rconteiprggr,
silver, gold, copper and lead, is mined by drifts following the
veins. The mine has developed on four levels off a 190-ft-deep
shaft. The two lower levels are being mined; the other two have
been abandoned. A decline from the surface intersects the top

level. A 10 hp fan in the portal forces 12,000 cfm into the mine.

The accident occurred on the bottom level. This is 200-ft-
‘long, 5- to 6-ft-wide, and 7-ft-high. Little to no air was
reaching this level; the ventilation door on the second level
had fallen down, short-circuiting the air back to the shaft
rather than to the lower levels.

The Accident

Two miners proceeded to the fourth level to muck out ore.
This was 8 hr after a series of slab shots had broken the ore.

The one survivor later reported the air was clear, with no
smoke, dust or smell of fumes. They began to clean up the area.
In 10 to 15 min the survivor began t6 feel dizzy and sat down.
He then noticed his partner had an oxygen cutting torch in his
mouth. Neither attempted to turn'on the compressed air hose.

.After a whlle the two forced their way to the sklp where-
they collapsed, as shown in Flgure A-1.

Two hours later a mine official found them. One hour later§
they were brought to the surface. One was dead; the other was
‘hospltallzed for 5 days.

Lo The MSHA investigation report stated death resulted from
CO poisoning. This accident was included in this study because
blasting might not have been the source for the CO:
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FIGURE A~1. - MSHA illustration of Cross Mine

T T e T

-asphyxiation.

The CO concentration at the shaft station averagedf
550 ppm 16 hr after blasting.

For CO to causef§qgng;jhealthy persons such as these
two miners to become dizzy after 10 to 15 min of work

‘requires at least 1500 ppm.

The average CO concentration in the drift, therefore,
was at least 1025 ppm.

For CO to cause death within 2 hr requires at least
1200 ppm.

The cpen volume of the fourth level approximated
7700 ft3. To have 1200 ppm, therefore, requires at
least 9 ft3 of Co.

For blasting to produce 9 ft3 of CO requires more than ~ .-

30 1b (60 sticks) of 40 percent dynamite.
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g, A greater gquantity would be needed to compensate for
dilution during the 8 to 10 hr that elapsed between
blasting and death. :

h. Slab shots in the accident area would not likely
require 30 or more pounds of explosives.

[ Potential Impact of SCSRs
P 0 0 VO 500 3 AN O w0 S Ry ‘
The one survivor stated he never thought of using his FSR.
There was no smoke or dust in the alr and they entered the place
8 hr after the shots had been fired. The miners generally
returned an hour after blasting.

The miners had, but did not use, a readily accessible source
of oxygen, compressed air. The deceased miner did put the oxygen
cutting torch in his mouth.

Although there wasg little to no air flow in the accident
area, there was sufficient oxygen to support life as evidenced
by the facts that they were in the drift for more than 2 hr
and MSHA and mine officials were in the accident area for several

, _fhoﬁrs.beforesVentilation was restored. Thus, FSRs should have  :
| protected -these two miners. -SCSRs worn or- stored-in the drift-. &

also could have been used.
A.7.2 Knight Mine Asphyxiation, May 6, 1977 (A-5)

Background

Knight Mine, a fluorspar operation, is near Rosiclare,{liﬁﬂ

The Accident

Two miners were removing a pump from a sump in an abandoned
area. The duct normally used to direct air to the sump had been
removed. The two collapsed into unconsciousness.

Fortunately, the mine foreman came to the work site. He
immediately installed the ventilation duct. Some other miners
came and helped remove the two unconscious men.,

The two regained consciousness when brought to fresh air.
They. were sent to the hospital.
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They had been overcome by hydrogen sulfide (H,S) gas.

HyS is frequently found in fluorspar mines in IllanlS HyS

is also found in gypsum mines, in sulfide ore mines and in some
mines in which methane is liberated or o0il seeps. Because it is
heavy (specific gravity is 1.2) and highly scluble, it should be
expected in low-lying pools of water. Disturbance of the pool
will release the gas. Its TLV is 0.002 percent; a concentration
of 0.05 percent can: cause death. '

Potentlal Impact of SCSRS

D —

FSRs were not used. FSRs offer littlef[or ne|protection
sagainst-H28. SCSRs: would. be: protective; however, they had to be
“donned -and activated within-seconds of awareness, assuming the
mlners could become aware of their danger.

Ventilation and testing for gas could have prevented this
accident.

A.7.3_LNevadefMine Suffocation, August 10, 1980 (A-7)

Background

Two miners in- the Nevada Mine, near BonanzaLléé, mined
gilver from a shrinkage stope. This type of 2-man operation is
not uncommon in the west.

The Accident

The accident site was the 43-ft-deep shaft, the only access
into the mine. Needing to pump water from the shaft the two miners,
the only persons on the property, set an electric pump on a landing
above the water. Obviously the pump didn't work, so they set up

a gasoline-powered pump along51de of it. Tater that day their |

bodies were found on the purp platform The two had dled'from

CO pOLSonlng. The acc1dent is- shown in Flgure A 2.,,ui;;

) oy Lepoah q‘ iy L= I A SR fq_ S

;Potentlal Imgggt of SCSRS

SCSRs had. they.been actlvated probably would have saved
‘the lives of these two miners. But, why would they have acti-
‘vated SCSRs? FSRs possibly would have saved thelr llves- but
the two miners dld not have FSRS. ‘
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FIGURE A¥2. ~ MSHA illustration of Nevada Mine suffocation.

A.7.4 Lisbon Mine Gas Outbursts, March 29, April 6 and
May 17, 1979 (A-18)

Background:

In the Lisbon Mine, near Mocab, UT, uranium ores. are mined “4i
from rooms and pillars. A sublevel haulage is used to transport
ore from the working areas to the shaft skip pocket. The mine
is 2917 ft below the surface. In 1973 it was classified "gassy".

The Accidents

On March 29, immediately following blasting at the face, rock
from the just-exposed rib blew out. The 10-ft-wide drifts were
filled 6-1/2~ to 7-1/2-ft-deep for 160 ft. An estimated 250
tons of rock had been expelled. Shortly after, 3.5 percent
methane was detected. Miners were underground at the time, but
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several hundred feelk from the outburst. No one was injured.
Ventilation controls in the area, however, were destroyed.

Although the company began an extensive drilling program,
outbursts occurred on April 6 and May 17. The quantity of rock
expelled was about 40 tons each time.

Subseguent investigations indicated the outbursts were
associated with pockets of methane and carbon dioxide; and, the
atmosphere following an outburst could be expected to contain
sufficient oxygen to support life as well as combustion.

. tions or explosions cccurred, F'SRs should have prov1ded adequatef“ﬂ

| protection. Our calculatlons indicate the maximum probable
irrespirable atmosphere would extend 10 to 150 ft in length
for the outbursts that occurred. Because miners would be farther
than that from the face while blasting, they probably could
escape if they were not seriously injured.

A.7.5 Nash Draw Mine Asphyxiation, March 29, 1976 (A-19)

Background

Nash Draw Mine is near Carlsbad NM.- Potash is
mined by the room—and-pillar method; plllars generally are- not
mined. Two shafits connected to one level; two declines went to
a lower level. This mine, as well as most mines in the area,
had a history of pockets of gas in the polyhalite strata 15 to
25 ft above the potash. Samples have been taken from holes
drilled into the polyvhalites since the 1930's; typically, the gas
pockets contain more than 90 percent Np. Because the pressure
in some pockets can cause falls of roof, particularly in inter-
sections, holes are often drilled into the polyhalite at
intersections. Gas pressures up.to 4 atmospheres have been
recorded.

The_Accident

Prior to the accident, a fall of roof covered an undercutter.
The fall was 48-ft-long, 32-ft-wide and 5-ft-thick. A 10-ft-long
crack was in the roof above the fall.

A

' Figure A=3 shows the scené Gf this accident. =~

FSRS were not used in any of these outbursts. Had 1gn1— T
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~—=—Undercutter

| 10' Wide Crack 1n Back

Vietin

>

T

FIGURE A-3. Location of Nésh Draw Mine asphyxiation.

o The victim (the mine foreman) was notified of the fall and
. "was told no one had been injured. He and a mechanic travelled
1 by jeep to the fall. Their mission was to determine how to

s recover the machine. The victim, about 15 ft ahead of the
| “mechanic, walked around the right side of the fall. '

The mechanic, when he reached the edge of the fall, began
to feel weak and nauseous. He turned to go back. Turning again
he noticed the victim was down and his light immobile. He tried
to reach the victim, but becoming dizzy and disoriented, he
! couldn't. Then, he put on his FSR. He reached the victim, but
" was too weak to move him. He returned to the jeep and drove

- for help.

Two and a half hours later, rescue team personnel wearing
©  oxygen breathing apparatus recovered the body of the foreman.
- The c¢ause of death was suffocation.
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“Potential Impact of SCSRS ; - _ e

; _SCSRs, had_they been actlvated would have saved the victim
“and, but for chance, might have been needed by the mechanic.
However, it is reasonable to assume that an SCSR would have been
used in the same manner that the FSR was used. Thus, the
mechanic would have donned an SCSR and might have been able to
save the foreman. There is no reason to believe that the foreman

would have used an SCSR any more than an FSR.

The mechanic had told the victim before they went in that
the air smelled damp and musty. The foreman purportedly replied
the smell was of "virgin air".

The "successful" use of an FSR raises questions and com-
plicates this accident report. That is, IFSRs provide no pro-"T
tection against an oxygen deficiency. Its use, however, does .
indicate tHAat SCSRs Might have béen beneficial.” “Obviocusly, | had
the ‘two used SCSRs to enter the area they would have been
\protected. In the absence of that, the mechanic using an SCSR
instead of an FSR would have beén able to bring oxygen to the
foreman.

A.7.6 Belle Isle Mine Explosion, June 8, 1979 (A-15)

Background

‘Belle Tsle Mine produces salt from a dome near Morgan

mEEEy,‘LA. "Portions of the mine affected by the exp1081on and .’

"events are shown in: Flgure A-4.

The mine has two levels. Rooms and headings were developed
63 ft wide and 22 £t high on the upper level. When the planned
extent of a room was reached, the bottom was benched, leaving
82 ft high openings. Intake air was drawn into the 1225 ft deep
No. 2 Shaft by an underground fan. Air coursed through the mine
and exhausted up the No. 1 Shaft.

The Accident

Two shot firers blasted precharged holes in three faces.
About 10 min after shooting the third face a "blowout" of flammable
gases and salt erupted from 8 Main Entry East. The gas ignited,
and heat and winds exceeding 300 miles per hour spread through-
out the mine. y
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Shotfirer

Shotfirer

8 Maln Entry Eas

No. ! sShaft

e Origin of Explosion
X  MNeeting Place
B Escape Routes

FIGURE A-4. - Area map of Belle Isle Mine explosion.

Twenty-two persons were in the mine at the time of the ex~
plosion. Five were killed by explosion forces rupturing their
lungs. Two of the deceased were the shot firers; they purpor-
tedly had walked more than a half mile in the 10 min between
shooting the last face and the explosion.

Twelve miners were attending a meeting 3500 ft from the origin
of the explosion. A strong concussion bowled them over; hur-
ricane-like winds filled the air with dirt; wvisibility was zero.
One miner, who got separated from the others, tried to go to the
No. 2 Shaft which he had been taught was the primary escapeway.
Heat and winds (one blast ¢f wind blew him bodily 30 ft) forced
him to crawl back and try for No. 1 Shaft. This route too had
zero visibility, but heat and winds were less. He became dis-
oriented and confused, fell down, stumbled, weaved from side to
side and thought he was lost until he heard screaming sounds.
Moving towards the sounds, he met two miners. These three found
Peggy Blaney, badly injured, and screaming; they helped her crawl
to No, 1 Shaft. There they met nine other miners. All but
Ms. Blaney and another miner joined hands and began to try to get
to No. 2 Shaft. They moved slowly; even these many minutes after
the initial explosion they were being buffeted by hurricane=-
like, dirt-filled winds,
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Although they had difficulty breathing, dust caused choking
and coughing, no one put on an FSR. Arriving at the No. 2 Shaft
bottom, they found the mine phone and signal lines blown out.
They succeeded in contacting persons on the surface by shouting
and using cap.lamps 1-1/2 hr after the explosion. They were
hoisted to the surface 2 hr later.

Three miners sitting in a vehicle near No. 1 Shaft station
were blown 300 ft by the explosion forces., Two died. The third
was Ms. Blaney (see preceding paragraph).

Two miners driving a jeep towards No. 1 Shaft were blown off
the roadway. The rear half of the jeep hung over the edge of the
conveyor decline. When the driver got out, he fell 20+ £t onto
the conveyor. His rescue is mentioned below., The passenger fell
30 ft to the floor. His death was not caused by the fall, but
by explosion forces which ruptured alveoli in his lungs as was
the case with the other victims,

___Two other miners were riding a small tractor—type conveyangeiﬂ
One was blown off the vehicle, but neither was seriously hurt.
" They found the driver of the jeep and helped him to the No. 1
Shaft. The tunnel conveyor operator also reached the No. 1
Shaft. These four, Ms. Blaney and another miner (see discussion
above) were hoisted to the surface 1/2-hr after the explosion.

The first rescue teams entered the mine 6 hr later.

—

i Potentlal Impact of SCSRS

No one used an FSRAthough all had them on their belts and
many. reported the air caused choking and coughing. Six survivors
were hoisted to the surface via. the No. 1 Shaft 1/2-hr to reach
No. 2 Shaft; there they waited more than 2 hr.

The 17 survivors were fortunate indeed., Thirty-four hours
after the explosion the atmosphere near No. 1 Shaft contained
700 ppm of CO.* At that concentration, the following effects
can be expected:

*The actual CO concentration might have been greater. During recovery

of this mine following a major fire in 1968 it was learned that colori-
metric and length=of-stain CO detectors gave less than actual concentrations.
The error was believed to result from these detectors being affected by
products of wolatilization of salt particles in the air.
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After 15 min walking, .
or 45 min resting Throbbing headache
After 40 min walking, C
or 70 min resting Dl;Zlness to collapse
After 90 min walking,

or 180 min resting Death

High concentrations had to be in the mine in the first several
hours after the explosion. That 17 miners survived and explosion
__forces were the cause of the five de@ﬁhg_;gﬁg;ggghat self-rescue .
| devices were not critical to safety. Had they been, SCSRs =
would have been more effective than FSRs. Durlng recovery 777777777
operations following the 1968 fire in this mine, salt in the mine
air accelerated the build-up of resistance to breathing through
Universal gas masks. Thus, the heavy concentrations of dust
in the air for the several hours after this explosion possibly

could have made breathing difficult to impossible throuqh FSRs.a

The usefulness of SCSRs for the 11 surv1vors who reached -
the surface 3-1/2 hr after the exp1051on is suspect. Their '
travel to No. 2 Shaft was difficult and might have consumed more

oxygen than\SCSRs could prOVlde for travel and the hours-T
awaiting rescue. ‘ N

A.7.7 USBM No. 1 Shaft Ignition, November 1, 1978 (A-36)

Background

___USBM No. 1 shaft, an exper1mental oil shale mine near RlO
5B1anco, CO 1s shown 1n Flgure -5. o

7 The first 2352 ft of shaft: are lined with steel and con-
‘crete leaving an 8-ft internal -diameter;-the bottom 26 ft are
‘unlined and 10 ft in diameter. Automatic methane monitors

" set to alarm at 1 percent methane were at the 2080 level and the
shaft collar. Crews carried methane detectors.

The Accident

A crew in the shaft was trying to enlarge a cut out in the
steel liner at Level 5. Holes had been drilled into the oil
‘shale to reduce any potential for meéthane buildup. Hole were

‘being drilled in the steel liner; 14 holes had been enlarged by
" use of an oxygen- acetylene torch. Whlle enlarging the 15th ‘

;Eg}e, flames burst out.
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}\——— Shaft Collar

Depth Below Surface

987"

997* Level 1

1669* Level 2

1836 Level 3

i915'

19235 Level 4

e 2062" Level §

L7 e 2072" ‘
é/ | |

FIGURE A-5. - Tllustration of USBM No. 1 shaft.

Subsequent investigation indicated from 0.2 to 3.4 percent

‘methane at the collar of the 15th hole and zeroc methane a few
inches away.

potential Impact of sCsks T T

FSRs were not used, Had it been necessary to use SCSRs,
they should have been immediately available. In the initial
rush to leave, 'the miners might forget to:stop. for SCSRs.
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A.7.8 Alchem Trona Ignition, June 3, 1977 (A—23)

‘Background

Alchem Trona Mine is near Green River, WY. The mine is
classified "gassy" by MSHA. O0il shales, containing methane,
form the roof and underly the trona. A full-retreat room-and-
‘pillar system is used. The area-in which this accident occurred
‘was a seven entry panel on retreat, as shown in Figure A-6. The
three center entries were on 1ntake air with two returns on o
'either side. The prOJected flow of air across the pillar line
;should have been 40 000 to 45 000 cfm., Rqofxfalls, the absence
of line curtains, and removed check curtains resulted in a flow
‘of 15,000 cfm. The panel contained two sections, one mining
‘pillars in the four entries to the left (north) and the other
‘in the three to the right (south section).

iThe Accident

é The four miners who were to work theHSButhweeCtion“ﬁere” f;
~instructed not to turn on any electrlcal equlpment. The foreman
?then took the north sectlon crew to 1ts work area and tested for

a

(P e—— Fall —— (%%

F=t=

et

Inninninaine

FIGURE A-6. -“Location of Alchem!Trona ighition.
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methane. The foreman then proceeded towards the south section.
He heard the roof bolter operating and called to the operator to
stop. This was done and immediately afterward an ignition
occurred.

Flames filled the area as 1nd1cated on the drawing. The cloth-
ing on the four miners caught on fire. The foreman extinguished the .
burning clothes and took the four burned men to the surface.i

Subsequent investigations indicated that prior to the
ignition, 3 to 4 percent methane had been detected in the south
section. The ignition was caused by a faulty splice in the power
cable to the fan.

Flames fllled a volume of at least 53 000 ft3 extending
100 ft from the point of ignition. The original methane-air
body, therefore, had a length of 20 to 25 ft and a volume less
than 5000 ft3. Assuming worst-case conditions, the ignition
might produce as much as 480 ft3 of CO. The initial average CO
concentration, therefore, was less than 1 percent. The 15,000 cfm
air flow would dilute the CO to a safe concentration (below
800 ppm) within 30 sec.

The four miners received second and third degree burns to
the skin. None showed indications of smoke or toxic product
inhalation,.

‘Potential Impact of SCSRS e

FSRs were not used and were not needed. Had they been
needed the probability is the four miners would have been more
concerned with extinguishing their 'burning clothes than with
‘putting on, FSRs B

‘the miners fought the flames. If they were worn, the;grobablllty

—k

“ig,~ag 1t-was the FSRs, that extinguishing burning clotheé_f““
would take priority. Stored SCSRs would have been accessible

"only to the foreman; however, he probably would still rush in,

depending if need be on his belt-worn FSR.
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A.7.9 Belle Mine Ignition, October 27, 1976 (A-33)

Background

, Belle Mlne is in Bellefonte, PA. Limestone is mined from
sublevel stopes. : :

The Accident

Two miners were to drive a 6- by 6-ft raise. It has reached
a height of 125 ft. The miners traveled up 90 ft when they smelled
"boiled cabbage". They opened an air hose and continued up the
raise, blowing air ahead of them. When they reached the top,
one leaned over. Purportedly his cigarette lighter fell out of
his pocket; he accidently struck the lighter when he picked it
up.

The forces of the resulting ignition knocked the men to the
floor of the raise climber. ' When they realized what happened,
they began slapping at each other to extinguish flames in their
hair and clothes. They gquickly lowered the raise climber, reached
the drift, and ran for help.

They were hospitalized and treated for first and second
degree burns.

Potential Impact of SCSRs

FSRs were not used and not needed. If needed, they probably

would not have been used until after the miners reached the
drift., Air in the drift was fresh.

. SCSRs were not needed. Had they been,  they would, have had
to be immediately available.

) A 7 10 Cane Creek Ignition, July 31, 1963 (A-16)

B

Backgfound

Cane Creek Mine was about 20 mlles southwest of Moab UT. fFL_
At the time of this accident, the mine was being developed by
two descending drifts driven from a single 2189-~ft-deep shaft.
The drifts were in salt, oil shales, polyhalites, and other
clastic strata overlying potash, the goal of the operations.

The drifts, 18-ft-wide and 6- to 8-ft-high, extended about
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2000 to 3000 £t from the shaft station. The mine workings are
shown in the drawing included in the synopsis of the explosion
on August 27, 1963,

The shaft was the sole means of ingress and egress. A
‘dividing partition wall had not been installed. In-line fans
forced air down the shaft and into the drifts through metal
tubing, The air returned through the mine openings and up the
shaft. Fan tubing installations such as this are common cause
for recirculation.  _Return'air measurements made after this
accident indicated 12 500 to 16,000 cfm in the two drifts, air
temperatures of from 100 to lOSOF and flammable gases of from
0.1 to 6.7 percent.

The Accident

About 11:00 p.m. on July 31, 1963 four miners were burned
when combustible gas was ignited in 3U drift. The information
which follows is not substantiated. Neither this ignition nor
prior encounters with gases and oils had been reported to MSHA
(then the Health and Safety activity of the Bureau of Mines).
They were known by a mine inspector for the Industrial Com=-
mission of Utah. The U.S. Geological Survey previously made
suggestions on how to relieve the high gas pressures being
encountered. On at least one occasion, when drilling blast
holes, gas pressures pushed the drill and its operator back
20 ft.

Purportedly, gas coming from a rock bolt hole was ignited
when a miner attempted to light a cigarette. Flame flashed over
a large area. Flame continued to burn in crevices and the muck
pile for 6 hr. '

[ﬂ;oxentlal Impact of SCSRs:

~ Burns were the only lnjurles suffered; therefore, SCSRs 'Iﬁ
had they been ava%lable would have not prevented injury. |

Other Factors

Subsequent events, discussed later in Cane Creek Mine Explosion
(August 27, 1963), indicated that for conditions existing, the

'~, to 50 persohs underground needed protection. Either SCSRs
or FSRs FSRs ~would have been a positive supplement ‘to crltlcally

essential safety requirements, such’as T
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a. Opératiﬁg”thé mihé:é§ﬂa‘géééy mine

b. Providing two separate openings or having adequately
' supplied refuge’chambers at critical places.

A.7.11 Cane Creek Explosion, August 27, 1963 (A-16)

Background

This mine and its conditions are described in ﬁhe report of
a gas ignition. Figure A-7 illustrates-ateas involved in both
5accidents . 5 LEL Trne (Dt U0 N R ‘

tThe Accident

, The explosion occurred at about 4 40 p m. Of ﬁhe 25 miners
underground at the time: : , — *

B Eighteen died:

1. Twelve from the. forces of the exp1031on;

7 Livi\ 2 South %}
;
3=y e Shaft

O Victims
#+ Flame

Barricade ' 0. Mine  500'
Scale
0 Cirele 50°

‘FIGURE A-7. - Location of Cane Creek explogion!
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2. Three from irrespirable atmosphere in 3U drift

3. Three from irrespirable atmosphere behind a
poorly constructed barricade in 2 Scuth drift.

b. Seven barricaded in 3U drift and lived. Two of the
seven left the barricade after the explosion and were
met by a rescue crew 19 hr later at the shaft staticn.
Rescue teams reached the other five and brought them
to safety 50 hr after the explosion.

The probable (p) and the known (k) events during this disaster
were:

3:10 p.m. Mine foreman entered mine and checked shop area (k)
3:30 Miners entered mine (k)

"3:30-4:00 Miners bolted 3U face area; mine foreman tested
. for methane at 3U face (k)

3:30-4:10 Miners charged 43 holes in face of 2 South (p)

4:20 2 South face blasted (k)
4:40 2 South crew returned to face (p)
4:40 Explosion initiated in shop area (k).

Note:

Air flow measurements purportedly made 2 weeks before the
expleosion indicated 14,500 cfm returning from 2 _South. The
cross sectional area of 2 South averaged 160 ft2. The shop
area was 1800 ft from the face of 2 South. Therefore, gases
and blasting fumes from 2 South would reach the shop area
in about 20 min. Force directions and other evidence left little
doubt the explosion initiated in the shop area.

Post 4:40 in 3U - Seven miners and the mine foreman in 3U
knew something out of the ordinary had happened. Two of them
- had been knocked down by a strong wind. They got into a shuttle
car and began to ride to the shaft. They met two miners in the
3U0 drift. Thus, the group now consisted of 10 people. As they
traveled they heard a voice cry out, "I can't see." S8Smoke became
so dense they decided to abandon efforts to reach the shaft;
they began to walk back to a better atmosphere.
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Seven made it back to the 3U face. After two unsuccessful
attempts they built a barricade of cut-up pieces of flexible
vent tubing. One miner who went back into the smoke’ to get the
compressed air line found the other three miners lying on the
floor with their heads near the end of a metal ventilation duct.
He told them to move back to the barricade. They didn't ox
couldn't and died.

After several hours two miners left the barricade to try
to repair the compressed air line in case compressor air was
restored. Although they were in heavy smoke, their flame safety
lamp indicated sufficient oxygen.

These same two miners left the barricade again 15 hr later,
again using the flame safety lamp, in an attempt to repair the
compressed air line. They reached the shaft and banged with a
steel bar on a pipe in the shaft. This was not heard by the
growing number of people on the surface. Fortunately, a rescue
team sent underground at 11:30, the morning after the explosion,
found them. TFifty hours after the explosion, rescue teams reached
the five miners behlnd the 3U barricade.

Post 4:40 in 2 South - We know little of what the 5-man,
2 South crew did after they blasted the round at 4:20. Two
bodies were found 725 ft from the face; it appeared they died near
there when caught by the forces of the explosion.

Footprints of a third miner indicated he might have been
near those two at the time of the explosion and then walked
perhaps 400 ft intc a blind drift and then 1200 ft back to the
barricade in 2 South drift.

The barricade probably was built by the other twc miners.
They and the miner who had walked so far died behind the
barricade. The barricade only blocked part of the opening. They
had a flame safety lamp.

fﬁSEEEEIEE>Impact of SCSRs o

The seven who barrlcaded in 30 dld not need filter or oxygen
self rescuers. Had they not been so wise as to construct a good
barrlcade “{remember: they made three), SCSRs - would not have R
‘saved them (some SCSRs might prov1de up to 4 or | 5 hr of oxygen,
“not the 18 to 50 hr needed). ' T T 10
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If the three who died in 3U drift had worn or lcarried SCSRs, |

or if at least|10 SCSRs had been in the shuttle car, it is
reasonable to assume these three also might have reached the
safety of the 3U barricade.

FSRs might have also saved these three lives., Although
the CO and Op concentrations are unknown, the ability of other
miners to return to the compressed airline - and the flame
safety lamp -~ indicate that FSRs would have supplied adequate
protection.

| SCSRs. |
BLORS. A
a.

b.

If the three who died behind the 2 South barricade had

They would have died if they had remained there.

They might have lived had they gone to another location
or had built a good barricade. However, they did not
need SCSR's to find another location to build a good
barricade; they had a flame safety lamp and good
materials for barricading were ample. Remember, the
one who screamed, "I can't see," walked at least

1600 f£t.

. Thus, SCSRs might have saved three lives in 'this disas

Other Factors

Little had been learned from the gas ignition just 27 days

before:

.

Despite NO SMOKING orders and signs, some minhers
smoked while underground.

A well-equipped mine-~rescue station was maintained
at the mine. No team had been assembled.

Few persons knew how to test for gas and seldom did.
When gas was found (on oné occasion 4 percent methane
was detected in 3U drift) operations continued as

usual.

No positive steps had been taken to ventilate the
workings properly.

Refuge chambers did not exist,
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g;_;1ﬁ§ﬁi§ﬁéﬁt?énﬁfblééfiﬁg piaétices capable of igniting
methane were in standard use.

CALT:12 0 Dead Horse Ignition, May 20, 1970 (A-34)

fBackground

, Dead Horse Mlne was a mercury operation in Idria, CA. Lo
Information on this accident may be 1ncomplete, MSHA was notlfled .
‘24 hr after the 1gn1tlon, and, the mine was closed shortly after-
wards. The accident siteddstshowniin:Figure A-8.

1@~4&“—>

W

F /’{ Victinm

1" Drilling

t/ Alr Line

3" Vent
I= pama / Alr Line

1RRE

FIGURE A=8., - Accident . site of Dead Horse Mine Ignition. ;
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Dead Horse Mine was an exploration mine consisting of a
3150 ft long adit with two branching drifts. One drifg,
1200- £t long, connected to the New Idria Mine, and had one
raise. The other drift, 1000 ft long, had two raises; one was
idle; the other was the site of the accident.

A fan at the portal and in~line fans blew 4300 cfm through
l6-in. tubing. Air flows reversed when doors in the New Idria
Mine connection were opened. The raises! were ventilated by
3-in. hose from compressed air lines and by the l-in. drill
air lines.

Ground control, where required, was 3-piece timber sets
on 5-ft-centers with lagging. Dynamite, safety fuse and igniter
cord was used for blasting. Four miners were underground when
the ignition occurred.

The Accident

This ignition occurred at the face of the 4-stage-high
raise. One miner was waliting on the third stage for the other
miner to light the igniter cord. When the match was struck,
flames engulfed the entire area. The miner who struck the
match fell down the raise. The other miner climbed down and
helped his partner to the main adit where the other two miners
assisted both men out of the mine.

The miner who struck the match and fell 45 ft down the
raise received extensive first, second and third degree burns.
The other miner received spotty first and second degree burns.

>?otential Impact of SCSRs

Neither FSRs nor SCSRs were needed to protect miners in T

" this accident. They might have been needed had a larger body '

of gas been involved.

Other Factors

More positive approaches to safety would have been to test
for gas before and after blasting and to-provide positive and
adequate ventilation.
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A.7.13 No. 1 Incline Explosion, November 5, 1953 (A-34)

Background

The No. 1 Incline Mine produced gilsonite from 10— to 14-ft-
wide veins near Bonanza, UT. - Gilsonite is one of the most |
combustible materials mined; its ignition and explosion hazard
is far greater than that of any known coal dust. Mining in
prior years had a history of explosions from use of permissible
explosives and Cardox.

Gilsonite was mined by open-cut stoping. The mine was
naturally ventilated. Stulls on 25-ft centers were used to keep
the stopes open and when planked formed levels. Ore was mined
on 40 to 450 slopes by drilling and blasting with compressed
air shells. The broken ore slid down the slope to ore chutes
where it was loaded into a skip and hoisted to the surface.

The ore was dumped into a bin at the head house.

, Flgure A-9 shows general stoplng practlces at the time of

‘the accident; since then important changes have been made. Also ‘fﬁ )
shown are the surface facilities, place where the explosion L
"initiated, and the locations of the eight wvictims.

P The Accident

J; Shortly after 8:00 in the morning, the shift boss was riding

' up the slope on a skip loaded with ore. Within minutes he arrived -

L on the surface, walked 100 to 120 vards, when he heard what he
described as a high-powered rifle shot; the explosion followed
immediately.

The hoistman reported he dumped the skip the shift boss
P rode out; he returned the skip to the ore chute in the mine,
| hoisted it and dumped it; a 5-min task. TImmediately thereafter
Vo he saw a flame between the head frame and the hoist house.
P He quickly left and had travelled less than 100 ft when flame,
‘  timber and mine debris began to fall around him. Later it was
| learned that all of the timber in the mine, more than a million
5 linear feet, had blown out several thousand feet.

Efforts to reach the eight men known to be in the mine
proved futile because of the heat and flame. After 15 hr, two
miners wearing oxygen breathing apparatus were lowered in a
bucket into an open portion of a stope. Because of what they
saw, the absence of timber, a new shaft was sunk. The five
victims in the west slope area were found on November 20.

L S S
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100"
Scale f———ri
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(3) ~ - Extent of Flaze
—— ) 0 . Mined Out

FIGURE A-9. - Tocation of No. 1 Incline explosion.

The other three were recovered March 12. These three may have”if
died from CO, oxygen deficiency, shock, flying debris or com- . -
binations thereof.

‘Potential Impact of SCSRs

Auxiliary sources of oxygen would have been to no avail
to these miners. Eight were in the mine at the time of the
.explosion. Had any lived there would have been no chance for:
finding, let alone reaching, them for weeks to months. None of
the bodies indicated much time elapsed between the explosion
and death, though no autopsies had been performed. |
g T : % - N K

A.7.14 Sunshine Mine Fire, May 2, 1972 (A-8)

Background

Sunshine Mine produces silver, copper. and antimony at Big
Creek Canyon, ID. Figure A-10 shows the general outline of the.
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FIGURE A-10. - General outline of Sunshine Mine.

mine. Main access is through a 200 ft long adit to the Jewell -

Shaft; down that shaft to the 3100 and 3700 levels; then along
a 5000 ft drift to the No. 10 Shaft. The No. 10 Shaft collared -
at the 3100 level, and was the sole means to the working levels.

~Above the 3700 level the stopes were square-set and cut-and-
filled with waste-and rock. ~Lower level stopes were mined- by "
horizontal cuts with sand fill, Ventilation prior to and during
the fire was detq}led in the referenced reports. (A-9, A-10,
A-11, A-12). ’
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The Accident

Sometime between 11:30 and 11:40 a.m. smoke was seen flowing
out of a number of places on the 3700 level. Numerous people
began searching for the source. The air flow carried the smoke
tc No. 10 Shaft and then down to the lower levels. The chippy
hoist, which could transport 48 miners at a time in No. 10
Shaft, had to be abandoned; smoke was so dense in the hoist room

the operator had trouble breathing and could not see the control
dials.

] After fruitless search for the source of the smoke the senior
) official in the mine ordered evacuation. Stench was released into
* the compressed air line at 12:03; shifters and motormen went to

the working areas to call the miners out; and, the No. 10 Shaft
double-drum hoistman was ordered to stop hoisting ore and to begin
hoisting miners -- the first of nine trips began at 12:10.

The double-drum was used to hoist ore and waste. Single-

deck, 9-man capacity man cages were suspended. below ‘the skip imi -

~each of the two compartments. Because of problems encountered
in using the double-drum, one side was clutched out and 7 of the
9 evacuation trips were made with one cage.

The regular hoist operator became ill and turned the controls
over to his "partner". This second hoistman collapsed at 1:02;
the evacuation stopped; 60 miners remained on the lower levels.
In summary: ‘

a. Eighty miners were evacuated

b. Thirty-six had usedrfgig”\

c. TwO miners were reséﬁed %Yaays later
d. Ninety-one miners died.

The fire began as spontaneous combustion of timber in a
manway between the 3550 and 3400 levels, This caused a section
of the 3400 drift to collapse. The 3400 level was the main
return; the collapse occurred downwind of the 3400~1level booster
fans. This caused the return air to split, part of it now went
into old workings between the 3700 and 3400 levels, driving
smoke and fumes that had collected in those workings into the
main intake air flow on the 3700 level., The high-pressure air
from 3400 level accelerated flaming which then spread through
those workings and up into the 3100 level, the other main intake
for the mine. The rapid flows of old and new fire products made
every minute's delay critical.
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None of the survivors saw flame or felt abnormal heat. None
smelled the stench. The large toll of death could be attributed
to one or more of the following:

a. The 20-min delay in beginning evacuation
b. Abandonment of the chippy hoist
C. Not stopping the 3400-level booster fans

d. The illness of the first and collapse of the second
No. 10 hoistmen

o e. Miners not barricading. = -

The movements of some miners can be traced from information
in Table A-9. e v v s i

TABLE A-9., - Movement of some miners in Sunshine Mine

Miners. on lewvel . | Cage trips - _ Miners who died

Level prior to fire 1- to level on the level
Jewell Adit 1 - 0
3100 3 - 31
3400:iT1L i SRS RS PR B I,, )
e [ e 16
4000 1 1 0
4200 4 1 3
4400 8 1 7
4600 20 3 0
4800 18%* 1 7
5000 25 4 2
5200 21 0 21
5400 8 1 0
5600 . 1 0
5800 10 1 0

*Two miners on the 4800 level were?rescued 7 days later.
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Use of ‘Self-Rescuers

The Sunshine Mine fire is often referred to in discussions
of FSRs particularly their inadeguacies. The following infor-
mation is from detailed records made: during the intensive inves-
tigations that followed this disaster. Information on the use
of FSRs by 59 of the survivors 1n presented in Table A-10. 1In
summary :

a. Thirty-six of the 801m1ners who were evacuated og;~ ;
' May 2 used FSRsj;. 1nformatlon glven by 23 of those 36"

is 1ncluded in. Table 2-10.

b. Those 23 used FSRs for b to more than 90 min; some
used up to three FSRs during that time.

c. Those 23 were in smoke.without FSRs for 10 to more
than 80 min, during which time some stood next to
miners who died.

d. Many miners, including some who died, shared FSRs or .
obtained FSRs that had been previously used.

e. Four miners reported FSRs became uncomfortably hot.

£. Wet T-shirts and rags were "successfully used” in lieu
of ¥FSRs by at least nine survivors.

Potential Impact of SCSRs

FSRs or SCSRs could have saved the lives of all 91 miners
had they been properly used.. SCSRs would have been available
had they been stored at shaft stations. Because some FSRs were
available and were used at Sunshine, these are some wvaluable
lessons to be learned, some of which might also be applied to
the use of SCSRs. '

It should be noted that meost of the FSRs used were a 30-min s
type approved as BM-1447. That type did ot have a heat exchanger
which, in the presence of CO, would cause breathed air to be

20° to 50°F hotter than with presently-used FSRs.
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"Table A—lO contlnued

TABLE A- 10 (— Surv1vors of Sunshlne Mine Fire, May 2, 1972 (A-13)
Estimated Minutes
: Escape route| in smoke : .
Person to Jewell Without FSR | With FSR Remarks
Anderson, D. 5000-3100 30-45 15-25 FSR got warm as cup of stale coffee
Bailee, E. 5000-3100 > 60 . 0 Didn't use FSR because he wore
‘ dentures. At least 30 minutes in
| stope; may not have been in heavy
: 'smoke for the 60 minutes indicated.
Beeker, G. 1 3700-3100 50 a. Couldn't inhale through FSR; he .
' : could exhale. He and many others
left FSR's on cage when it got to
‘ : 3100; big pile of FSR's in cage.
Bennett, P. 3700-3700 10-20 0 Held breath; took first cage in
- Jewell Shaft at 12:45
Bennett, W. 3700-3100 45 0 Used wet T-shirt far protectlon
o Lungs hurt.
Benson, H, 3700-3100 S0 0 Used 09 bottles. Couldn't get
' ‘ air through FSR.
Bourgard, L. | 5000-3100 30-40 25 FSR did not get hot.
Breazeal, R. 4400-3100 . 20-30 0 Used O3 bottle.
Bruhn, C. 5000-3100 20 60 FSR got hot.
Bush, d. 2700- ‘ 50 0 Was in heavy smoke much of the
: time. Collapsed.
Clapp, D 4600-3100 >55 0 FSR wouldn't work
{Davis, E, 3700-3700 - 10 0
Dionne, H.- 37060-3700 >80 0 Severe headaches, dizzy, near collapse.
Dunlop, - L. - 3700-3700 0 0 Pulled 4 skips of muck after he
_ learned of fire. ,
Fenner, J. 5000-3100 50 45 Used 2 FSR's. Smoke nil to light
‘ : - ' on 5000. -
Findley, R 4500-3100 >80 5 Next to last person out. Used ;
' -wet rag.
Flory, R. 4800-4800 15 >30 Barricaded.
Follette, R. - 5000-3100 40 45 ' :
Fawier, H. 3700-3700 15 30 Took dentures out. FSR got hot.
Gardner, J. 4600-3100 45 25 FSR got hot.
Hansen, L. 4000-3700 10 0 Used wet rag. e
Harris, W. 4400-3100 50 0 o I : ' 1
Hawkins, L. 3700-3700 15 0 Wore OBA (oxygen breathing apparatus)
Henry, J. 5000-3100 - 55 0 part of time.
Jerome, T. 46040-3100 45 15 | Used wet T-shirt.
Kienholtz, E. 4600-3100 40 20 | FSR got hot.
Lamphere, J. 3700-3100 40 0 |
‘ Was i1l

Used wet rag, O bottle.
for a week.
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- Survivors of Sunshine Mine Fire, May 2,

TABLE A-10. 1972
(continued) -
Estimated Minutes
Escape route in smoke
Person to Jewell Without FSR | With FSR Remarks

Launhardt, R. Jewell~3100 0 0 OBA (oxygen breathing apparatus).

Markve, H. 5000-3100 30 30 Took FSR off frequehtly to talk.

MceCoy, R. 5000-3100 50 0 Used compressed air. Passed out.

MeGillverry, C.| 5000-3100 50 ] Used compressed air. Passed out.

McKeen, W. 3700-3700 <5 0 -

Mendy, H. 4600-3100 >30 0 Couldn't activate FSR.

Mendy, R. 4600-3100 >50 0. Couldn™t activate FSR.

Mitchell, W, 4400-3100 >30 0 Used compressed air.

Morris, R. 4600-3100 >50 0 Wet T-shirt. Couldn't activate FSR.

Mossbaugh, L. | 3700-31060 45 0 '

Napier, C. 3700-3100 >40 0 Wet rag; Og bottle; air hose.

Nickelby, R. 3700-3700 25 0 Used shirt. Two miners with him

' died. Strenuous aetivity.

Norris, F. 4600~-3100 40 15

Olson, H. 2300-2300 0 0

Oman, B. Jewell Q 0

Osterberg, G 4600-3100 40 20

Ostoj, R 4600-3100 40 20

Pederson, E. 2300-2300 0 0

Peterson, C. dewell 4 0

Peterson, G. 4400-3100 60 0 Used compressed air.

Rihtarshik, L. 5000-3100 50 10 Used wet rag and laid on ground for
other protection. PSR got warm, no
trouble breathing through FSR. Greg
Dionne activated FSR for him.

Sabala, T. 3700-3100 35 10 Vomiting, took FSR out of mouth 4 or)
5 times, laid on floor.

Schulz, B, 10 Shaft <10 >90 Used 3 FSR's: a new and a used
BM 1447, and a used W-65.
Removed FSR frequently to talk.

Seagraves, J. 4000-3700 10 0 ‘

Sliger, I, 3100- 30 10 First No. 10 hoistman. Used FSR
after leaving hoist.

Smith, A, 3100~ 50 0

Stevenson, 1. 3000- 60 10

Tucker, K. 3700-3700 45 0

Ulrich, N. 3700-3700 40 15

Watts, T. 5000-3100 30 20 FSR uncomfortable.

Wilburn, K. 3700-3700 40 10

Zingter, J. Jewell-3100 0 0
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Besides the BM 1447, a number of W-65 model FSR's were used.
Having two models caused problems; miners were observed beating
W-65's with wrenches and rocks trying to "activate them". A
W-65, however, does not have the "button" used to activate the
BM 1447,

The major problem w1th 'FSRs was keeEIEE‘Ehem in the mouth. B
This problem affected three groups. ;

a. Miners who needed, but did not have their'dentures.
b. Miners who had to vomit.

C. Miners who had to talk. Communications are critical
"in an emergency. Most of the miners reaching 3100
level had never been there before. They had to ask
directions; others had to give directions. One miner,
_Greg Dionne, is known to have given verbal instructions
to at least 20 miners in the use of FSRs; also, . he.';
~took at least six FSRs out of his mouth and gave, them-
to other miners.

I

A.7.15 Homestake Mine Fire, May 9, 1975 (A-4)

- Background

“Homestake Mlne, In Lead, SD produces 6500 tons of gold—-
bearing ore on two shifts a day. The ore bodies are mined
by horizontal cut-and-fill stoplng.' Sguare-set stopes with

_backflll ins are used in some areas; - ‘the fill often contains L
- sulfides, Many drifts above the 3500 level are heavily timbered;
rock bolts are the principal support in lower levels.

Three shifts, Yates, Ross and Number 5, were used to intake
air from the surface into the mine. Yates and Ross shafts also

“were used for h01st1ng miners, ‘supplies and ore. Two main sur-
- face fans exhausted air from the Ellison and Oro Hondo shafts.

These shafts and the great extent of this mine are shown in
Flgure A—ll -

A number of problems had developed in the mine that had
important effects on this accident.

a. The Ellison Shaft caved. The caving crushed out most
of the shaft timber support, and broken timber, rock,
pipe and electrical cable filled the shaft from the
3200 to 2600 levels.
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b. The caving damaged the fan at the top of Ellison Shaft.
This was one c¢f the two main exhaust fans for the mine.

c. With the Ellison fan not operating, air flow on the
3050 level, the site of the fire, was reduced from the
normal 19,500 to less than 2000 cfm.

a. This reduction allowed booster fans to induce a positive
pressure across all doors separating the Ellison ex-
haust system and the Ross and Yates intake shafts.
Consequently, leakage and products of combustion on the
exhaust—-air side could contaminate intake air flows
between the 3350 level and the surface.

The Accident

At 9:30 a.m. two mine officials, while walking on the 3050
level drift, saw sparks falling from the back of the timbered
drift. After spending 15 futile minutes, trying to obtain water
they donned their FSR's., The fire was beginning to spread
rapidly across the drift and had propagated 10 ft along the
drift. Very little smoke was being produced.

They ran through the fire, went down to the 3200 level, and
then to the phone at Ross Shaft from which they called the mine
superintendent. This was at 10:07, a 1/2~hr after they first
sighted the fire.

The mine evacuation plan was put into effect at 10:16.
Stench was released into the intake shafts, Yates and Ross. At
10:30 stench was released into the No. 5 Shaft and into the

compressed air line. Meanwhile, the booster fans on the 3500
and 3800 levels which were forcing smoke and fumes from the fire
into the main intake were shut down.

Smoke blocked the designated escape routes to Ross Shaft of
miners in the No. 3 Shaft area on 4100 level and on the 2150
level. Fortunately, this possibility had been considered when
evacuation plans were analyzed. So, when the trapped miners
called the Safety Department monitoring unit they were advised
of alternate routes which brought both groups to safety out
Yates Shaft.

The first cage load of miners reached the surface at 10:40,
a little more than 1 hr after the fire was first discovered
and 1/2-hr after evacuation was begun. The last cage load
reached the surface at 11:45 a.m.
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The employee count showed 608 miners had reached the sur-
face. Two miners were missing. Those two had been assigned to
a stope off the 4400 level.

Mine rescue teams wearing oxygen breathing apparatus were
directed to retrace the two probable escape routes that could be
taken by the two missing men. The teams followed those routes
and came to. their common meeting point without finding the two.
The teams .then proceeded to the assigned work place. There were
the two still working. The teams took them out; and, at 1:45 p.m.
all 610 miners were out of the mine. No smoke was encountered
by the mine rescue teams during their recovery efforts.

| Figure A-12 illustrates the extent of the fire. The
fire area was sealed; and, conditions indicated the fire had
been isolated - not extinguished - the evening of May 16,

7-1/2 days after flames were first observed.
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Potential Impact of SCSRs

Only two of the 610 miners used their FSRs. These were the
two officials who first found the fire. They said they put on
FSRg, not because they were needed, but as a precaution. Even
the miners whose escape routes were blocked by smoke did not
use FSRs.

Durlng the flrst several hours after miners began evacuatlon,
the maximum CO detected was 30 ppm in the 3050 drift. It was
not until 4:00 p.m. that as much as 700 ppm of CO was detected.
The oxygen concentration always was enough to sustain a flame
safety lamp. Vacuum samples collected that afternoon and evening
while the fire obviously worsened indicated from 16.7 to
20,9 percent 0O, in the immediate return from the fire. This
contaminated air had to enter the main exhaust system before it
could go to other parts of the mine. This would dilute the
fire products with several tens of thousands of cubic feet of
air per minute,

T FSRs, therefore, would have protected miners for fﬂé“ésﬂif“*

ditions that existed. FSRs could be expected to have protected

B o

" the miners even if the fire was as intense as it was later that
day.

Other Factors

One-half hour before the two officials found the fire,
another miner, a maintenance man, had passed through the fire
area and had observed nothing out of the ordinary. Thus, the
outbreak of fire was fortuitously witnessed almost at its
inception.

The order to evacuate, though delayed by a half hour, had.
been given as soon as the discoverers reached a station where
the information could be relayed to the surface. All subsequent
actions were prompt and positive.

A,.7.16 Magma Mine Fire, May 2, 1980 (A-6)

Background

Magma Mine is near Superlor,,AZ. Copper ore is mined N
from cut and fill stopes. The mine is developed to the 4100-ft
level; stopes between the 3300 and 3200 levels were inaccessible.

The fire was in an ebandoned stope off the 3320 Sublevel =
as shown in Figure A-13. This area had been mined using under-i
cuts w1th square- set supports followed by partlal sand fllllng g
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The Accident

During the afterncon of May 2, smoke in the form of a haze
was observed flowing along the roof of the 3320 Sublevel. No
sign of fire could be found. CO-detector tube readings were
below 50 ppm; and, instruments, placed in the immediate return
from this area by FMC Corporation under contract with the U.S.
Bureau of Mines, indicated no fire gases. Mine management,

therefore, believed the smoke was from recirculation of blasting
fumes.
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Monitoring continued throughout the week. At 9:10 a.m.,
May 7, mine management notified MSHA the mine was being evacuated
because of the increasing concentrations of smoke and CO on the
3320 Sublevel and adjacent working areas.

Bulkheads and seals were built and the entire area was
refilled with sand. By May 11, the open areas of the mine were
free of CO; samples taken within the sealed area indicated CO
had decreased to 3-0 ppm. The fire probably was initiated by
spontaneous combustion of exposed timber, the sulfides in the
orebody, or both.

VVPotentiaiilmpact of SCSRs

FSRs were not used. Dlscu551ons 1nd1cate they were not

| 'needed ét'any tlme. - — —_— —_—— I

Other Factors

Bulkheads and seals were constructed by mine rescue
teams. Although, initially believed not to be from fire, the
smoke and haze were closely monitored. When it became evident
that a potential problem existed there was no delay in evacuating
all persons. The evacuation plan for this mine considered many,
if not all, possible emergencies. Abandoned areas were regqularly
monitored by competent persons.

A.7.17 Beyer Mine Fire, January 22, 1978 {A-48)

Background

Beyer Mine produces limestone near Kansas Clty,,MO.
Rooms and pillars in the mine extend over 400 acres, much of Whlch
are abandoned. Access into the mine is through drifts.

The fire was not reported to MSHA, MSHA learned about it
from a reference in a newspaper. No one was underground when
the fire started.

The Accident

Smoke was observed issuing from several drifts. TLocal
firemen wearing Scott Air Pac's and MSA 30-min OBA's extinguished
burning after 6 hr of effort.



80

“Potential Impact of SCSRs

J R a— - = -

None.
A.7.18 Crescent Mine Fire, March 25, 1979 (A-58)

Background

Crescent Mlne,.ln Big Creek Canyon, ID produces 51lver
ore. 'This mine is typical of those in the Coeur_a_Alene silver
belt; mining is by the horizontal cut and fill on multlple
levels; considerable quantities of timber are present in upper
levels and shafts. The 12 level, where the accident occurred,
was abandoned except for electrical circuits up to 2300 volts.

The Accident

Two mechanics on the Hooper level smelled and saw smoke
rising up No. 1 Shaft. They immediately left the mine, arriving
within 5 min of the surface. No one else had been underground.
Mine management was notified,

Persons in the adjoining Bunker Hill Mine were immediately
evacuated to the top station of Bunker Hill No. 1 Shaft. Bunker
Hill Mine was checked and found clear of smoke and CO to the
connecting drift which served as the main intake to Crescent.

All persons, other than mine rescue teams with oxygen
breathing apparatus, were kept out of the Crescent and Bunker
Hill mines, until the fire was extinguished late that day.

The fire is believed to have been caused by a combination
of high humidity, a rockburst and collapse of a timber to which
‘an electrical conductor was stapled. Two sets of timber burned.

‘Potential Impact of SCSRS

FSRs were not used. Prompt, positive response to the problem

removed persons from any chance of danger. The fire was on the
return end of the ventilating network and thus was unlikely, even
had it been worse, to expose miners to danger provided evacuation
was prompt. JSCSRS, therefore, would have not been of use.’|
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A.7.19 Eagle Mine Fire, October 3, 1977 (A-59)

Background

Eagle Mine, in Gllman, CO, has been in contlnuous Opera~
tion since 1879. Zinc is the principal product, but lead,

copper and silver also are recovered from the Sulflde ore body.
The veins mined range from 50- to 200- ft-thick.

Main access into the mine is through the No. 1 Shaft. This
upcast shaft is 500 ft ‘deep. It extends to the 16th level. A
decline is used to gain access to the 20th level. The four
levels below 20 were mined out and flooded. The distance between
levels is 90 ft. TFour declines from the surface, dipping 12 to
17 degrees, are the intake airways. They contain no means for
transport other than walking,

Normally, the mine operates two shifts with 50 miners per
shift. Ore is mined by square-set stopes using gob caved from
the hanging wall for fill. Extracting pillars also requires a
large amount of timber.

The sulfide ore, sulfides in the hanging wall and gob fill,
and large quantities of timber present a major fire hazard.
Some abandoned stopes are bulkheaded off by wood sealed with
tar paper. Pipes through some seals allow sampling stopes for
oxygen and carbon monoxide. All mine officials carry CO detectors.
A number of old stopes are not sealed but are left open in hopes
the air flow will be enough to prevent spontaneous combustion.

The Accident

A motorman on the 19th level detected smoke at 9:00 a.m.
He immediately reported it to his foreman. The mine manager was
notified at 9:10. Shortly thereafter, the foreman was instructed
to activate the stench warning systems,

During those activities two miners from the 69-64N stope
came down to the 19th complaining they were sick.

All employees went to their level stations at No. 1 Shaft
which was on the exhaust air side. By 10:15, more than an hour
after smoke was first detected, the 50 miners were out of the
mine,
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Some miners then returned to the fire area, staying on the
fresh air side. The fire was in the 69-64N stope. The only
access to this relatively new stope in a virgin area of the mine
was off the 19th level. It had no connecticng to other levels;
therefore, it was relatively easy to seal and isolate,

While seals were being built, mining was resumed in some
stopes on the 19%th and 20th levels, the fresh air side of the
fire., Also, two drift miners were working above the 1l4th level
in return air containing 40 to 60 ppm of CO.

Potentlal Impact of SCSRs - = T T

, ~ FSRs were not used. This fire scenario, however, had 50
‘miners exposed to potentlally 1rresp1faﬁiéfatmospheres. With
the constant fire hazard in this mine and primary escape through
return air, |.SCSRs or other protectlon such as refuge chambers.

might be needed. a

A.7.20 Kelley Mine Fire, April 7, 1977 (A-65)

Background

Kelley Mine is described in the following section, A.7.21.
This fire involved the "Moose Shaft", a wood-lined, three-com-
partment shaft used as an exhaust for the Badger State and
Mountain Con mines.

The Accident

The headframe was observed burning at 9:30 in the evening.
Local fire units as well as company personnel fought the fire
for 3-1/2 days. The fire had been brought under control in the
headframe, but not in the shaft. It took another three days
to remove the smolderlng §6ftIEﬁE*STﬁEEEFEEETE*ITﬁlng

“Potential IﬁEEEE‘SE’sagﬁg“““"‘*“**—t‘tf'f* T S

"FSRs were not used. In as much as this was ‘part of the
‘exhaust system, miners in ad301n1ng mines were able to evacuate
w1thout need for protectlon.
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A.7.21 Xelley Mine Shaft Fire, June 27, 1977 (A-66)

Background

ThéiKelley Mine in Butte, MT was a major producer r of ‘
copper and silver ore from the mld 1800's until 1975. Since

then, the mine has been maintained for the future.

The site of this accident was a vertical three-compartment,
wood-1lined shaft used for intake ventilation. Levels from this
shaft extended into the adjoining Steward Mine.

The Accident

Smoke was observed at approximately 1:30 p.m. at the shaft
collar by a machinist working nearby. He attempted to extinguish
the fire with an extinguisher without success. He then called
the Butte City Fire Department.

Smoke was observed by four miners on the 3800 level of the
Steward Mine., They traced the smoke to the water drainage
tunnel leading to the Kelley Mine. They called the mine clerk
and then took a cage to the surface.

At 2:15 p.m. stench was activated. Within 30 min all
persons had evacuated the Steward Mine; no one was in the Kelley.
The fire was extinguished by 5:30 p.m. During those 4 hr
15 sets of shaft timber, about 200 ft of shaft, had been burned
Or‘charred

Potential Impact Of SCSRs .

Miners in the Steward Mine did not use self-rescue devices.
Although they had ready access to several intake air shafts, they
were fortunate that the fire was discovered before it became
fully developed. For example, burning timbers in a 200-ft
length of the three-compartment, wood-lined shaft could produce
1650 cfm of CO. To dilute that to below 1.5 percent CO, a

safe concentration for use of FSRS, requires 110,000 cfm of alr.-j

Other Factors

Fire in a downcast, wood-lined shaft presents possibly the
greatest fire hazard to miners. It contaminates the intake air
with,products of combustion and eliminates the shaft as a safe
means for escape.
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Should there be no fire doors and no other accessible intake
‘air shafts, the sole means for escape would be in air that contains

fire gases. Escape using FSRs depends on the CO and 02 _con-
centrations, which cannot be pre- determined. Escape using
SCSRs depends on how long oxygen is needed and on how much
oxygen was consumed durlng that time. These can be estimated
for some, but not all miners.

Means other than reliance on self-rescue devices are in-
dicated. Among those means are:

a. Fire doocrs activated by CO-sensing systems.

b. More than one intake air shaft or properly egquipped
refuge chambers.

A.7.22 New York Mine Fire, July 20, 1977 (A-72)

Background

New York Mine, an underground crushed marble operatlon, 4
was near Marble Hill, iGA. “The ‘mine was opened by a slope.. .

A raise from the mine 'went up into the abandoned Mcuntain Mlne-‘
that mine and breakthroughs intc adjacent, abandoned quarries
provided means for ventilation. The mine was developed by rooms
and pillars with subsequent benching.

The Accident

Two MSHA inspectors and the mine manager were making an
inspection of the mine. While testing the air in the escapeway,
the MSHA inspectors detected 5 ppm of CO. They left the mine.

All of the miners {24) were on the surface 1in the lunch
room; therefore, evacuation was not necessary.

A search found fire in a refuse dump in one of the adjacent,
abandoned quarries. The only access to the fire was through
the first level of the mine and across a sump filled with water.
Fire extinguishers and a water hose were transported to the
- fire on a life raft.

7Potentia-—l Impéc't'b'i’ SCSRsk

FSRs were not needed The max1mum co concentratlon was

5 ppm; the TLV for CO is 50 ppm. [ —
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A.7.23 Sllver Dollar Mine Fire, August 27, 1976 (A-80)

Background

Silver Dollar Mine is in the Coeur d'Alene region near

Osburn, ID. This mine produces lead and silver on an’'inter- ~
mittent basis. It must be maintained because it serves as an
exhaust airway and secondary escapeway for the Sunshine,

Coeur and Consolidated Silver mines. The hoisting conveyances,
sump pumps, ventilation system and escapeways were purportedly

inspected every 3 months by company personnel. The mine had

i 'not been inspected by MSHA. Figure A-l4’shows the portlon on of

the mine involved in this a001dent.

The Accident

Smoke was seen coming from the Silver Dollar Tunnel, Miners
were withdrawn from the Sunshine and Coeur mines. The Director
of Safety from Sunshine and an aide tested the atmosphere from

&—DPortal Silver 3pmalt Tunnel
9~—Silver Sumnmit Shaft
<«— Dortal Silver Dollar Tunnel
1300 Level L L Fire Area
B 4— Silver Dollar Winze
Vent
Ralise
, Fan
3000 Level
To Sunshine 3100 Level L . . . To Coeur Mine

.-FIGURE A-14, - Silver Dollar Mine fire area.
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the Sunshine 3100 level hoist room to the bottom of the Silver
Dollar Vent Raise and fan. At the same time, a crew, carrying
oxygen breathing apparatus, sealed the air doors ‘in the drift
connecting theféoéﬁf7and Silver Dollar mines.

For almost 5 hr. teams wearing oxygen breathing apparatus W
explored the mine. They encountered smoke which limited visibility
to 25 ft, but only 40 ppm of CO. The exhaust from the Silver
Dollar Tunnel, however, contained 125 ppm of CO.

The electrical power was de-energized. Shortly afterwards
the CO concentrations decreased steadily. The first MSHA
inspector arrived. Explorations continued. Twenty hours after
smoke was first sighted, the fire was found in . timber ground
supports around the Silver Dollar Winze hoist., Thirty hours
after smoke was first sighted the fire was extinguished.

The probable cause for the fire was either radiant heat
from a lamp igniting wood or an electrical short circuit
igniting wood.

Potential ImbaégﬂofrgbéRa

FSRs were not needed, thus SCSRS would not have been ‘ ﬁ
‘needed. . e

Other Factors

The immediate evacuation of all miners from connecting
mines was a positive demonstration of rapid and correct response
to a potential fire. This fire was quite typical of many fires
involving wetness and wood. That is:

a. Fires frequently are initiated by moisture of water
causing electrical short circuits.

b. Heat or flames from a short circuit can ignite even
wet wood.

c, Burning wet wood produces considerable smoke, but low
concentrations of oxides of carbon.

d. Small fires in multi-level mines can be difficult
to locate and extingquish.
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A.7.24 Belle Isle Mine Fire, March 5, 1968 (A-45)

Background

Belle Isle Mine produces salt from a dome near Morgan

Clty;'LA.; The mine has two levels. TRooms and headings are

"developed 63- £t wide and 22 ft high on the upper level, When ~

the planned extent of a room is reached, the bottom was benched
leaving 82 ft high openings.

A single shaft, 1250 - ft -deep, contained two timbered com-
partments, The upcast compartment provided two skipways and
electric power service. The downcast compartment had a self-

service auxiliary cage for personnel. Figure A-15 shows the
mine and some of the important events in this accident.

The Accident

A fire occurred at about 11:30 p.m. in the lower part of the
shaft. None of the 21 miners underground at the time survived:
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a. Sixteen died together, 3000 ft southeast of the mine
shaft. They were found 61 hr after the fire.

b. Four died together 2300 ft southwest of the mine shaft;
300 ft farther in was the fifth victim. These five
were found 63 hr after the fire.

The maintenance crew on this shift was lubricating the
skips, skip-loader and making needed repairs. At 11:25, the h01st—
man received a telephone call warning him that the shaft was on
fire; the skip was lowered, but the crew could not get on because
it was on fire. :

Last communication with those underground was the directive
to "Pour some water down the shaft.” Underground power was cut
off just before midnight., Pumping water continued until the
next afternoon when it seemed the fire was extinguished The
firgt mine rescue squad went down in the mornlng of March 7,

31 hr after the fire began.

No footprints could be seen on the soot-covered floor.
However, the miners obviously had made a major effort to fight the
fire because they brought front-end loaders and trucks from the
mine workings to dump salt into the shaft.

Recovery proceeded slowly because of the mine temperature
(92 to 100°F), high humidity and the effect of the salt-laden
air on the breathing resistance of the Universal gas masks used
by the rescue teams. Salty moisture also fouled walkie-talkies
and gas detection instruments; for example, actual CO concen-
trations were greater than 3000 ppm, whereas colorimetric and
length-of-stain detectors indicated less than 1000 ppm of CO.

| Potential Impact of SCSRs

All but one miner died from CO poisoning 6 to 7 hr after
the fire; the 2l1st victim died from a skull fracture.

| 'SCSRs, had they been avallable, would not have saved llves g
Rescue took more than 60 Rr. For the conditions existing, it
would not have been possible for rescue teams to enter the mine
within a few hours after the fire started.

| FSRs were not used. The fact that miners lived. for at

least 6 hr indicates the probable CO concentration was 550 to
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650 ppm. The chance for an oxygen deficiency was low; flame
safety lamps carrled by mlne rescue teams stayed lit Thus,

"had a way out or é place of refuge. T
A.7.25 Belle Isle Mine Fire, February 2, 1979 (A-47)

Background

Belle Isle Mine was described and illustrated in sub—
section A.7.6 and A.7.24.

The Accident

The fire was at the bottom of No. 1 Shaft. That shaft is
upcast, 1163-ft-deep, and concrete lined. The diesel fuel line
comes down this shaft; and, the diesel fuel storage tank is at
the 1163 shaft station. The two hoisting compartments in the
shaft fill approximately two-thirds of the cross section. Two
skip-loading bins are 20 ft beneath the 1l63-ft-level. Salt
is transported from the "reclaim area" by a conveyor (see the
drawing in the January 9, 1979 synopsis). The fire began at
the head pulley and burned 13 ft back against the ventilation.

The fire was first noticed at 7:30 p.m. Evacuation was
begun immediately and completed within 40 min. The fire crew
extinguished the fire by 1:00 a.m.

bofentiél Impact of SCSRs

§ FSRs were not used. The fire was in the upcast shaft. It
posed a hazard to persons underground only if the main mine fan
stopped. 'The fan, then on the 1221 level near the No. 2 down- h
cast Shaft, could not be affected by this fire. The fan is now

on the surface; thereforE,;SCSRs would have not added to safety '
in this accident. - B T

A.,7.26 Bunker Hill Mine Fire, June 28, 1978 (A-49)

Background

»

Bunker Hill is an underground silver mine near Kellogg, ID.
Ore is mined from overcut and fill and square-set stopes
developed along the strike of the veins. The No. 3 Shaft,
the site of the fire, is vertical and wood-lined, Information on
this fire is incomplete, and limits analysis to broad generalities.
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The Accident

Rail in the No. 3 Shaft was being cut. Molten pileces of
metal dropped down into the shaft. Timber below the 1300 level
ignited. All employees were evacuated from this and the connecting
Crescent Mine. A rescue team wearing oxygen breathing apparatus
extinguished the fire., The team purportedly did not detect toxic
gases.

Potentlal Impact of SCSRS

Self-rescuers were not required. SCSR, had they been needed,
could have been obtained from storage caches.

Other Factors

Fire in a downcast, wood-lined shaft, such as No. 3 presents
possibly the greatest fire hazard to miners. It contaminates
the intake air with products of combustion and eliminates the
shaft as a safe means for escape. The prompt, positive reactions
of miners to this fire diminished that potential.

Should there be no fire doors and no other accessible intake
air shafts, the sole means for escape would be in air that contains

fire cases. Escape using FSRs depends on the CO and O con-
centrations, which cannot be predetermlned Escape using

SCSRs depends on how long oxygen is needed and on how much

oxygen was consumed during that time. These can be estimated for
some, but not all miners.

Means other than reliance on self-rescue devices are
indicated. Among those means are:

a. Fire doors activated by CO-sensing systems.

b. More than one intake air shaft or properly equipped
refuge chambers.

A.7.27 Climax Mine Fire and Explosion, July 8, 1964 (A-54)

Babkgrouﬁd

Climax Mine near Leadville, CO, produces molybdenum mainly'
by the block caving method. This mine has been involved in more

than 40 years of cooperatlve research descrlbed in numerous USBM-
publications. [ - R

Figure A~16 illustrates important features-in the affected
area. B L
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A single vertical shaft from the surface to a depth of 65 ft
delivered 240,000 cfm of air into two parallel raises, called
the North and South chippy raises, which form the main intake.
Each raise, about 500 - £t long, had manway and muckway com-
partments and were timbered by sguare sets and cribs. These
raises came together at the fan station on the Storke level.
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The South chippy raise also contained the following:

—"a. Coaxial cable and single lines. :
|

b. Telephone line in conduit. !

c. Two 440-volt feeders each consisting of three single ;

conductors in conduit. <

i
d. Two 13,800-volt armored cables. :
e. A 1l2-in. compressed air line.
S f. A 3-in, water line.

At the time of this accident 263 miners were on the Storke
level and a large number were on the Phillipson level and in |
other areas. :

The Accident -

A 2-man crew, welding and cutting above shaft (a), observed
flames being sucked down the shaft. They gave alarm at 9:55 a.m. |
and got fire extinguishers. At 9:55 a.m. the compressed air line |
in the South chippy raise ruptured. A clock on the Storke level
stopped at 10:08.

Some miners on the Storke level detected smoke sometime
between 9:30 to 2:45 a.m. While three of those miners were looklng
for the fire, an explosion occurred. Flying debris killed one
and serlously injured another. Four bulkheads and the Safety, |
Room were; destroyed : ,

Other miners came onto the scene, removed the dead and
injured men. All miners were out by noon, 2 hr after the fire
alarm was given. At 10:45 p.m. rescue teams from another mine
arrived with oxygen breathing apparatus; only 2 of the 2054
employees at Climax knew how to use breathing apparatus. The
apparatus teams built four seals.

From later studies, it was determined fire was in the South
chippy raise, but none in the North, Limited evidence based on |
forces indicated the explosion may have originated in one of the [
chippy raises or near the fan. The cause for the explosion 1
had never been determined. Strata-produced flammable gas or «
combustible dust are not likely fuels because of the ventilation
scheme, shallow cover and distance to active and abandoned areas.
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It could be assumed, without fact, the explosion might have
originated in the South chippy raise if air flows through that
raise were reduced markedly, allowing subsequent rapid thermal
expansion or ignition of an explosive-concentration of CO
evolved from wood, or a combination thereof.

'Potentlal Impact of SCSRS o -

Nelther FSRs or SCSRS were needed.

Other Factors

A chance change in events could have caused much of the area
to be engulfed by a potentially irrespirable atmosphere and '
endangered many of the several hundred persons underground.

Among the chance changes would be:

a. Fire in the North instead of or in addition to the fire
in the South chippy raise.

b.  The four bulkheads not being:destroyed,gii
c. Blasting agents in the damaged magazine exploding.
a. The fan being restarted.

A.7.28 Lucky Friday Mine Fire, December 17, 1980 (A-68)

Background

The Lucky Friday Mine is in the Coeur _d'Alene reglon near

"Mullan, ID. Silver and lead are mined from overcut and fill
~stopes. The fire was in the No. 2 shaft, a downcast, three-
compartment vertical shaft used for hoisting to the surface

and for services. The shaft is supported by timber sets and lacing
throughout its length.

The Accident

Day shift mechanics using an oxygen-acetylene torch cut
six bolts off the south compartment skip shcoes in No. 2 Shaft.
The relationship of that work to this accident 1s not conclusive.
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At approximately 10:30 p.m., the evening shift mine supervisor
smelled smoke at the 3050-level station. Unable to find the source,
he went to the surface to discuss this with the foreman. He,; the
foreman and shaft repairman examined the shaft to the 3200 level,
but could not find fire though they could smell smoke. During

that examination the foreman instructed the shifters to assemble
their crews at the shaft stations and await further instructions.
Ventilation doors on the 3050 level were opened to exhaust smoke
out of the area.

The stench system was not activated because the foreman
did not want to panic personnel underground and location and extent
of fire had not been determined. One mine rescue team was ordered
to stand by on the surface.

After further, fruitless search other than smelling smoke
coming up the shaft against the ventilation, the foreman ordered
the 100 miners to be hoisted out of the mine and the shaft
sprinklers to be activated.

Evacuation started at 10:50, 20 min after smoke was first
detected. The first level to be evacuated was the lowest, the
4600 level. Hoisting was stopped when sparks were seen falling
down the shaft. After checking the shaft and finding neither
sparks falling nor their source, hoisting was resumed, All
miners were evacuated by 11:55, almost 90 min after smoke was
first detected, '

The foreman and shaft repairman put a work deck on the
north compartment conveyance and, with two 10-1b extinguishers,
proceeded to check out the shaft. The fire was located within
200 ft of the shaft collar. After consuming the contents of the
two extinguishers, then a third, they removed some charred wood,

hosed down the wood in the 1mmed1ate area,uand removed all
visually charred wood: e

. One 8 in. x 8 in. % 5 ft timber

One 3 in. X 8 in. scab

S5ix pieces of lacing, 2 in. x 10 in. x 5 in

One 10 in. x 10 in. wall plate

O o 0 U o

. One 8 in. x 10 in. divider.

Assuming the wood was subjected to flame or sufficient heat
to cause charring for 12 hr, 235 ft3 of CO could be produced
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(0.3 £t3/min). That quantity can be diluted to below the TLV

{50 ppm) by 6500 cfm of air. Because wood was partially consumed
only and the quantity of air was considerably greater, the CO
from this fire could not have presented a hazard. ’

Pdﬁential Imgact of SCSRs 7

FSRs were not needed.

Other Factors

Fire in a downcast, timbered shaft, however, is the most
dangerous type of fire likely to occur in a mine, It is reason-
able to assume a more severe fire failed to develop because most
of the wood was exposed to a large flow of air which, by re-
moving heat, maintained thermal forces and radiation intensities
at low levels.

Were radiation intensity typical of mine fires, the 8 in.
X 8 in. 5 ft timber would have been consumed rather than charred .
in fewer than 6 hr and the other pieces in much less time.

A.7.29 Magma No. 9 Shaft Fire, March 22, 1973 (A-69)

Background

Magma No. 9 Shaft was being sunk to be the main production
and service shaft fo the Magma Mine. The mine, near Superior,

. Arizona, is described in subsection A.7.16 and is out}ingdrig““,‘j*ﬂ‘

lined with concrete.

Figure A-17. No. 9 Shaft is downcast, 22 ft in diameter and

The Accident

At 1:20 a.m. 161 persons were in the Magma Mine and 7 in
the No. 9 shaft. Two acetylene and four oxygen bottles were on
the work cage 4750 ft below the collar of No. 9 Shaft. One
acetylene bottle caught on fire.. Failing to extinguish the fire
and turn off the bottles, the seven miners climbed up shaft
ladders to the 4100 station, 50 ft above the cage.

\ This station was not connected into the mine: no air
flowed below the 3600 level. Waiting for help, the miners used
compressed air for breathing. Shortly afterwards there was a
series of explosions followed by hotter air. A bucket was
lowered and the seven reached the surface at 2:10 a.m., 50 min
after the fire started.



96

=
(o]
e s}
=
o
N
=
(=)
pod

No.7 0.5

2
~

-z

\“’.

\/<\%d A\\

\

A
N
n
4>
(=]

2000,
Level

/s

3060 3000°
Level

RV

4000
Level

VY

Origin of Firve—}
FIGURE A-17. - Magma Mine.

At 2:30 stench was released into the Magma Mine compressed
air lines. All 161 miners in the mine were at the No., 2 and 3
intake air shafts by 3 a.m. ~

Miners were sent back to their working places at 4:30 a.m.
The fire was extinguished at about that time.

Potential Impact of SCSRs | e

FSRs were not used. They might have been needed by the = = _

seven miners in No. 9 Shaft. An oxygen deficient atmosphere was
not likely in the shaft and mine; available fuel was too small
in quantity and the available air flow was too great, at least
to the 3600 level.
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The need for an auxiliary source of oxXygen is not indicated.
Had such been needed, the seven miners in the shaft would have
had to have the source immediately available.
A.7.30 Miller Mine Fire, August 8, 1980 (A-70)

Background

Miller Mine, in Altaville, California, is an exploration _
operation. It consists of a decline tunnel, 1229 -ft -long,
driven in sand and gravel. The main fan, pushing 40,000 cfm,
is in-line with 42-in, vent tubing; two other in-line fans are
used to direct the air to the face.

The ground was incompetent and had been supported by
timer and steel. The ground, 480 £t to 570 £t from the portal,
collapsed. The void was filled with bales of straw on top of
the mine timbers. Creosoted timber cribs were built above the
straw to help support the back of the case. The fan duct, air
and water lines were disconnected outby the cave.

The Accident

About 10 hr after the cave void was filled, sparks from a
cutting torch caught a bale of straw on fire. The fire was
extinguished three times with dry chemical extinguishers. When
it burst into flames the fourth time it got too smokey to see
and hard to breathe.

The 15 miners purportedly left for the surface. When two
got about 100 ft from the fire they connected a hose to the water
line and returned to the fire. When the water was turned on
they discovered there was no pressure. The two miners went to
the surface and found the water line broken at the water truck.
The truck was backed down the decline to supply water. Because
of the dense smoke they couldn't get to the fire. All miners
then evacuated.

-The mine was sealed. Many different techniques were used
until November 24 when it was determined the fire was either
extinguished or isolated.

One of the 15 miners used an FSR. Despite the dense smoke
and the fact that all post-fire activities were in the return
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air from the fire, no one was injured. This, however, was
fortunate rather than to-be-expected. Most of the products from
burning straw and creosoted timber probably stayed in the void
or escaped to the surface through cracks and fractures above

the void. :

Had much .of the .fire products entered the tunnel,iFSRs
might not have protected the miners. The CO-production and 02
depletion capability of the great quantity of straw and timber
could create a CO concentration exceeding 1 percent and an oxygen
_concentration below 10 percent. That would have required use

~_of SCSRs g;_g;her auxiliary sources of oxygen., For the actions’

" of these 15 miners the oxygen source would have to have been
close at hand, if not worn, to be of use.

A.7.31 Reserve Mine Fire, April 5, 1976 (A-75)

Background

Reserve Mine, near Jeffrey City, Wyoming, is part of an
interconnected complex of uranium operations which include the
Golden Goose No. 1, Seismic, Congo Incline, and the Sheep
Mountain-Highland mines. This multi-level operation is mined
by open stopes and random pillars. The complex is ventilated
by air entering shafts and exhausting through boreholes. Bore-
heoles range from 18 to 72 in. in diameter and 300- to
1225 £t deep.

The Accident

A miner, approaching the Reserve Shaft on the No., 2 level
from the Golden Goose No. 1 Mine, detected smoke. He found
the smoke coming from a fire in the shaft skip pocket and man-
way. He was unsuccessful in extinguishing the fire with a dry
chemical extinguisher.

He telephoned to the surface and was told to evacuate the
. mine. Crews for the Reserve and GColden Goose No. 1 mines were
still on the surface; the Seismic Mine crew was underground.
Stench was dumped into the compressed air line. The Seismic
Mine crew was out of the mine in 22 min.

The fire was believed to have been ignited by hot welding
slag the preceding day. The exterior faces ofﬁgigggr in the man- }
way had burned for a distance of 24 ft.
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Potentlal Impact of SCSRs

FSRs were not used or required,.

Other Factors

FSR's or SCSR's might have been needed had the fire been
more intense and the response less fast. The Reserve Shaft
was downcast, which would force products of combustion into
some of the workings in this complex of mines.

A.7.32 8tar Mine Fire, January 20, 1971 (A-8l)

Background

Star Mine, at Burke, Idaho, is aiCoeurLd'Alene lead, zinc
and silver operation. The fire occurred on the 6900 ft level.
The stopes to this level had been mined; and, the untimbered
drift was being prepared for sand filling. For this, two miners
were building a wooden retaining dam 1000 ft from the shaft;
two others were cutting pipe hangers 250 ft from the shaft; and,
a motorman hauled pipe joints and rail to the shaft. Ventilation

was provided by air blown through a 20-in. diameter duct made of @

flberglass and polylite polyester reSLn The affected area is

shown in Figure A-18.

The Accident

Hangers from the 2- and 3-in. pipes were being cut with an

oxygen-acetylene torch. The ventilation duct, above the pipe,
burst into flames. The two miners attempted to knock the duct
down; failing that, they tried to extinguish the fire with rags
wetted in the drainage ditch. They did not use the fire ex-
tinguisher on the welding cart which was right there.

Unable to control the fire, one miner started to warn the
two miners building the dam, 750 ft downwind of the fire. After
going perhaps 50 ft he had to retreat because of excessive
heat and smoke, Mine officials were telephoned at 1:30 p.m.,
1/2 hr after the fire began.

A mine rescue team with oxygen breathing apparatus began
fighting the fire after 3:15 p.m. The fire was extinguished
quCkly, 400 ft of duct “had burned.
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The two miners building ‘the dam obviously were aware of the
fire. They were in the direct flow oath of the products of com-
bustion and heat. There were no parallel entries for them to
get around the fire.. Their bodies were found 400 ft from the
dam, just inby the end of the fire. Autopsies indicated both
suffered from the effects of heat in the lungs, throats and
mouths. The cause of deaths were reported to be suffocation
due tc exposure to conflagration. The rapid onset of rigor
mortis indicated CO or oxygen levels were not likely important
causes. «

Potential Impact of SCSRs

It is not poésible to say these two lives would have been
saved had the miners donned and activated SCSRs.

a. It is reasonable to assume they were aware of the
fire within minutes of its start.

b. Théif dnly route to safety was through the "excessive
~ heat" that forced one mlner to stop his effort to
Zﬁreach them.y%

c. We do not know if SCSRs can be used in - let alone

withstand - "excessive heat."
d. If SCSRs could be used they had to be immediately
available.

Other Factors

For this fire, a more p051t1ve approach to safety than
SCSRs would have been:

a. Use of ventilation tubing that met the requirements
of 75.302, 30 CFR.

b. Miners being well aware of and trained in firefight-
ing procedures appropriate to their work assignment.
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A,7.33: USBM No. 1l Shaft Fire, December 6, 1978 (A-35)

Background

This shaft was descrlbed and lllustrated in subsectlon A.T7.7.
The site of this fire was the face of the development drift off
Level 5, The 10 by 10-ft drift had been advanced 80 ft from the
shaft level.

The Accident

The midnight shift crew primed and charged 38 drill holes
with permissible explosives. Eleven of the holes were wired into
the blasting circuit. The miners went to the surface where blasts
were initiated. After 30 minutes, two miners returned to the
drift. The air smelled odd and the upper half of the drift was
filled with smoke. They noticed a fire in the face area.

Efforts to extinguish the fire by stamping on it were futile,
The miners left the compressed air line blowing and returned to
the surface. Management ordered no one to/enter the mine.

Samples taken at the shaft collar indicated 30 ppm of CO.
The following afternoon CO readings indicated the fire was worsen-
ing; therefore, the shaft was flooded

~ Potential Impact of SCSRS '7*fhf e T T T e e

B FSRs were hot used or requlred

Other Factors

Conditions prevailed that could have led to a more serious
fire while miners were underground, if not to an ignition as well
as fire. Had conditions worsened, SCSRs might have been needed.
Then, they would have to have been immediately available.

A.7.34 Water Lilly Mine Shaft Fire, January 19, 1979 (A-36)

Background

Water Lilly Mine 1is near DlVldend Utah. It was opened in
the 1920's; no ore was produced and the mine was abandoned, It
consisted of a vertical, wood-lined, 3-compartment shaft to a depth

- of 1450 ft with a 1000- ft long drift off the shaft bottom. Through
the years t the shaft timber rotted and the sides caved In 1976,

‘shaft rehabilitation was begun. For this, a 24-in., diameter
entllatlon duct was extended down the shaft as it was reclaimed.
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The Accident

Two miners were loading muck at a depth of 850 ft into a

bucket. They had to use an acetylene cutting torch to cut a pipe.
Shortly afterwards they noticed a small fire.

The miners went to the surface and gathered all fire extin-
guishers available. They returned to the bottom and attempted to :
extinguish the fire, but without success. They returned to the i
surface. Water was pumped through the existing water and com- ‘
pressed air lines. After 10 hr the CO exceeded 700 ppm. After .
three days of pumping water (more than 100,000 gallons) and high- \

expansion foam (280 gallons of foam concentrate and 11,200 gallons i
of water) the fire was extinguished.

Potential Impact of SCSRs

|
FSRs were not used, )

Other Factors

SCSRs would have had to be immediately available, probably
worn, .if the atmosphere became dangerous while the miners attempted
direct attack of the fire. SCSRs, however, are intended for escape
only; they should not be used by non-mine rescue trained persons
for fighting fire. '

—_ — —— e e —_— - - _ PR l
Bellefonte Mine Fire, June 8, 1976 (A-44)

KT

Background . T

Bellefonte Mine produces limestone from large open stopes near
Bellefonte, PA. Fans ventilating the mine had stopped at 5:00 p.m.
because of a failure at the power generating plant. At 8:00 p.m.,

the two miners involved in this accident were drilling blast holes
in a stope undercut.

The Accident

'The'power failure caused a short circuit in a slusher motor i
causing the motor to burn. The fan outage was compounded by a i

reversal of air in the stope, and perhaps elsewhere. Three hours
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after the fan stopped the two miners stopped drilling in the stope
undercut because of increasing throat and lung irritation. The
foreman sent them to the surface. One of them, at 11:00 p.m.,
went to the hospital; X-rays indicated no problems.

Potential Impact of SCSRs

SC8Rs would have not prevented this injury. The injured miner
was unaware of the need for protection.

Other Factors

Given the same set of circumstances except for a larger fire,
one of the following would have been required:

a. SCSRs or FSRs would have been needed by more miners

b. Miners should be withdrawn from the area in a mine or
from a mine affected by failure of the ventilation
system,

A.7.36 Belle Isle Mine Fire, January 9, 1979 (A-46)

Background

The Belle Isle Mine was described in subsection A.7.6.
Figure A-19 shows the mine and the site of this fire. The
_conveyors shown are four of five sections used to transport

salt from the reclaim area to skip loading bins. In No. 1 Shaft =
all were 30 in. wide. The inclined belt to the left was MSHA-
approved as fire resistant. All five were consumed by the fire.
The conveyors were in timbered tunnels formed by cutting 12-ft
wide by 12-ft deep channels in the floor of the 1221 level. The
channels were covered by 3 x 8-in. tongue-and-groove lagging sup-
ported on 10 x 12-in. stringers and posts. Three Freecon high-
expansion foam systems with heat sensors on 8-ft centers had been
recently serviced by a fire specialty service firm.

The Accident

The oncoming day shift approaching the mine saw white smoke
in the air exhausting from the No, 1 Shaft. No one was underground,
though a midnight shift is often used. ‘

Because no one was in the mine, the power was turned off.
Power to the main miné fan, underground on the 1221 level, was
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disconnected. Power to the fan was restored two hours later. Mine
rescue teams wearing oxygen breathing apparatus subsequently ob-
served burning timbers in the reclaim area; the wood structure over
the conveyors had collapsed.

Attempts to manually activate the high-expansion foam system
were not successful. Partial seals were constructed.  Portable -

extinguishers were consumed. By evening, heat and CO from the
fire had increased considerably.

The diesel fuel line in No. 1 Shaft was changed to a water
line, Rubber hose was extended from the fuel line. That, too,
had no important effect.

By noon the next day, most of the conveyor belting had been
consumed. The following days involved building salt seals, filling
accessible voids with salt, and wetting down the area. Four days
after it was first observed, the fire was brought under control
and subsequently was extinguished.

Potential Impact of SCSRs

No need existed for an auxiliary source of oxygen for escape.
Had persons been underground at the time of the fire they could
have been evacuated without difficulty through the fresh air
escapeway and No, 2 Shaft.

A.7.37 Bunker Hill Mine Fire, November 15, 1979 (A-50)
Background

___The No. 2 shaft, the site of this accident, is a 3-compartment
shaft inclined at 45°, and is used primarily for man and supply -
___hoisting., Shafts in this mine contain great quantities of timber.

- -

The Accident

At 11:40 a.m. a mechanic on the 1700 level of the No, 2 shaft
smelled and saw smoke seeping through ventilation doors near No. 2
Shaft. The stench warning system was activated within minutes.

By 12:05 several rescue teams with oxygen breathing apparatus
were ready to enter the mine. The 244 persons underground were
evacuated by 1:25, 1 hr and 40 min after stench was released. A
helmet crew quickly located the source of the fire, determined it
and extinguished, and patrolled the air courses.
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The fire was caused by a phase fault in the motor for a pump.
Instantanecus trip breakers at the 900-level substation deenergized
power to the pump. The pump was one of three in a concrete-lined
room off the main 1700 drift; the room was 50 ft deep, 12 £t high,
and 15 ft wide.

Potential Impact of SCSRs

FSRs were not used by miners during their evacuation. SCSRs,
therefore, were not needed.

Other Factors

The fire was small and confined within a fireproofed area.
Had, instead, the fire been in the shaft or a stope, for example,
the 1 hr and 40 min taken for evacuation might have created the
need by some miners for an auxiliary source of oxygen or other
means for protection such as refuge chambers or safe-air compart-
mentalized areas on levels ventilated by a single split of air.
SCSRs, had they been needed, could have been obtained from
storage caches. ‘

One possible, but not determinable reason for the long time
taken to evacuate the mine was the time of the accident - 11:40 a.m.
That is, some miners may have been eating lunch (lunch between
11:00 a.m. and noon is not uncommon) and therefore were not using
compressed air at the time stench was dumped into the system. A
possible important cause for the high toll of deaths in the neigh-
boring *Sunshine Mine, during the fire on May 2, 19272, was many
miners were eating lunch at the time stench was allegedly dumped -
not one individual testified that he learned of the fire through
the stench warning system.

A.7.38 Cabin Creek Mine Fire, April 16, 1977 (A-51)

Background

Cabin Creek is an underground limestone mine near Plumville,
Kentucky. Intake air was pulled into a 900-ft deep shaft, coursed
through the rooms and pillars, and blown up an 18° inclined,
2823~-ft long slope. The rooms and entries in the mine were gen-
erally 9 ft hlgh by 15 ft w1de. The part of the mine most
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FIGURE A-20. - Cabiﬁ Creek Mine fire area.

The Accident

An electrical fault occurred on a 5000 KVA circuit at the
bottom of the main power bore hole. The fault, initially phase-
to-ground, escalated intco phase-to-phase after both the main air
break and oil circuit breakers failed to open. At 3:40 a.m., three
attempts were made to close on the fault at the utility company
generating plant.

Thirteen miners were in the underground lunchroom 30 £t outby
the borehole. They heard three loud noises, probably from the
three attempts to close on the fault. One miner looked out and
saw flames filling the electrical switchgear area. The 13 then
left, some traveling through smoke around the power borehole and
others in generally clear intake air to the slope. There they
were met by the 14th man, the foreman. After failing to contact
the hoistman all 14 walked up the incline through smoke which
"limited wvisibility to seeing a cap lamp six feet away."

Best estimates indicated the 14 miners were in smoke and
electrical-fire products for 30 to 50 min. Two miners wore FSRs
from the time they first became aware of the fire until they
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fjreaéhed?the surface. Neither had problems breathing through their
'FSRs; neither required medical attention other than a check-up.

Four miners left their FSRs in the lunchroom. These four
required emergency oxygen when they reached the surface and were
hospitalized for serious smoke inhalation and CO poisoning; they
were released from the hospital 55 hr later.

Five miners put on FSRs while walking up the slope; however,
they did not remove the bottom cannister. All five complained of
the high resistance to and difficulty of breathing through the
FSRs; they said they frequently "spit out" the mouthpiece, putting
it back in their mouth "cause the smoke tasted so bad." These five
needed emergency oxygen and hospitalization. .

The other three, including the foreman, put on FSRs near the
bottom of the slope. They removed the bottom cannisters, kept
mouthpieces and noseclip on, but later complained of slight to
some problems in breathing. No one determined whether those prob-
lems were caused by the FSRs, the miners' psychological states, or
the fact they had been in smoke without protection until they
reached the slope. Two were sent to the hospital for observation
and released several hours later.

Potential Impact of SCSRs

Had SCSRs been available, it is reasonable to postulate as
follows: )

a. Persons who donned and activated SCSRs properly at their
first awareness of the fire would have escaped
successfully

b. Persons who did not use or know how to use SCSRs
properly would have been injured by products of
combustion,

c. SCSRs cached in the lunchroom, near the bottom of the

shaft or near the bottom of the slope|would have pro-
vided life support; however, theé nearer the cache to
miners when they first became aware of the fire, the
less the chance of injury.

Other Factors

a. Smoke and fumes from this fire were probably as toxic
and dense as those from any fire likely to occur in
this mine.
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b. Reasonable electrical maintenance and inspection proce-
dures might have prevented this type of fire

c. Good training in the use of FSRs would be a positive
approach to safety in this mine.

A.7.3%9 Cayuga Mine Fire, March 28, 1978 (A-52)
Background

Cayuga Mine, near South Lansing, New York, produces salt
from two active levels. Access to the mine is through two verti-
cal shafts. No. 1, the exhaust shaft, 1930 ft deep, extends to
the 4 level. No. 3, the intake shaft, 2300 ft deep, intersects
6 level. At the time of this fire accident, one fan at the bottom
of No. 3 Shaft induced 160,000 cfm of air into the mine. Two
fans are generally used. Levels 4 and 6 are connected by two
slopes. Salt is mined by the room-and-pillar method.

The Accident

At 2:15 a.m., the master mechanic observed smcke on Level o©.
He immediately called the mine foreman, who was at the working
faces, to evacuate the mine. He also called the hoistman to reverse
the main fan.

The No. 3 Shaft became the exhaust and No. 1 the intake by
2:20, five minutes after smoke was first detected. The 23 miners
assembled at the bottom of No. 1 Shaft were accounted for and
evacuated. Evacuation was completed by 2:58 a.m.

By 10:00 that same morning, the fire was extinguished by mine
rescue teams wearing oxygen breathing apparatus. The fire was in
a diesel-powered air compressor rated at 160 cfm and 100 psig.

The compressor was between the No. 3 Shaft bottom and the main
fan.

Potential Impact of SCSRs

FSRs were not used. Because of the prompt, positive steps
taken, they were not needed. Had the main.fan not-been reversed,
the products of the fire would have contaminated all escape routes
in the mine as well as the No. 3 Shaft station. Even in that case,
FSRs would have provided adequate protection; there was no fuel
other than in the compressor; and, the air flow was sufficient to
maintain the CO concentration to below 100 ppm even if all of the
fuel in the compressor ignited.
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A.7.40 Cherckee Mine Fire, January 6, 1978 (A-53)
Background

Cherokee Mine is a copper, iron ore, and sulphuric acid
producer near Ducktown, Tennessee. Three shafts and five bore-
holes, 2500 to 3000 ft deep, provides 500,000 cfm of air to the
three levels being mined. Refuge chambers are maintained near
each shaft station and borehole. The area on the middle level

where this accident occurred is shown in|Figure A-21.

The Accident

An Eimco 915H load-haul-dump (LHD} unit began to malfunction.
The operator observed hydraulic oil leaking, so he began to man-
euver the LHD out of the roadway. Flames flashed into the opera-
tor's compartment. The operator jumped from the loader, ran a
short distance, and then returned to try to extinguish the fire,
The fire extinguisher, however, was surrounded by flames. He
then ran downwind to the loading ramp where he warned two miners.
The three miners met two motormen and all five went to the repair
shop. The mechanic there called the foreman on the surface and
upper level,

Repalr Shop—m>,

€———Alr Flow

" FIGURE A-21. - Middle level of Cherokee Mine.
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Five miners tock 20-pound fire extinguishers back towards
the fire. Smoke was so dense they could get no closer than 125 ft
from the burning LHD.

The foreman came from the surface. He met the five retreat-
ing. He decided it would be best to evacuate the mine. From the
start of the fire until all 15 persons evacuated the mine was less
than one-half hour; that included the estimated 10 min spent by
the miners trying to put out the fire.

Rescue teams wearing oxygen breathing apparatus were at the
fire 2-1/2 hr later. They extinguished the fire within 30 minutes.
The teams during this time reported dense smoke and up to 10 ppm
CO.

Smoke from the fire blackened roof for 100 ft upwind of the
fire. That is, smoke backed up against a 110,000 cfm flow of
air. Only the hydraulic hoses and oil and a portion of one tire
burned. The steering case melted, but the fuel tanks and engine
were unaffected.

Potential Impact of SCSRs

FSRs were not used. No one was injured. The ventilation
scheme was such that miners could reach fresh air within two
minutes.,

Had SCSRs been needed they would have to have been worn or
carried by each person. An SCSR stored on the LHD would have been
unavailable.

A.7.41 Climax Mine Fire, September 30, 1977 (A-55)

The Accident

The Climax Mine was described in subsection A.7.27. At
2:30 a.m., fire was detected in a substation on the 600 level.
Attempts to extinguish the flames failed and 81 miners on this
level were evacuated. Others remained to fight the fire. An
hour later smoke was detected on the Storke level above; the 120
miners on that level were evacuated within a half hour.

Continued burning caused a power shutdown. With this source
for continued ignition gone, the fire was brought under control.
It was extinguished by 5:00 a.m., 2-1/2 hr after it was detected;
185 pounds of dry chemicals from 13 extingulshers were used.
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Potential Impact of SCSRs

FSRs were neither used nor required,

Other Factors

Fortunately, the fire was relatively small and contained.
Ventilating air flows were great enough to prevent fcrmation of
an irrespirable atmosphere. SCSRs or other means for protection
against an irrespirable atmosphere might have been required had
conditions worsened.

A.7.42 Climax Mine Fire, August §, 1978 (A-56)

The Accident

At 8:45 a.m. some miners on the Storke Level detected smoke
in a lateral below a drift. Fifteen minutes later the fire was
located. Wood lagging and cribbing had been ignited by an over-
heated trolley wire hanger insulator.

Stench was released at 10:07 after attempts to extinguish the
fire with dry chemicals failed. Some miners de-activated the
trolley wire and applied water. The fire was extinguished at
11:40. A mine rescue team arrived as the fire was extinguished.

Potential Impact of SCSRs

FSRs were not used. The long time required to extinguish
this fire (almost 3 hr) and to initiate evacuation (more than 1 hr)
might have led to the need for an auxiliary source of oxygen or
other means to protect miners, particularly those who fought the
fire. SCSRs, had they been needed, could have been obtained from
storage caches.,

A.7.43 Climax Mine Fire, October 11, 1978 (A-57)

The Accident

This accident occurred on the| Storke level. At 6:30 p.m. the
dispatcher observed glowing wires at the fan disconnect switch at
the portal. Electricians were notified. .Fifteen minutes later
when smoke began to flow from the portal, the stench was released.

Employees were held at the 3130 assembly area. The source
of the overheating and smoke was found, 750 ft of burning power
cable. It was extinguished after the power was shut off.
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Potential Impact of SCSRs

FSRs were not used. Miners were rapidly brought to a safe
area. SCSRs, therefore, would have not contributed to safety.
Had SCSRs been needed they could have been cbtained from storage
caches.

A.7.44 Fletcher Mine Fire, July 7, 1980 (A-60)
Background

Fletcher Mine produces lead ores near Bunker, Missouri.
Access to the mine is through two circular 12-1/2-ft diameter
concrete-lined shafts, 1033 ft in depth to the mine level. These
shafts are upcast. The two downcast shafts are on the other end
of the mine. The mine is developed on a single level with a lower
elevation ventilation return drift. A room-and-pillar mining
-method is used. Rooms are generally 20 £t high by 30 to 40 ft
wide., Two refuge chambers, one near the downcast shafts and one
near the upcast shafts, are fully equipped.

The Accident

The load-haul-dump (LHD) involved in this accident was a
Caterpillar 988-B. It contained about 320 gallons of oil (hy-
draulic, transmission and diesel fuel). One 10 1lb fire extin-
guisher was mounted beside the operator's seat.

Shortly after the shift began, and after one truck was loaded,
flame erupted from the engine compartment. The operator jumped
from the loader, forgetting to turn it off. He returned in a
futile effort to reach the fire extinguisher.

At this time a haul truck came by. The truck's fire extin-
guisher was applied with no success. The loader and truck oper-
ators drove off for help. Subsequently, the shift foreman and
two miners arrived with two extinguishers which were applied with
no success.

Numerous other mine personnel arrived. The fire was extin-
guished after 20 ten-pound dry chemical extinguishers were applied.
During the fire fighting activities, con51derable smoke had filled
the area limiting visibility. The loader was: repaired before
MSHA investigated this accident; purportedly only a small quan-
tity of hydraulic o0il and grease on the engine was involved.

Mine rescue trained teams arrived. Tests indicated 10 to 15 ppm
of CO four hours after the fire was extinguished.
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Potential Impact of SCSRs

Three miners donned FSRs while fighting the fire. Seven
other miners complained of smoke inhalation; hospital doctors sent
them home after their examinations. SCSRs were not required.

Other Factors

Had SCSRs been available they, too, may have been used by
miners combatting the fire. For that use the SCSRs would have had
to be at or brought to the fire area. MSHA may need to consider
policy regarding the use of SCSRs while combatting fire by the
general mine population.

A.7.45 Georgia Marble No. 5 Mine Fire,
January 31, 1978 (A-61)

Background

No. 5 Mine, near Jasper,‘Georgla,'produbes crushed marble,
Two drifts and a 10 deg decline provide access and ventilation.

During initial mining, a rggg:ggﬁ plllar method was followed;
subsedquently, benching was used.

The Accident

A front-end, diesel-powered loader burst into flames. The
operator, with hair and eyebrows singed, Jjumped from the loader.
He and a miner nearby grabbed fire extinguishers, but the heat
and flames kept them awav.

The three miners, the only ones underground, immediately left
the mine through an opening 150 ft from the loader. Because of :
the danger of the fuel tank exploding, the decision was to let the
fire burn itself out. This took 24 hr.

Potential Impact of SCSRs

FSRs were not used. Escape was less than a minute. Protec-
tion, therefore, was not needed for the circumstances that existed.

A.7.46 Gordonsville Project Fire, April 19, 1978 (A-62)
Background
Gordonsville was a development for a potential zinc operation

in Gordonsville, Tennessee, It consisted of a mile long, 18 per-
cent decline 17 ft wide and 12 ft high. Drifts were being
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developed off the decline to the mining and haulage levels. A
30-in. belt conveyor transported ore and waste rock from a crusher
at the bottom of the decline to the surface. Ventilation was
provided by a fan on the surface blowing into a 4-ft diam rubber-
ized duct. Compressed air from the surface went to the workings
through a 4-in. steel pipe. Twenty-nine miners were underground
when the fire occurred.

The Accident

The transmission of a Wagner Scooptram was heating up. Under-
ground maintenance could not correct the problem, so the operator
was told to drive it ocut to the surface shop. When about 3500 ft
from the portal, the Scooptram caught on fire.

The operator turned the wheels into the rib and attempted
to extinguish flames with a 10-1b and two 5-1b dry chemical ex-
tinguishers, He was assisted by two other miners, one of whom
was the Shift Foreman (SF).

The SF went back down the decline and told the General Mine
Foreman (GMF) and Mine Shift Boss (MSB). Meanwhile ancother miner
went to the belt transfer, stopped the belts, and c¢alled the hoist
operator on the surface. -

The SF and the MSB went to the working areas to warn the
miners while the GMF and several miners gathered available extin-
guishers and returned to the fire. Faliling to control the fire all
but two went to the REFUGE CHAMBERS.

Two miners, who were at the belt transfer point, went to the
surface and informed mine officials. The ventilating fan was
turned off to reduce oxygen to the fire.

Three mine rescue teams were assembled. The first team was
underground about an hour after the fire began. The fire was
brought under control., The quality of the air was tested to the
refuge chambers and found safe for the 27 miners to leave.

Potential Impact of SCSRs

FSRs were not used. The miners had an auxiliary source of
oxygen, the refuge chambers. With the exception of the two who
went up the decline, all were in fresh air throughout the accident.
The CO concentration, measured by the teams as below 10 ppm ° when
the fan was off, was not unsafe and suitable for| safe ascape
using FSRs. - ‘* R
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A,.7.47 Grace Mine Fire, June 22, 1976 (A-63)
Background

Grace Mine is near Morgantown, Pennsylvania. Magnetite ore
is mined by the block-caving method. Load-haul-dump (LHD) units
transport rock and ore from drawpoints to crushers. Most of the
back and ribs in the drifts are supported by concrete and steel.
The major quantity of combustibles in the mine is hydraulic and
diesel fuel oil in the LHDs and storage tanks. The faces and
edges of 2-in. planking, however, between steel sets also could
be a major source of fuel in the event of fire.

The Accident

An LHD while tramming a load of ore burst into flame. The
operator escaped from his compartment. He could not reach the
~unit's fire extinguisher. He went immediately to his shift
foreman.

The.shift foreman ordered the evacuation of persons on the
return air side of the fire. He did not activate the stench
warning system because he believed persons on the fresh air side
were in no immediate danger, and, extinguishing the fire quickly
would avert a major mine fire.

Thirteen miners, including. two shift foremen, applied more
than 400 1lb of dry chemical fire extinguishing powder to no avail.
Wood planking between steel sets on the back began to burn. The
stench system was activated. An air line was converted to a
water line; water was applied; and, the fire was extinguished
2 hr after it ignited.

Potential Impact of SCSRs

FFSRs were not used. The rapid evacuation of miners from the
return air side of the fire removed them from harm's way.

Other Factors

Calculations indicated this fire had the potential for evolving
an average of 36 cfm of CO during the 2 hr it was fought. A person
can undergo strenuous activity for 2 hr without serious harm pro-
vided the CO concentration is less than 150 ppm. To maintain
150 ppm from a fire evolving 36 c¢fm of CO requires an air flow of
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at least 240,000 cfm. That quantity of air was not available;

therefore,

the fire did not evolve as much CO as indicated and the

velocity of the air was sufficient to remove the products from

the

area.

If the latter

was the case, then a fall of roof or

other air flow disruption could have endangered the 13 firefighters.

Those 13 firefighters should have had protection against CO.
That protection, however, should not be FSRs oxr SCSRs. Those
devices are intended for escape, not for protection of persons
fighting fire. :

- A.
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Most of present mining, below the 3500 level, uses the hori-
zontal cut-and-fill method with rock bolts as the principal
support. Much of the older workings were in square-set stopes,
some of which were backfilled with mill tailings; haulage drifts
generally were supported by wood sets.

The Accident

A miner, while ascending Yates Shaft, smelled smoke coming
from the 1100 level. He reported it to a mine official. Three
other officials, wearing gas masks, went tc locate the fire.

Evacuation was beqgun within 10 min from the first observation
of smoke. All 575 persons underground were out of the mine in
less than an hour. Fifteen minutes later the first mine rescue
team was in the mine. They extinguished the fire promptly.

The three officials had found the fire in a storage room on
the 1100 level. It was of wooden structure, 10 ft long by 10 £t
wide and 9 ft high. The wood that burned was up one side of the
structure. The maximum CO concentration detected was 300 ppm
at the fire area. The mine officials, before evacuating, adjusted
the ventilation so that the products from the fire could go di-
rectly to the exhaust system rather than flow into Yates Shaft
which was downcast.

Potential Impact of SCSRs

FSRs were not used.

Other Factors

The prompt, positive actions of all concerned made this a
relatively minor fire. Had it not been detected and located so
quickly and had its products not been diverted from Yates Shaft,
then as much as 50 cfm of CO could have entered the workings
through the Yates Shaft which was one of two main intake escape-
ways. With 142,000 cfm air flow the CO concentration carried into
lower levels could have averaged 300 ppm for 2 hr. That concen-
tration is not enough to be expected to cause death; however, it
could cause nausea, weakness and even collapse. The above is
based on calculations for the quantity of wood in the structure;
the fact that it was the same concentration detected/is coinciden-
tal and does lend support to the suggestion in the guidelines for
determining the need for protection against products from a fire
on the basis of calculations.
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A.7.49 Logan Wash Fire, September 12, 1978 (A-67)
Background

Logan Wash is an o0il shale mine at DeBegue, Colorado. It is
being used to develop procedures for in-situ retorting to produce
0il from shales.

The underground retorts, such ,as shown in Figure A-23, are |
developed through two main levels separated by 340 f£t. The lower
level is 30 ft below the ore horizon and the upper level is 50 ft
above the ore.

The levels are connected by two raises. One, a manway raise,
extends from the "product" level to the "air" level. The other,
a ventilation raise, extends from the ' product level to the
surface. Entries from the surface to the levels had been bulk-
headed at the retort inveolved in this fire accident.

EFIGUREQAQZSQDE4LoganVWash retort.
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A sill pillar is above the retort. This pillar is 160 ft
square and 40 to 50 ft thick. The gap between the bottom of this

sill pillar and thewrubbllzed 0il shale in the retort ranges from |

an estimated 8 ft at the center to 35 ft in the corners. The sill
is bolted on 10-ft centers “with 30- to 40-ft long grounted bolts.

The Accident

Retort 6 was ignited as planned on August 28. . A survey made
September 5 indicated from 12 to 23 ft of the sill pillar had .
spalled. By September 12 the pillar had sagged more +than 0.7 in.
A horizontal crack was observed in the pillar; and, temperature
data indicated the ccombustion front in the retort had propagated
upward into the sill. A small hole developed which was sealed
using grout. Several hours later a larger hole opened up.

Efforts began to cool the affected area. While seven officials
and employees were standing on the sill assessing the situation,
a 10-ft by 12-ft section of sill collapsed. All persons left the
sill immediately, and without injury. :

Failure of the sill forced fire gases from the retort up into
the air level. Bulkheads were constructed. By Secptember 25 the
fire was contained, not extinguished.

Potential Impact of SCSRs

FSRs were not used. The ventilation system and mine layout
assured, at least while fans were in operation, escape in intake
air. Thus, for this accident, FSRs would have provided adequate
protection for escape.

A.7.50 Montevallo Mine Fire, September 20, 1977 (A-71)

Background

Montevallo Mine, an underground limestone operation, is near
Calera, Alabama. Access is through three openings from an open-
pit quarry. Rooms are about 30 ft wide and 20 to 30 ft high.
Drilling and blasting is done on the evening shift; mucking and
hauling is done on the day shift. The accident occurred on the
evening shift.
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The Accident

A drill jumbo, a truck-mounted compressor, and truck-mounted
water tank were drilling a round. A large segment of rib and roof
(later estimated at 500 tons) fell on the compressor and water

tank. Flames erupted immediately from the compressor.

The compressor contained 50 gal of bil and had a 200 gal
fuel tank. The compressor truck had a 100-gal fuel tank. The
drill and water tank trucks each had 100-gal fuel tanks.

S

The two miners left the jumbo and hurried past the fire. They
found the other two men in the mine and all four left. The distance
from the fire to the portal was 550 ft. The two drillers said
they thought of using their FSRs; however, because of the falling
ground they individually decided haste best served the needs of
safety. Once beyvond the fire they were in good air and had no
reason to dawdle. '

The fire was allowed to burn itself out. The heading was then
barricaded and posted against entry.

Potential Impact of SCSRs

FSRs were not needed. They not only were not used, but would
not have been used; time taken to don them could have exposed the
miners to growing flames, increasing temperatures, and falling
ground. SCSRs, therefore, would have not been helpful to these
miners.

A.7.51 Ozark Mine Fire, December 1l6, 1978 (A-73)

Background

_Ozark Mine produces lead ore near Reynolds, Missouri. Access
to the mine is by five shafts ranging from 1400 to 1500 ft deep.
Ore is mined from random-sized rooms. Twenty-five miners were
underground when this accident occurred.

The Accident

At 4:00 a.m., a miner detected smoke. He notified the mine
foreman, and together they tried to locate the fire; however,
the denseness of the smcke prevented this.

At 4:40, stench was dumped into the mine ventilation and
compressed alr systems. Evacuation was completed by 6:00 a.m.;
all miners traveled in fresh air to the No., ] main Intake shaft,
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Three officials subsequently located the fire. A drill was
burning. Water was applied for at least a half hour; the fire
was extinguished.

The exhaust air was tested. The maximum CO concentration
found was 50 ppm.

Potential Impact of SCSRs

FSRs were not used.

Other TFactors

The delay and then the time taken for evacuation and the
subsequent exposure to fire products could have made this a dan-
gerous situation. Fortunately, the fire was small, involving
mainly rubber rather than the 200 gal of hydraulic oil and diesel
fuel contained in the drill. Had those been involved, the 25

miners and later the three officials might have’ needed self-
rescuers or other means of protection.

A.7.52 Pleasant Gap Mine Fire, August 26,‘1557 (A-74) —

Background

Pleasant Gap Mine is a limestone operation near Pleasant
Gap, Pennsylvania. The mine has three adits driven into a quarry
highwall. Rooms are 45 ft wide and 35 to 55 ft high. An incline
with two 10-ft diam fans directs 229,000 cfm of intake air to
the workings.

The Accident

The electrician's shop was a: 10— by 1l4-ft wooden structure
underground. It caught on fire. Miners activated the alarm sys-
tem and then tried to extinguish the blaze with dry chemical
extinguishers. This failed. All 19 miners evacuated the mine
within 20 min after the alarm was given. Some evacuation routes
were through return air. Later that day, 25 ppm of CO and 90 ppm
COy were measured at the exhaust drifts.

Potential Impact of SCERs

FSRs were not used. Rough calculations indicate the burning

shop could evolve 60 cfm of CO for 1 hr, Assuming equal flows
of air to each adit and the shop, the CO concentrations might have
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been 0.08 percent. Calculations indicate, for the above assump-
‘tions, the oxygen in the air from the fire would be at least

20 percent. Miners, therefore, could escape without SCSRs; how-
lever, with 0.08 percent CO concentrations, the following effects
Imight be expected:
\

| After 15 min, throbbing headaches

After 30 min, collapse
After 60 min, death

The 19 miners evacuated within 20 min; therefore, the only
threat was a possible headache. B

Other Factors

Only small changes in the fire scenario could have been deadly.
Such changes include the following:

a. Less air flow through the fire into the escape route
b. More rapid burning of the shop
C. Delay in giving the alarm or in evacuation.

Miners should wear FSRs whenever they are in smoke generated by
a fire.

A.7.53 Retsof Mine Fire, December 8, 1977 (A-76)

Background

Retsof Mine, in Retsof, New York, produces rock salt. The
main access to the mine is through the upcast Fuller Shaft,
1100 ft deep, with three compartments. Three miles away is the
Sterling Shaft which also is upcast from abandoned workings.
Retsof No. 2 Shaft, 4000 ft from Fuller, serves as the intake
and the third escapeway. The air flow through the mine is
203,000 cfm. Salt is mined from 65 ft wide rooms, 8 to 12 ft

‘highy" Pillars are 70 ft square.

The Accident

The undercutter involved in this fire was electrically powered,
rubber tired, and had a 12~ft bar. After undercutting 165 ft of
salt, flame burst from the undercutter. The operator directed
his helper to alert the driller in the next room and to clear the
area. The operator then went to inform the shift foreman.
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The foreman, after viewing the fire and smoke, decided proper
equipment and trained personnel were needed. He directed all miners
in the area to the lunch room; then, he asked the superintendent
to activate the fire alarm. All miners evacuated. Mine rescue
teams with oxygen breathlng apparatus and water hoses extlngulshed
the fire and secured the mine.

Potential Impact of SCSRe

FSRs were not used. Prompt, positive actions and reactions
kept miners from being exposed to danger.

A.7.54 San Manuel Mine Fire, October 18, 1976 (A-77)

Background

The San Manuel Mine, owned and operated by Magma Copper
Company, is in Pinal County, Arizona. The mine produces 3 _copper
by the block-caving system of mining. More than 1 million cfm i
of air flows down the No. 1, No. 4 and No. 5 shafts and exhausts
up the No. 3-A, No. 3-B, No. 3-C and No. 3-D production shafts.
This positive pressure system has the main fans located on each
level in a fan drift adjacent to a main crosscut with air lock
doors. The air was directed to the panels and other working areas
through ventilation raises and borecholes.

The Accident

At about 1:10 a.m., a miner on the mancage in No. 5 Shaft
smelled smoke near the 2950 level. He put on his FSR and rode
up to the 2650 level and went to the pump station 20 ft from the
shaft. The site of this flre, the pump station on the 2675 level -
of No. 5 Shaft, is shown 1n Flgure A-24. '

Two pumpmen, both wearing FSRs, were in the pump station.
They had discovered the fire and had turned off the pumps.

The fire was reported. Stench was introduced intc the com-
pressed air lines and ventilation system. All 187 persons under-
ground were evacuated in 35 min, before 2:00 a.m.

Subsequent tests showed a short circuit in one pump motor.
The inrush of current, 25,000 to 30,0003, flowing during
the short circuit condltlon produced flames and sparks that ignited
timber 3 ft away. Positive reactions by the pumpmen and mine
supervisors prevented a serious fire and danger to the miners.
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Potentlal Impact of SCSRs T T

FSRs were used by 3 of 167 miners. SCSRs would not have
been required.

Other Factors

i,

The fire could have been much more intense involving timber.
The proximity of the fire to the downcast No. 5 Shaft could have
caused toxic fumes tc the seven levels below 2675. Most of the
miners were on those seven levels and their only egress was up
the No. 5 shaft or in returns; air, the air in those routes had
the fire been serious, could have been irrespirable. Then SCSRs
or refuge chambers might have been needed.

A.7.55 San Manuel Mine Fire, May 23, 1980 (A-78

Background

The San Manuel Mine is synopsized in subsection A.7.54. At
the time of thlS\éEEIaEEE#ll37 bersons were underground.

Three electricians were salvaging electrical circuits on the
1775 level. The wire was put on two reels on a flat car. That
was the lead car of two being pushed by a motor. As the trip was
‘being trammed towards the shaft, one reel slid and struck a 10-in.
compressed air line. The line broke, and air at 80 and 90 psi

_roared out, A nearby valve was closed, but it did not stop the

The Acciaent o - S 7$e“f.Lh,m,,,;f;;:e;;;;_e,wh,

flow. Another valve was found, and whlle “all three men were .

dust which became so unbearable the miners went to the 3-A Shaft
and out of the mine. There they notified the pipe fitters of the

|broken pipe, and then went via the No. 1 shaft back to the 1775
level. They discovered fire. They telephoned the foreman.

turning it, one said he smelled smoke. The air was filled with

Immediately following the call (2:45 p.m,) the stench alarm
sz§Eem%ye§H§9tivated, ethyl mercaptan was injected into the com-

pressed air lines, into the 3-A and No. 4 Shafts and into the
wventilating air flow into the No. 4 and 5 Shafts. All 1137 miners

were out and accounted for by 3:45 p.m. FSRs were not used. R

\
\
|
|
\
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On June 8, the fire was considered to be contained; it was ..
not extinguished. This fire is believed to have been ignited by
high-pressure, high-velocity, rust-laden air impinging on extremely
dry timber. Once sufficient heat was generated, the fire spread
rapidly - by 5 p.m., after 1-1/2 hr of fire fighting by mine res-
cue teams, 60 ft of drift timber were burning. Subsequent fire
fighting activities were hampered by the 200F differential between
early morning and noon temperatures. That differential caused
a pressure differential of one-half inch water gauge making pres-

sure balancing and air flow control a difficult task.

Potential Impact of SCSRs

FSRs were not used by any of the 1137 persons unde;ground
Discussions with some persons involved indicated no one expressed
the need for an FSR or for oxygen. As soon as stench was smelled,
and sooner for those who had recelved prior warning, all persons
went to previously assigned evacuation-assembly areas. There,
the area supervisors checked each person out, thus ensuring a
complete evacuation. The miners then boarded mantrip cars to the

nearest intake air shaft.

The p051t1ye and obviously well-disciplined responses of

1137 persons negated the need for aux111ary sources of oxygen.
Only the three electricians were exposed to a potentially danger-
ous atmosphere when they traveled in the return from the fire to
the 3-A Shaft. They, however, were not affected. Had they needed
SCSRs they would have had to wear or carry them, at least until
they reached a shaft station. The most probable storage locations
for SCSRs on the 1775 level, other than on the locomotive, were

at the 3-A and No. 1 Shaft stations, 1600 and 400 ft, respectively,

from the origin of the fire.
A.7.56 Sherman Mine Fire, March 20, 1980 (A-79)

'Background

‘ Sherman Mine, a silver and lead operation, is near Leadville,
Colorado. The ore is broken from large open stopes by drilling
and blasting; load-haul-dump (LHD) units transport the broken ore
to transfer pockets.

The Accident

A Wagner ST-2B LHD lost its brakes on a decline, ran against
a rib, and the engine compartment became engulfed in flames.
7T@eioperator jumped from the loader and ran to a phone.
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Within 5 min of the start of the flre, the stench system was
activated. Meanwhile, five miners contained the fire with several
dry chemical fire extinguishers. The crew had the fire out within
15 min of its inception. Shortly afterwards that crew smelled
the stench.

)

A half-hour later, the miners underground telephoned to the‘

surface notifying them the fire was out, and all employees were

safe, accounted for and in fresh air. The mine superintendent

ordered those miners out and sent in a mine rescue team. The team .

found the fire to be out and the air to be safe.

Potential Impact of SCSRs

FSRs were not used. SCSRs, had they been necessary, would
have to have been immedliately available to persons fighting the‘

fire; however, SCSRs are de51gned for escape only, not for pro-"

tection of persons fighting a fire. I T

A.7.57 Sunshine Mine Fire, November 23, 1977 (A-82) s

Background

This mine is described in subsection A.7.]14, A drawing
taken from the November 30, 1977 fire report shows a general
schematic of the mine (subsection A.7.58). No. 10 Shaft, the
site of this accident, is a downcast shaft through which intake
air is forced to levels below 3700.

The Accident

The shift boss observed a warnlng llght on the signal board
in the 3700 level underground supervisor's office (the Blu& Room) .~
The light indicated a problem in the sump pump system. The sump
was on the 5600 level of No, 10 Shaft, He went down to investigate.
Twenty minutes later, the cager while in the 4800-level pocket
smelled smoke. A few minutes later the shift boss called from the

5400 level reporting smoke coming up the shaft.

Within 5 min, the stench warning system was actlvated Evacu-
ation was completed in 35 min.

An hour later, the mine rescue team, wearing oxygen breathing
apparatus entered. They guickly located the source of the smoke -
insulation on wires in the pump motor starter housing. The over-
load relays had already de-energlzed the 01rcu1t.k

— i

=
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Potential Impact of SCSRs

Miners did not need FSRs or SCSRs.

Other Factors

The No. 10 Shaft is critical to rapid, safe evacuation from
the Sunshine Mine. Although smoke was rising from near the bottom
of the shaft, miners were not made aware of the potential danger-
for at least a half hour. Fortunately, the cause for smoke was
of minor import.

Had there been a major fire in No. 10 shaft, successful escape
with SCSRs cannot be assured. Some miners would have to climb
raises, possibly through smoke, requiring higher than normal oxy-
gen consumption for more than 60 min., Means other than SCSRs
alone for protection against an irrespirable atmosphere are in-
dicated; such might include:

a. Rapid, positive warning of smoke in Neo. 10 Shaft,
Jewell Shaft and Silver Summit escapeway

b. Refuge chambers in or compartmentalized ventilation of
levels below the 3700.

A.7.58 Sunshine Mine Fire, November 30, 1977 (A-83)

Background

This mine is described in subsection A.7.14.

- The Accident
. %ﬁfﬁiémgédiagggiigidég;iigéd in ééﬁrdgimateuEime seguence Ee?
cause most actions taken exemplify good practice.

7:25 p.m. Two miners in a stope on the 5200 level heard a
i loud pop. Electrical power was lost to the slusher.
The miners left the stope and reported the loss of
power to the shift boss. The miners returned to
their stope. Ventilation in this stope was upcast,
exhausting on the 5000 level.
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Two miners in a stope “on the 5000 level smelled and

8:00 p.m.
saw smoke coming up their raise. They climbed up
to the 4800 level, went to the No. 10 Shaft station
and reported the fire.

8:11 p.m. The stench warning system was activated. Miners
left their working places, went to _the No. 10 Shaft;
and hoisting was begun to take them to the 3100 )
and 3700 levels. Figure A-25 shows the stope area
in which this fire developed with respect to the :

- mine layout. _ :
8:30‘p;m; ‘Electfiéélypower to the 5000 level was locked out.
8:35 p.m. The last main train left No. 10 Shaft for the Jewell

Shaft. :
je— Jewell
B
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.FIGURE A-25. -.Sunshine Mine schematic.
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9:10 p:m. Evacuation completed.

9:40 p.m. A mine rescue team entered the mine; a back-up team
was on the surface. Light smoke and 10 ppm CO was
detected on the 5000 level; none on the 5200 level.

12:41 a.m. Fire located and extinguished. The fire was con-
fined to several pieces of lagging, a girt, and a
wall plate. The fire was caused by a short circuit
in the power cord going down a raise between the
5000 and 5200 levels, the raise in the stope men-
tioned at 7:25 p.m,

- Potential .Impact of SCSRs

FSRs were neither used nor needed. The prompt, positive
actions taken while this fire was in its incipient stage negated
the need for SCSRs.

Other Factors

Even had the fire been more intense, FSRs probably would have
been adequate for the ventilation, fire location and time from
detection to evacuation. This fire is typical of many fires in
ore mines. Unless the igniting source is powerful, ore-mine
fires typically burn slowly for hours to days until the heat gen=
erated exceeds the capacity of the ventilating air to remove heat.
The principal, critical exceptions to that are fires in heavily
timbered shafts, stopes, raises and drifts.

A.7.59 Sunshine Mine Fire, February 22, 1978 (A-84)
Background

This mine is described in subsection A.7.14. The drawing
in subsection A.7.58 shows a general schematic of the mine.

The Accident

About 6:45 a.m. smoke was smelled at the No. 10 Shaft station
on the 4800 level. The crew, after failing to contact the

‘underground supervisor, called the shift boss on the surface.

‘An MSHA 1nspector at the mine learned of the fire at 7:00 a.m.

\hglve SupeerSOIS “and ‘a mlner, three of Whom had experlenced

the May 2, 1972 fire, entered the mine.  The stench warning systemi
was not activated; and, the six investigators had no rescue ap-. :

paratus. As they descended the No. 10 Shaft they monitored the
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air and notified crews to evacuate to the 3700 level. By 8:00 a.m.

the 21 miners on the work shift had assembled at the 3700 level,
No. 10 Shaft .station.

At 8:34 a.m. two other supervisors, one of whom had a major
role in the May 2, 1972 fire, located the fire in the 4800 level
battery charging station; a motor generator armature had shorted.
The fire was extinguished; and the miners returned to work at
8:48 a.m. No one was injured.

Potential Impact of SCSRs

Neither FSRs nor SCSRs were needed.

Other Factors

For 2 hr the crew of 21 miners and 8 "fire searchers" were
underground and away from rapid exit to the surface or to the
safety of the Jewell Shaft. Until the fire was located, the
potential for exposure to an irrespirable atmosphere existed.

They did have FSRs'which, for the ventilation scheme and fire
location, probably would have protected them. Response to this
fire was slower than that described in subsections A.7.57 and
A.7.58, The reasons for this have not been diEEEGEEEHN‘EHEﬁEEé— B
supports belief for the need for Coeur d'Alene miners, among
others, haV1ng some combination of the following items:

a. An auxiliary source of oxygen

b. A positive, rapid response to potential fire

c. Refuge chambers or compartmentalized ventllatlon systems

on levels.

A.7.60 Weeks Island Storage Complex Fire,
December 13, 1978 (A-87)

Background

The United States Department of Energys Weeks Island Storage‘

Complex was a salt mine being converted for underground storage of
0il. The mine was near New Iberia, Louisiana.

The Accident

AirfldW'cOntrol'stdppings‘were being coated.with'polyurethenef°
~foam. The foam on one stopping ignited spontaneously. The fire -
was discovered 3 hr after -the application. It could not be extin-. .

"quished with a portable fire extinguisher. FEvacuation was then
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begun and was completed within a half hour. The fire was extin-
guished 5 hr later by a rescue team wearing oxygen breathing

apparatus.ﬁ

Potential Impact of SCSRs

FSRs were not used. Stored SCSRs-would have met the needs
of miners for escape. ’

A,7.61 Young Mine Fire, October 16, 1978 (A-88)

Background

Young Mine, near Strawberry Plains, Tennessee, is a zine
producer. Access was_by a 3-compartment, vertical, 936-ft deep
shaft, Four other shafts were used for ventilation. Mining was
on four levels in which ore was mined from large horizontal stopes.
The ore was drilled and blasted. Diesel-powered, load-haul- dump

(LHD) units were. used. for mucking and haullng the ore. -Fig-
ure A-26 illustrates the area of the mine involved in this
accident. i

Ventilation

Hole to

Gallery
—

" 'FIGURE A-26. - Young Mine firé area.

9
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The Accident

A Jjust-repaired LHD was parked at a muck pile. The driver
went to the drill jumbo to help his partner. They smelled smoke.
When they went to see where the smoke was coming from, they saw
the LHD on fire. They tried to get to the fire extinguisher on
the LHD, but the heat and smoke were too intense.

One of the miners tried to use his FSR; however, he could not
get thenose clip on. He dashed through the fire reached fresh . -
air. fThere, he found his partner had not come with him. Holding'
his nose with his fingers, he went back and found his partner

going the wrong way. He led him to fresh air.

They then searched for and found the foreman. The foreman
informed all the men in the immediate area and brought them to
what should be a safe environment.

During this time, fifty blasting caps in a box on the LHD
engine compartment detonated. The 150 to 25Q lb of dynamite in
the LHD bucket did not explode. There were 70 to 80 persons
~;underground; they were evacuated about 2 hr after the fire began.

Potential Impact of SCSRs

One miner used an FSR; however, he could not use the nose
clip because of the difference in design of his nose and of the
FSR nose clips. The same problem would exist with an SCSR.

Other Factoré

Had the dynamite exploded, those miners that survived would
have needed FSRs, SCSRg or other means for escape from the toxic
blasting fumes. :
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A,9 Index of Mine Accidents

Table A-11 lists the mine a001dent reports in order of our
report number, '

Table A-12 lists the mine a001dents in alphabetical order by
mine name.

Table A2-13 ligts the mine acc1dents chronologlcally accord1ng%
. to date of accident. ]
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TABLE A-~11. - Mine accident reports'in order of our

report number

Report No. Mine name - type of accident Date
A.7.1 Cross Mine - Asphyxiation 9/19/80
A.7.2 Knight Mine - Asphyxiation 5/6/77
A.7.3 Nevada Mine - Suffocation 8/10/80
A.7.4 Lisbon Mine - Gas Qutbursts 3/29,4/6,5/17/80
A.7.5 Nash Praw Mine - Asphyxiation 3/29/76
A.7.6 Belle Isle Mine - Explosion 6/8/79
A.7.7 USEM No. 1 Shaft - Ignition 11/1/78
A.7.8 Alchem - Trona Ignition 6/3/77
A.7.9 Belle Mine - Ignition 10/27/76
A.7.10 Cane Creek - Ignition 7/31/63
A.7.11 Cane Creek - Explosion 8/27/63
A.7.12 Dead Horse - Ignition 5/20/70
A.7.13 No. 1 Incline - Explosion 11/5/53
A.7.14 sunshine Mine - Fire 5/2/72
A.7.15 Homestake Mine - Fire 5/9/75
A.7.16 Magma Mine - Fire 5/2/80
A.7.17 Beyer Mine - Fire 1/22/78
A.7.18 Crescent Mine - Fire 3/25/79
A.7.19 Eagle Mine - Fire 10/3/77
A.7.20 Kelley Mine - Fire a4/7/77
A.7.21 Kelley Mine Shaft - Fire 6/27/77
A.7.22 New York Mine - Fire 7/20/77
A.7.23 Silver Dollar Mine - Fire 8/27/76
A,7.24 Belle Isle Mine - Fire 3/5/68
A.7.25 Belle Isle Mine - Firxe 2/2/79
A.7.26 Bunker Hill Mine - Fire 6/28/78
A.7.27 Climax Mine - Fire & Explosion 7/8/64
A.7.28 Lucky Friday Mine - Fire 12/17/80
A.7.29 Magma No. 29 shaft — Fire 3/22/73
A.7.30 Miller Mine - Fire 8/8/80
A.7.31. Reserve Mine - Fire 4/5/76
A.T7.32 Star Mine - Fire 1/20/71
A.7.33 USBM No. 1 Shaft - Fire 12/6/78
A.7.34 Water Tilly Mine - Fire 1/18/79
A.7.35 Bellefonte Mine - Fire 6/8/76
A.7.36 Belle Isle Mine - Fire 1/9/79
A.7.37 Bunker Hill Mine - Fire 11/15/79
A.7.38 Cabin Creek Mine - Fire 4/16/77
A.7.39 Cayuga Mine - Fire 3/28/78
A.7.40

Cherokee Mine - Fire

1/6/78
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- Mine accident reports in order of our

report number (continued),

Report No. Mine name - type of accident Date
A.7.41 Climax Mine ~ Fire 9/30/77
A.7.42 Climax Mine - Fire 8/8/78
A.7.43 Climax Mine - Fire 10/11/78
A.7.44 Fletcher Mine - Fire 7/7/80
A.7.45 Georgia Marble No, 5 Mine - Fire 1/31/78
A.7.46 Gordonsville Project - Fire 4/19/78
A.7.47 Grace Mine - Fire 6/22/76
A.7.48 Homestake Mine - Fire 4/1/76
A.7.49 Logan Wash - Fire 9/12/78
A.7.50 Montevallo Mine - Fire 9/20/77
A.7.51 Ozark Mine - Fire 12/16/78
A.7.52 Pleasant Gap Mine - Fire 8/26/77
A.7.53 __Retsof Mine - Fire 12/8/77
A.7.54 ' san Manuel Mine - Fire' 10/18/76
A.7.55 San Manuel Mine - Fire 5/23/80
A.7.56 Sherman Mine - Fire 3/20/80
A.7.57 Sunshine Mine - Fire 11/23/77
A.7.58 Sunshine Mine - Fire 11/30/77
A.7.59 Sunshine Mine - Fire 2/22/78
A.7.60 Weeks Island Storage Complex - 12/1/78
Fire
A.7.61 Young Mine - Fire 10/16/78
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. TABLE A-12. - Mine accidents in alphabetical

order by mine name

Date

Mine name ' Type of accident |
JAlchem Trona Ignition 6/5/77 A.7.8
Bellefonte Mine . Fire 6/8/76 A.7.35
Belle Isle Mine Fire 3/5/68 A.7.24
Belle Isle Mine Fire | 1/9/79 A.7.36
Belle Isle Mine Fire 2/2/79 A,7.25
Belle Isle Mine Explosion 6/8/79 A.7.6
Belle Mine Ignition 10/27/76 A.7.9
Beyer Mine Fire 1/22/78 A, 7.17
Bunker Hill Mine Tire 6/28/78 A.7.26
Bunker Hill Mine Fire 11/15/79 A.7.37
Cabin Creek Mine Fire 4/16/77 A.7.38
Cane Creek Mine Ignition 7/31/63 A.7.10
Cane Creek Mine Explosion 8/27/63 A.7.11 -
Cayuga Mine Fire 3/28/78 A.7.39
Cherokee Mine Fire 1/6/78 A.7.40
Climax Mine Fire 7/8/64 A.7.27
Climax Mine Fire 9/30/77 A.7.41
Climax Mine Fire 8/8/178 A.7.42
Climax Mine Fire 10/11/78 A.7.43
Crescent Mine Fire 3/25/79 A,.7.18
Cross Mine Asphyxiation 9/19/80 "A.7.1
Dead Horse Mine Ignition 5/20/70 A.7.12
Eagle Mine Fire 10/3/77 A,.7.19
Fletcher Mine Fire 7/7/80 A.7.44
Georgia Marble No. 5 Fire 1/31/78 A.7.45
Gordonsville Project Fire 4/19/78 A.7.46
Grace Mine Fire 6/22/76 A.7.47
Homestake Mine Fire 5/9/75 A.7.15
Homestake Mine Fire a/1/76 A.7.48
¥elley Mine Fire a/7/77 A,7.20
Kelley Mine Fire 6/27/77 A,7.21
Knight Mine Asphyxiation 5/6/77 A.7.2
Lisbon Mine Gas Outbursts 3/29/80
Lisbon Mine Gas Outbursts 4/6/80 A.7.4
Lisbon Mine Gas Outhursts 5/17/80
Logan Wash Fire 9/12/78 A,7.49
Lucky Friday Mine Fire 12/17/80 A.7.28
Magma Mine Fire 5/2/80 A.7.16
Magma No. 9 Shaft Fire 3/22/73 A,7.29
Miller Mine Fire 8/8/80 A.7.30

Report ‘io;;
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- Mine accidents in alphabetical Srder
— by mine name (continued) ’

Mine name Type of accident Date Report) No.
1
Montevallo Mine. Pire 9/20/77 A.7.50
Nash Draw Mine Asphyxiation 3/29/76 A.7.5
Nevada Mine suffocation 8/10/80 A,7.3
New York Mine Fire 7/20/77 A,7.22
No. 1 Incline Explosion 11/5/53 A.7.13
Ozark Mine Fire 12/16/78 A.7.51
Pleasant Gap Mine Fire 8/26/77 A.7.52
Reserve Mine Fire 4/5/76 A.7.31
Retgoff Mine Fire 12/8/77 A.7.53
San Manuel Mine Fire 10/18/76 A.7.54
San Manuel Mine Fire 5/23/80 A.7.55
Sherman Mine Fire 3/20/80 A.7.56
Silver Dollar Mine Pire 8/21/76 A.7.23
Star Mine Fire 1/20/71 A.7.32
Sunshine Mine Fire 5/2/72 A.7.14
Sunshine Mine Pire 11/23/77 A.7.57
Sunshine Mine Fire 11/30/77 A.7.58
Sunshine Mine Fire 2/22/78 A.7.59
USBM No. 1 Shaft Fire 12/6/78 A.7.33
USBM No. 1 sShaft Ignition 11/1/78 A7.7
Water Lilly Mine Shaft Fire 1/19/79 A.7.34
Weeks Island Storage Fire 12/1/78 A.7.60
Complex

Young Mine Fire 10/16/78 A.7.61 .
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" TABLE A-13. - Mine accidents chronologically according
o - to date of accidents

Date - Mine Name - Type of accident Report No.
o = —] 1
X - 1

11/5/53 No. 1 Incline. : 'Explosion A.7.13
7/31/63 Cane Creek Mine Ignition A.7.10
8/27/63 Cane Creek Mine Explosion A.7.11
7/8/64 Climax Mine Fire & Explosion A.7.27
3/5/68 Belle Isle Mine Fire - A.7.24
5/20/770 Dead Horse Mine Ignition A.7.12
1/20/71 Star Mine ‘ Fire A.7.32
5/2/72 Sunshine Mine Fire A.7.14
3/22/73 Magma No. 9 shaft Fire A.7.29
5/9/75 Homestake Mine Fire A.7.15
3/29/76 Nash Draw Mine ' Asphyxiation A.7.5
4/1/76 Homestake Mine Fire A.7.48
4/5/76 Reserve Mine Fire A.7.31
6/8/76 Bellefonte Mine Fire A,7.35
6/22/76 Grace Mine Fire A.7.47
8/27/76 Silver Dollar Mine Fire A.7.23
10/18/76 San Manuel . Fire A.7.54
10/27/76 Belle Mine ) Ignition A,7.9
a/7/77 Kelley Mine Fire A,7.20
4/16/77 Cabin Creek Mine Fire A.7.38
5/6/77 Knight Mine Asphyxiation A.7.2
6/5/77 Alchem Trona Ignition A.7.8
6/27/77 Kelley Mine Shaft Fire A.7.21
7/20/77 New York Mine Fire A.7.22
8/26/77 Pleasant Gap Mine Fire A,7.52
9/20/77 Montevallo Mine Fire A.7.50
9/30/77 Climax Mine: | Fire A.7.41
10/3/77 Eagle Mine ~——~—- Fire aA.7.1¢
11/23/77 Sunshine Mine . Fire A,7.57
11/30/77 Sunshine Mine FPire A.7.58
12/8/77 Retsoff Mine Fire A.7.53
1/6/78 Cherokee Mine Fire A.7.40
1/22/78 Beyer Mine : Fire A.7.17
1/31/78 Georgia Marble No. 5 Fire A,7.45
2/22/78 Sunshine Mine Fire A,7.59
3/28/78 Cayuga Mine Fire A.7.39
4/19/78 Gordonsville Project Fire A.7.46
6/28/78 Bunker Hill Mine Fire A,7.26
8/8/78 Climax Mine . Fire A.7.42
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- Mine accidents chronologically according

= to date of accident (continued)

L e

Date Mine name Type of accident ...Report No.
9/12/78 Logan Wash Fire A,7.49
10/11/78 Climax Mine Fire A.7.43
10/16/78 Young Mine Fire A.7.61
11/1/78 USBM No. 1 Shaft Ignition A.7.7
12/1/78 Weeks Island Storage Fire A,7.60

Complex

12/6/78 USBM No. 1 shaft Fire A.7.33
12/16/78 Ozark Mine Fire A.7.51
i/e/79 Belle Isle Mine Fire A,.7.36
1/19/79 Water Lilly Mine Shaft Fire A.7.34
2/2/79 Belle Isle Mine Fire A.7.25
3/25/79 Crescent Mine Fire A.7.18
6/8/79 Belle Isle Mine Explosion A,7.6
11/15/79 Bunker Hill Mine Fire A.7.37
3/20/80 Sherman Mine Fire A.7.56
3/29/80 Lisbon Mine Gas Outburst A.7.4
4/6/80 Lisbon Mine Gas Outburst T
5/2/80 Magma Mine Fire A.7.16
5/17/80 ILisbon Mine Gas Outburst A.7.4
5/23/80 San Manuel Mine Fire A.7.55
7/7/80 Fletcher Mine Fire A.7.44
8/8/80 Miller Mine Fire A.7.30
8/10/80 Nevada Mine Suffocation A.7.3
9/19/80 Cross Mine Asphyxiation A.7.1
12/17/80 Lucky Friday Mine Fire A.7.28
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APPENDIX B

DISCUSSIONS WITH REPRESENTATIVES OF UNDERGROUND MINERS |

B.l1 Introduction

Suggested guidelines for SCSRs on underground metal and !
nonmetal mines are based in part on mine visits and discussions -
with mining groups. Underground observations were made in the i
_folloiwng mines:

a. Avery Island Mine, Avery Island, LA

b. Belle }Elg_ﬁiéé;:ﬁprgan.éggy; LA

. Bulldog Mountain Mine, Creede, CO

d. Cashin Mine, Paradox, CO

e. Ciggﬁgérvié;is Cgiioﬁéygg;arahé;okeéiﬁines, a I

Copper Hill, TN
f. Fire Fly and Grey Down Mines, San Juan County, UT

g. Friedensville, Center Valley, PA

h. LaSal Mine, LaSal, UT

1. Lucky Friday Mine, Mullan, ID

. Potash Company of America Mine, Carlsbad, NM
k. Probe Mine, Green River, UT

1. Schwartzwalder Mine, Golden, CO

m. Section 35 Mine, Ambrosia Lake, NM

n. Sunshine Mine, Big Creek, ID.

Individuals and organizations with whom discussions were held
are listed in subsection C.6 and may be summarized as follows:
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a. Miners in the stopes and drifts visited

b. MSHA Metal and Nonmetal Health and Safety District
Offices

c. Representatives of operators of underground metal and
nonmetal mines

d. United Steel Workers of America, Locals 18, 5089,
and 7854.

This appendlx summarizes those observatlons and discussions.

In many of the mines visited we wore or carried SCSRs. Some of

the miners we met took this opportunity to get a feel for working:

and traveling while wearing an SCSR. This we believe gave both
them and us better albeit limited knowledge and experience. 1In

our summary of discussions, we have attempted to refrain from . |

editorializing or otherwise changing the tone of opinions ex-= .
pressed; thus, the reader should understand that the contents of
those discussions do not necessarily reflect our opinions.

B.2 SCSR Design

Without exception, metal and nonmetal miners perceived in-
adequacies in the design of SCSRs for their needs, These are
discussed below individually; however, the concerns expressed
considered them mutually. ‘

Duratlon

"The one-hour capacity of SCSRs has little appllcablllty.

Many miners are within a 10- to 30-m1n walk to the surface.

of fire, for example, éscape by alternate routes could require
considerable effort over many hours.

In some mines, particularly multi-level operation, it takes
more than an hour to travel from the surface to many work sites,
and this involves a man train part of the way. In Bunker Hill
Mine, for example, it takes more than 1-1/2 hr to travel to

working areas in "J Country". Representatives of the 2000 miners

in the Coeur d'Alene Valley stated that if in-mine hoists were
inaccessible they would need 4 to 6 hours of oxygen for escape’
in the best of conditions. The extensiveness and complex travel
routes through mines in the Coeur d!Alene and elsewhere can be
appreciated in jsome . schematlcs of mine layouts in Appendix A.

Those representatlves “also questioned whether a one-hour SCSR
would provide oxygen for one hour to miners cllmblng several

_hundreds of feet of ladders ;n air _that normally 1s 1000F or

|
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‘more and 95 percent RH or more, _they suggested escape tlme\stQQ;es
would be important to their understanding of the adequacy of
SCSRS.

Our in-mine observations found the above comments to be
appropriate. In one mine, for example, the travel time from the
face to the surface was 5 minutes by the normal route and 2 hr
by the only other alternate. In a group of five medium-sized mines
the escape times determined in evacuation drills ranged from 15 to
36 min; escape routes included travel up wood-lined shafts.

Should fire prevent escape through a shaft, miners would have to
barricade at the bottom of an escape borehole and wait at least :
~an hour before a 2-person capsule could be made available. This,

however, might not be feasible; none of the miners we spoke with
were aware of their need to build barricades near the bottom of
an escape borehole; barricading materials were not observed.
Typically those boreholes have a fan on top blowing air into the
mine; should a borehole he needed for escape the fan would have
to be removed which, if barricades were not constructed, could
result in fire-produced gases flowing to the borehole,

Our observations in other mines indicated few miners knew
their secondary escape routes; fewer still had actually travelled
them. This was an important contributor to death in the
May 2, 1972 fire in Sunshine Mine.

We also observed numerous stopes where, should dense smoke
. enter the raise, it would be safer for miners to retreat to a
dead~end, preferably taking the compressed air hose if they could
locate one, and barricade. There they would wait for a mine
rescue team to retrieve them, which could be many hours later.
These were stopes where the one way in was the only way out.

Climatic Conditions .,

Seallng of SCSR cases was a matter of great concern. Pre-
vious experiences with F8Rs were cited. One of two models of
FSRs are vacuum sealed. In some mines all vacuum-secaled FSRs
had to be replaced; many exceeded the weight specification in
fewer than 90 days; the internal parts of many others "“rotted"
within two years. The manufacturer redesigned this model;

25 redesigned units were tried by the same mines and failed
in three months.

Two mine operators suspected the above described problem
was caused not by abuse but by the FSRs being subjected to twice
dally changes in elevatlon of up to 6, 000 ft and/or temperature
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differentials of up to 1509F. They were concerned that we had no
information regarding this for SCSRs, particularly because MSHA,
'NIOSH, U.S. Bureau of Mines and FSR manufacturers were well-aware
of the problem.

The low temperature limitations of SCSRs, 10 to 23°9F, were
expected to cause problems. For miners working near shafts and
in the many small drift mines, temperatures below 10°9F are
common for months. Frequently electrical power for heaters is
not available. Many.thought that to maintain the immediate . avall-
ability of SCSRs by using heaters,powered by batteries or genera-

tors, would result in a diminution of safety.

Size

Miners were unanimous in their expressions on the size of
SCSRs. They were shown only two types, MSA's model 464213 and
Draeger's 0OSY-SR-60B. Their sizes and shapes were considered
excessive and hazardous not only for normal wear and carry, but
for escape, particularly if vision was limited.

Many stated it was so difficult to carry lunch pails that they
generally left them elsewhere or did not bother with lunch. Some ‘

claimed to have problems with FSRs and cap lamp batterles, par-
ticularly while climbing in raises or operating a mucker or- jack ~
leg in a timbered drift. Numerous persons pointed out the
criticality of freedom of movement on ladders; reduced freedom

purportedly has caused .miners to lose their grip and fall.

Subsection 11-37 of Part 57, 30CFR, regquires ladderways
constructed after November 15, 1979 to have a minimum unobstructed
cross-sectional opening of 24 in. x 24 in. measured from the face
of the ladder. Variances are being requested for mines in steeply
dlpplng narrow veln deposits where follow1ng the ore and attempt-
ing to minimize dilution often requires smaller cross‘géétlons.
particularly in areas prone to rock bursts. Many ladderways =
established prior to that regulation have smaller cross-sections
Thus, stope and raise miners (who typically weigh 200 to 225 1b
and are 19 to 20 in. across the shoulders) could be correct in
wondering whether a larger opening would be necessary to accommo-:
date carryving an SCSR. They believed the problem could be
greater in an emergency, expressing much concern with the exposed
breathing bag and its potential for being torn by splinters,
nails and wires along the ladders.
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In one mine, we made a cursory test of carrving and of escape
with an SCSR in a raise similar to that depicted in Figure B-1.
It should be noted that the person was slighter in build than the
typical raise miner, weighing 145 1b and having a shoulder-to-
shoulder measurement of 17 in. Also, the ladderway, 30 in, x 30 in.
with a steel ladder, was of superior quality. No problems were
encountered going down into the stope; because the upper half of
the body was farthest from the ladder there was sufficient space
for the breathing bag which was at chest level.  When climbing up,
however, and particularly when opening landing guards and making
the transition to the next ladder, the breathing bag caught on
the ladder and some landing guards; once, part of the bag caught
between rungs on the ladder. This experience indicated the pos-
sible importance of tests with SCSRs having breathing bags below
chest level; such might interfere with climbing down as well
as up. :

B.3 Storage

Almost every person we met was firm in his belief that present
SCSRs could not and would not be worn, carried or kept within
25 £t of most miners. Almost all metal and nonmetal miners said
_that to derive the maximum benefit, SCSRs must be readily available
and storage was a probable 1mpractlcallty.

Reasons given for the above contradiction, that SCSRs had
to be immediately available to be of use vet it was unlikely that
they could or would be, included the following:

a. "You can appreciate there will be proklems with the
storage concept. Again using an example, a miner's
work will cause him to move in and out of several ac-
cess drifts around the active stope. There is no way
a cache of units will remain within 25 ft of the man
or any other selected travel distance. Further, if
completely engulfed in smoke, vou can also envision
how easy it would be (particularly considering the
probability of panic) for the man to become disoriented
in that maze and never make his way to the cache.™

b. "...it seems appropriate to discuss the suggestion put
forward to store the SCSRs and continue wearing the
current self-rescuer. The miner would use it to get
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to the SCSR cache where he would switch units. We
believe this will lead to increased fatalities because
the idea 'has serious flaws. It is well established

that a man is rendered unconscious in a few breaths

in a 1 percent CO-laden atmosphere and succumbs shortly
thereafter. One breath means the man's certain end.

Now feature a man who is even mildly excited, thereby
increasing his breathing rate, taking off his self-
rescuer in a CO-laden atmosphere and putting on an

SCSR. He is going to breathe during the exchange and
this will be his finish. The scenario is so0 potentially
dangerous it is hard for prudent men to conceive that it
would be workable."

"TIf the storage concept is adopted how does an operator
cover those employees who are transients in the mine?
This category of people includes such people as visitors,
foremen, and other supervisors, geologists, electricians,
mechanics, monitoring technicians, etc. They must tra-
vel up raises and through the same places as miners.

If the miner cannot wear the device and work, it is hard
to see how these people can do otherwise. Some of these
people such as electricians, technicians, and geologists
are heavily burdened with tools, probes, and instru-
ments. They are already weighed down more than any
miner. They move through the mine and never return to

a given area. How can they be expected to remain within
some selected distance of a cache? These people present
a particularly difficult situation.”

"I am convinced personnel in our mine must have the

units on their person or within easy reach at all times.
A stope miner, for example, 100 £t from the bottom of

the manway is also 100 ft from the top. If he left his
SCSR at the top and then climbed to the bottom to work

on a hung chute, for example, and met an emergency, he
would be out of luck. Vertical movement in our type

of mine is common and frequent and dictates strongly

the need to wear the self-rescuer. One hundred percent
of our personnel wear their units (filter SRs). They

may take them off along with their lamp belt when they
sit down to eat, but that is it. So I will say that
consideration of SCSRs for our mine should be on the
basis of weéaring them. The only alternative would be to
wear some other type unit and move toward a cache of
SCSRs. If an alternate unit is adequate to reach a cache
(one must remember the great distances that could be
involved), it is adequate to reach a source of fresh air."
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"Our miners work great distances from each other, so we
would 'need more than one central location and we would
need just about a location for every stope. Again they
could use their old one (FSR) and walk to a fresh air
source quicker than they could change rescuers."

"In a mechanized mine the proposed SCSRs would have to
be carried into and out of the mine by each employee
and would be stowed during the shift on the machine
operated by that employee. This would subject the units
to extreme handling abuse and could contribute to slips

and falls during machine 1ngress/egress. .These unltsif

would burden employees who are wearing cap lamps and
batteries and carrying lunch buckets to the point that
they would be treated much the same as infantrymen
treated heavy, cumbersome, nonfunctional equipment dur-
ing past wars. They would be conveniently misplaced,
forgotten, destroyed or ignored. Thus, the effective-
ness of the SCSR would be lost."”

"As far as mounting the units, mining equipment has

never been adaptable to mounting anything on and being
able to keep it in working condition. Fire extinguishers
were hard enough to solve."

"Storage of SCSRs on equipment such as front-end loaders
and LHDs is impractical. Should the equipment catch on
fire - and equipment fires are among the most common -
the operator would not be able to try to obtain both the
equipment-mounted fire extinguisher and SCSR. In the
event of such fire which would you attempt to get?"
(Note: This needs to be considered further; edquipment
fires described in Appendix A became serious because the
first action of machine operators was to leave the com-
partment and subsequent efforts to reach fire extin-
guishers failed.)

"Storage on machines doesn't seem like a good idea,
because in an emergency first you take a running fit,
then you get your mind back. By then, you could be far
from your self-rescuer stored on the machine."

"...the relationship of the ventilation system to a
storage plan. This will be difficult if not impossible
to establish. There are so many different stoping
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methods requiring different development layouts in metal
mines which are "tight" in space and configuration that
one can always rely on some ventilation reversal in a
fire. This may occur through the whole mine or in var=
ious parts. Given the unpredictability, how can one be
expected to know where to store SCSRs so they are
accesgsible?"”

k. "If a .regulation is going to be written concerning areas
for storage of rescue equipment, the areas should be
specified pursuant to travel times by an average indi-
vidual from their work place rather than specific loca-
tions in a mine such as shaft stations. In determining
the time from the work place, any travel by mechanized
means such as underground motors or a hoist should be
excluded so that all times are determined by a person
walking through a smokey atmosphere."

B.4 Inspection,. Testing, and Training

i Ihspectlon and Testlng

MSHA and operators of the larger mines inspect, test and
maintain records of FSRs for many small mines. This practice, we
are led to understand, is at no cost to the small mine operators
and does not inconvenience the "inspector." Some "inspectors"
expressed doubts whether this practice could continue for SCSRs
mainly because of the greater space and testing time required.

Records in two mining districts indicated an annual loss
through damage of 30 and 10 percent of FSRs for small and
large mines, respectively. The relatively high rate of FSR loss
for small mines was attributed to miners taking their mine belts
with FSR and cap lamp battery from work to home, generally in
the back of a pick-up truck. We believe this to be the probable
cause because observations in small and large mines indicated
conditions did not differ importantly as far as FSR wear-and-tear
was concerned. SCSRs are not likely to survive' storage in the
back of a pick-up truck. Thus, SCSRs may fail to serve the needs
of persons in small mines more guickly than persons in large mines.

The chance of needing an SCSR for escape from fire may be
greater in small than 'in large mines, based on our observations
in the Colorado plateau uranium and silver-copper regions. All
mid- to large-size mines had two or more separate routes for
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egress and positive, well designed ventilation. Most small mines
had one practical route for egress. Some had only one drift;
others had several drifts of which only one was passable unless
persons were to escape through areas with rotted timbers, loose
ground, radon-daughter concentrations (5.3 WL in one mine visited),
and recirculating air. At one small mine, the main fan was in the
drift, 6 £t from the portal; at another, the fan was at the mouth
of the drift. Scrap wood, drums of diesel fuel, gasoline-powered
hoists, LHDs, and pick-up trucks were within 10 to 40 ft of the
portals. At those two mines, fire near the portals would quickly
fill the drift and active workings with toxic fumes; this is
unlikely to impossible at the nearby larger operations. Fire

in an ILHD on the drift could prevent miners' escape through a

one drift mine.

In the event of emergency in most mid- to large- size mines,
both people and telephone and/or radio communications are availa-
ble for rapid warning and evacuation of miners. At most of the
small mines a miner's first awareness of the need to escape would
probably be abnormal smoke, heat or flame; seldom are other
miners or means for communlcatlon avallable

Training_

Representatives of metal miners expressed concerns about
SCSR training. Their concerns were based on the claim that miners
in some locals had never donned an FSR. They suggested regula—f\
~tions for SCSR training be spe01f1c, "not amblguous generalities,

like you have for coal miners.'

Representatives of mine operators also expressed the need
for specific training requlations. One pointed out his concern
for our suggestion that training, inspection, maintenance and
testing has been extensively researched during the development
of SCSR guidelines for coal. He stated, "We would suggest that
you do not rely too much on the data collected for coal mines
and address the conditions which exist in metal/ndnmetal mines.
If the tests assume like conditions between metal/nonmetal and
coal the data may reflect a bias."

B.5 Economic Impact

The economic impact of SCSRs was among the many points
raised by representatives from government and labor as well as
mine operators. Although this subject had no bearing in formu-
lating these guidelines, their comments are given below for equity
and interest.
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The consensus of persons responsible for enforcing Mine_.Health
and Safety regulations was that storage could be the dominant
means for making SCSRs available. This would necessitate operators
submitting plans specific to each mine. In turn, enforcement per-
gsonnel would have to make detailed investigations of each plan.
Based on present experiences with requests for variances on fire
door regulations, one district estimates at least 5000 manhours
of effort would be required for this. Some inspectors expressed
concern that with the possible reductions in future staffing,
SCSR-plan approval activities could take away from other health
and safety efforts.

Some representatives of miners pointed out the initial cost

of an SCSR was less than 3 days' pay for many miners. "Cost, there—;__

fore, should not be a considered factor." .One person wrote us, in
his discussion of compartmentalized ventilation systems for multi-
level miners, "While I am not aware of the cost of boreholes, I am
aware of the financial impact, for the loss of human lives in
mines... It seems to me that regardiess of how many millions of
dollars the government spends on enforcement of safety guidelines
and mandatory safety standards, the danger of a repeat of the
Sunshine Mine fire will always exist until the ventilation systems
in large underground mines properly reflect concern, both in
design and in construction, for fires. As you know, it is the
ventilation system which determines whether an underground fire

is merely a nuisance or a disaster. It seems, therefore, more
intelligent to require improved ventilation and obtain that by
using the monies that would be spent on requiring oxyvgen self-
rescuers instead of positive good air."

Representatives of uranium mine operators expressed great
concern with potential costs for SCSRs. . The concern they explained
was the present and long-term forecasted depressed state of the
industry. One presented data he believed would be typical of
Colorado Plateau uranium mines: "In 1981, the mine had an operatlnq
loss of $0.92/1b of recovered uranium ox1de (U3Og) Progectlons L
for fiscal 1982 indicate a loss of $0.64/1b recovered. We will,
however, continue to operate this mine for an undetermined period
to discover if certain economies will turn the loss into a profit.
With the additicnal expense of the SCSR program if it were to be
instituted during fiscal 1982, the operating loss would be an
additional $0.15 or $0.79/1b - an amountfwe would find unsurmount-
able, forcing closure of the operatlon.

Another operator, with responsibility for 24 uranium mines
and 96 miners, wrote, "To require that each miner be equipped
with an SCSR means that a total of $56,700 would have to be
expended. The economicg of metal mining decry the application of
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a device which is about ten times as expensive as the current
device and does not promise to significantly serve the need
better.,”

An operator of a silver mine estimated the costs to provide
miners with SCSRs would represent up to 20 percent of his yearly
profit. The manager of mine safety for a major corporation anti-
cipates an annual cost of from $600,000 to $750,000 to provide
SCSRs for its 1000 underground employees; this was predicated on
their belief that for conditions in his company's mines, SCSRs
could not be stored resulting in at best a l-year life expectancy.

B.6 SCSR Discussions

Persons and their affiliations with whom SCSRs were dis-

cussed are listed on the following pages. Not included, but of
great importance to the knowledge gained in this study, are the
more than 100 miners who took the time to discuss SCSRs, FSRs,
and escape. :

1. AMAX Chemical Corporation
R.D. Brown, Vice President, Carlsbad Operations

2. American Gilsonite
Paul Fessenden, Mine Superintendent
Robert J. Ranes, Safety Engineer

3. The Anaconda Copper Company
Hugh Graham, Safety Department

1, ASARCO
David N. Lewis, Cover Unit Superintendent
Terry W. Tew, Chief Engineer, Leadville Unit
John Lomas, Safety Director, Northwestern Operations
Kim Bradshaw, Safety Inspector, Galena Unit

5. Atlas Minerals
Thomas L. Wilson, Manager of Mines
Jack Erwin, District Mine Foreman
D. Benham, Chief Engineer

6. Black Cloud Mine (ASARCO),
Leadville, CO

7. Bovey Engineers (Spokane, ID)
George Wallace

8. Bunker Hill Company
Ed Holbert, Safety Engineer
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. 10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21,

Eagle Mine

Cashin Mine (Paradox, CO)
Thomas Crabbe, Contract Miner

Chevron 0il Company
Terry Tilley

Cities Service Company
B.W. Chastain, Safety Engineer

Cleveland-Cliffg
Alvin Langstaff, Mining Engineer

Climax Molybdenum Company

James Keith, Safety Director

Daniel Larkin, Safety Engineer
Joseph Rivera, Safety Inspector
Michael Nay, Regulations Coordinator

Cotter Corporation :
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Carl Urban, Jr., Safety Director Schwartzwalder Mine

Darrell Pettyjohn
Jerry Powers
Steven Engelman

Alvin Dee Mining (Moak,; UT)
Dwayne Johnston, Centractor

Duval Corporation

Jack Hunt, General Superintendent, Carlsbad Operation

Gilman, CO (see New Jersey? inc, Item No. 35)

Energy Fuels, Nuclear Industries
Richard D. Husted, Mine Safety Engineer

Exxon Colony Operations
Roland Wilson, Safety Director, Exxon

Fire Fly Mines (Moab, UT)

Kent Gordon, Contractor

Vern Shumway, Director of Operations
Virgil Ellis, Director of Operations
Theodore Shannon, Director of Operations

Grey Dawn Mines
Ray Pene, Contractor
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22. Hecla Mining Company
Bert Fetter, Safety Department, Lucky Friday Operations
Jon Langstaff, Senior Safety Engineer

23. Don Holies Contractors (Vernal, UT)
Michael Smith, Foreman-Miner

24, Homestake Mining Company
Steven Smith, Safety Director, Bulldog Mountain Mine
J. Fowler, Shift Boss, DO
M. McClure, Shift Boss, DO
John Magee, Mine Superintendent, DO
M.M. Roeber, Chief Geologist, DO
T.M. Robertson, Resident Manager, DO

25. Alan K. Hull, Attorney at lLaw, Boise, ID

26. International Minerals & Chemical Corporation
R.W. Hougland, Vice President/General Manager,
Carlsbad Operations

27. ZKennecott Minerals :Company
W.G. Miles, Manager, Safety and. Security

28. Kerr-McGee Corporation
G.D. Milligan, Manager of Mine Safety
Walter Case, Superinterident, Hobbs Potash Facility

Mike Peralta, Company Safety Inspector, Grants Operations';

. Calvin S. Edwards, Director of Safety, Grants Operations
Arzell Hale, Director of Safety, Trona Operations

29, M-E Mining (Moab, UT)
L. McNeely, Contractor

30. Mine Safety and Health Administration (MSHA)
- - Thomas Shepick
Aurel Goodwin
Frank J, Delimba
Michael P. Trainor, Northeastern District Manager
Horst S. Gottschalk, Southeastern District Manager
Monford P. Turner, Supervisor, Mining Engineer
- Wayne D. Kanack, South Central District Manager
Harold Yount
Henry Soto
H.P. .Richardson
Marvin Nickels, Dallas Subdistrict Manager
William McCullough
William Gardner, Rocky Mountain District Manager

Jack S. Petty, Denver Subdistrictﬁﬂéyager
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32.

33.

- 34.

35.

36.

37,

38.

39,
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Thomas J. Caster, Supervisor, Mine Inspector

H.G. Plimpton, Salt Lake City Subdistrict Manager
Jack Baker, Supervisor, Mine Inspector

Ronald Beason, Mine Inspector

Larry E. Nelson, Supervisor, Mine Inspector

Larry Q. Weberqg, Supervisor, Mine Inspector

Gary Fowler, Mine Inspector

Ralph Foster, Mining Engineer (ventilation)

Mississippl Chemical Corporation
J.H. Walls, General Manager, Carlsbad Operations

Mobil 0il Corporation
Michael Carlozzi

Multi Mineral Corporation
Daniel Koss

National Potash Corporation
R.B. Foster, General Manager, Carlsbad Operations

The New Jersey Zinc Company

Patrick J. Dougherty, Mine Engineer, Gilman Operations

Durbin McIlnay, Mine Superintendent, Gilman Operations

Kenneth Cox, Manager Friedensville Operations

Donald Habersberger, Chief Engineer, Friedensville
Operations

Occidental ¢0il Shale, Inc.

Levi Brake, Manager, Safety/Health/Security
James Townsend, Ventilation Engineer

John Robson, Mining Engineer

Phillips Petroleum

Joseph Ingvalson

Potash Company of America

David Rice, Vice President, U.S. Operations

Donald Roberts, Mine Superintendent, Carlsbad Operations
Roy H. Blackman, Attorney at Law

Rio Algom Corporation

A. Christianson, Shift Boss.

T.R. Sullivan, Mine Engineer

L.M. Key, Shift Boss

Joseph Vancil, Mine Superintendent
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- 40.

41,

42.

43.

Rio Blanco 0il Shale Company
Paul Marshall, Superintendent

Sunshine Mining Corporation
Robert E. Launhardt, Safety Director
L., Wadsworth, Safety Engineer

Tosco Corporation
Michael D. McGuire, Senior Safety Supervisor

Union Carbide Corporation

Carl R. Thomas, Safety Engineer, Urevan Area
Gordon Sampson, Safety Engineer, LaSal Area
E.A. Piersall, Safety Director, Metals Division
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APPENDIX C

Memorandum on Self-Contained Self-Rescuers,
from MSHA Coal Mine Administrator
to District Managers
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* U.S. Department of Labor Mine Safety and Health Administration &-‘
4015 Wilson Boulevard
Arlington, Virginia 22203
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DEC 31 1981

CMS&H Memo No. 82-3-A(5003)

MEMORANDUM FOR: DISTRICT MANAGERS
Coal Mine Safety and Hea

FROM: JOSEPH A. LAMONICA
Administrator
for Coal Mine Sa

and Health

SUBJECT: Guidelines for Permittin Storage of Self-Contained
Self-Rescuers (75.1714-2 e

Since issuance of the subject memorandum on June 8, 1981, comments

have been received by this office from interested parties. After

due deliberation of these comments, the subject memorandum fs hereby
reissued with the paragraphs changed from the June 8, 1981, memorandum
;dentiféed with an asterisk (*). Minor clarifying changes have also
een made. - X

The District Manager 1s required {n Section 75.1714-2(e)(1) to consider
eleven factors in deciding whether to permit an operator to place a
self-contained self-rescuer {SCSR) more than 25 feet from a miner, In
order to assist you when considering these factors, the following guide-
lines are provided and should be used to determine (1) whether to

permit or prohibit storage, (2) storage distances, and (3) storage
methods and procedures.

(3) Distance from affected sections to surface.

* If the deepest pvenetration of a working section is

not farther from the surface than the travel distance
listed in (141) below, the District Manager may approve
a plan for the operator to provide miners only with
filter-type self-rescuers. However, when the deepest
penetration of & working section is greater than the
travel distance listed in (1i1) below, operators shall
be required to provide self-contained self-rescuers.

{(11) Pitch of seam in affected sections.

* In pitching seams, such as encountered in anthracite
mines, self-contained self-rescuers should be stored
on Tevel travelusys.
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(i11) Height of coal seam in affected sections.

Height of Coal Seam (Inches)

The height of the travelway affects the speed of
travel and consequently the distance that miners
may be away from stored self-contained self-rescuers.

Miners generally should not be farther from self-
contained self-rescuers than a distance that they
can travel at a normal pace in 5 minutes. However,
the time and distance can be increased or decreased
after considering all factors. HMiners should never
be farther from sclf-contained self-rescuers than

a distance they can travel at a normal pace in

10 minutes.

To assist you in establishing the maximum storage

distance, the following table is suggested; Inter-

potation of the table for travel distances should

?g mage for coal seam heights not specifically
sted.
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5-Minute Travel Distance (Feet)

60 or more “ 1,Q00
36 - 46 700
30 or less 400

(iv) Location of escapeways.

*

{v)

Where designated escapeways are not readily available,
such as during travel in remote locations of bleeders
and return airways, storage of SCSRs should be limited
to not more than 5 minutes travel time.

Proposed location of self-contained self-rescuers.

The preferred locations for storage of self-contained
self-rescuers ure in the intake escapeway and accessible
from more than one entry.

The environment in the storage locatfon should be in
accordance with manufacturers' recommendations.

Storage plans should include provisions for segregating
visft?rs‘ SCSRs from those provided for employees at
the mine.

Fach miner must be trained to know the specific location
of the SCSR that is available for him/her,



(vif)

(viit)

{1x)

(x}

{x1)

Type of work performed by affected miners.

Different plans may be approved for various categories
of miners, dependent primarily upon the amount of

travel required to perform thefr work. Storage plans
for section workers should rarely allow for travel times
greater than 5 minutes. Storage plans for rovers may
allow for travel time of up to 10 minutes.

Degree of risk to which affected miners are exposed.

The amount of methane 1iberation and the size and

type of power systems, {.e. battery, electrical (a.c.
or d.c.) or diesel, are some of the factors that should
be considered when evaluating the degree of risk.
Another factor should be the history of violations

that could lead to the cause and effect of fires,
explosions and {nundations.

Potential for breaking into oxygen deficient atmospheres.

When mining near abandoned areas as described in
Section 75.1701, or into areas having a high potential
for outbursts, storage of self-contained self—rescuers
shall not be permitted.

Type of risks to which affected miners are exposed.

The types of risks that should be considered when
evaluating storage plans are the risks associated
with explosions, fires, and inundations,

Accident history of mine.

The types of accidents which should be considered
are those relating to explosions, fires. inundation
of gases, and outhursts.

Other matters bearing upon the safety of miners.

Storage plans should include a requirement for
examination of SCSRs during the period of the
preshift examination or at the beginning of the
shift. .

Plans should include a provison that would permit
any miner to wear or carry a SCSR.

The tests required under the provisions of
Section 75.1714-3(d) shall be made in accordance
with the manufacturer's approved instructions.
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The minimum number of SCSRs underground at each
mine must be equal to or greater than the number
of miners underground.

Also, you have received a copy of "Guidelines for Oxygen Self-Rescuers"
Volumes I and 1I. This report has been distributed by the Bureau of

-~ Mines and will be used by many operators as 8 basis for developing

storage plans. Many recommendations made in the report were included

above and others will be helpful to the operator in preparing a storage
plan, and to you in approving plans., However, the guidance provided in

this memorandum for the eleven factors should be the primary source of
guidance when giving permission for storage of self-contained self-rescuers,
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Mine Safety and Health Adminlstration
4015 Wilson Boutevard
Arlington, Virginia 22203 I

-

' Jad 4
CEMNTRAL STATES
pec 31 861 INDUSTRIES, INC.

CMS&H Memo No. 82-2-A (5003)

MEMORANDUM FOR: DISTRICT MANAGERS
Coal Mine Safety and Hea

FROM: JOSEPH A. LAMONICA
: Administrator
for Coal Mine Sa and Health
SUBJECT: Interpretation of Section 75.1714, 30 CFR 75,
and Section 75.1106, 30 CFR 75

Since issuance of the subject memorandum on June 8, 1981, comments
have been received by this office from interested parties. After

due deliberation of these comments, the subject memorandum i1s hereby
refssued with the paragraph changed from the June 8, 1981, memorandum
identified with an asterisk (*). E

Self-contained self-rescuers must soon be made available to miners
under the subject regulatfon. Experience with filter self-rescuers
under the same regulation and studies at a number of mines indicate

2 need for the following interpretations of some provisions of this
and other regulations to minimize compliance and enforcement problems:

Section 75.1714(a) - The term "vis{tor" includes insurance
inspectors, equipment manufacturers' representatives, and
others to whom the mine operator may deny entry, but dees
not include persons having the right to enter the mine.

Section 75.1714-1(b)(3) - Under this section, MSHA will
consider for approval as a self-rescue device or devices,
when used and maintalned as prescribed by MSHA, a combination
of separate 10-ninute and 60-minute self-contained breathing
apparatus approved under Subpart H of 30 CFR 11,

Section 75.1714-2(c) - The determination that wearing the
self-contained self-rescuer is hazardous may be made by an
individual miner or by the operator. The inspector should
not issue a titation unless the person is more than 25 feet
from their self-contained self-rescuer.
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Section 75.1714-2(e)(3) - This section prohibits the operator
from obtaining permission from the District Manager to place

the self-contained self-rescuers more than 25 feet away from

the miners on mantrips into and out of the mine. For purposes

of this section only, miners are not considered to be on mantrips
while walking intc or out of the mine, or while being transported
in shafts or slopes. Therefore, permission may be granted for
storage of self-contained self-rescuers for miners in these
situations.

Section 75.1106-2 - Transportation, handling, and storage of
any compressed oxygen ¢ylinders associated with approved self-
contained self-rescuers are not controlled by this standard
because they are personal protective devices rather than
mining equipment.




