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ABSTRACT

Federal regulations require that
every person who goes into an under-
ground coal mne In the United
States be supplied with a Self-Con-
tained Self-Rescuer (SCSR?, a device
capable of providing at least 60
mnutes of oxygen regardless of
anbi ent atnosphere.  The devel opment
of oxygen self-rescuer technology
suitable for in-mine use was a
conmplicated engineering research and
project management problem  The
purpose of this paper is to trace
the role which the Bureau of M nes
played in the devel opment of this
technology in the United States from
1969 to the present.

| NTRODUCTI ON

When a mne disaster occurs, the
basi ¢ survival technique for a mner
is to escape fromthe mne.

Fol lowing a mne fire or explosion,
the atnmosphere inside a mne
sometimes becones oxygen-deficient
or filled with toxic gases. Under
these circunstances, escape is
nearly impossible unless a mner is
equiﬁped with a self-rescue device
which supplies oxygen without the
need of breathing mne air.

Federal regulations (30 CFR
75.1714) require that every person
who goes into an underground coal
mne in the United States nust be
supplied with an SCSR  An SCR is
an emergency breathing apparatus
designed for the purpose of mne
escape. It nust be capable of
providing at least 60 mnutes of
oxygen, regardless of the ambient
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atmosphere.  Only SCSR's approved by
the National Institute of
Occupational Safety and Health

(NIOSH) and the M ne Safety and
Health Administration (MSHA) can
meet the provisions of the

regul ations.

These regqulations becane effective
on June 21, 1981, about two and
one-half years after they were
pronul gated by the Mne Safet?/ and
Heal th MSHA.  Their successfu
implementation depended crucially on
two factors: (1) the commercial
availability of approved SCSR's, and
(2) acceptance by mne operators and
mne workers that SCSR's were rugged
enough to survive deployment
underground and function reliably in
the event of a mne disaster.

The purpose of this paper is to
examne the role which the Bureau of
M nes played in the devel opment of
SCSR technology.  The devel opment
process, translating a conceptual
design for an oxygen self rescuer
into a workable SCSR technol ogy, was
a conplicated engineering research

and project management problem
What will be shown in this report is
that the Bureau of M nes

successful Iy devel oped prototype
SCSR's approved for in-mne use.
These prototypes, because they
derived fromproven, available
technology, demonstrated the
feasibility of the SCSR concept,
encouragi ng manufacturers to adapt
and modify this technology for
commercial production.

SCSR DESI GN' CONCEPTS

In 1969, the National Acadeny of
Engi neering established a Commttee
on M ne Rescue and Survival
Techniques at the request of the
Bureau of Mnes. The purpose of
this committee was to conduct a
study program to assess technologies
which could inmprove significantly a
miner's chances for survival
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followingamnefireor explosion
(National Acadeny of Engineering
Commttee on M ne Rescue, 1969).

Based on a survey of underground
coal mne disasters from 1950 to
1969, the NAE commttee believed
that a miner's chances for survival
fol I owing a mne disaster could be
significantly inproved if he were
equi pped with a new type of
emergency breathing apparatus, one
whi ch suppl i ed oxygen without the
need for breathing anbient mne air.
Such a device, they argued, was well
wi thin the reach of existing
technol ogy. Thus, the NAE comittee
recormended that the Bureau of M nes
devel op SCSR technol ogy and
described how an SCSR shoul d
optimally performfor mne escape
pur poses.

The SCSR desi gn requirements which
emerged fromthe NAE committee's
recormendations defined how an SCSR
shoul d optimally performfor mne
escape purposes. There were nine
desi gn requirements:

(1) Provide respirable atnosphere,
regardl ess of environment;

?2) Permt intermttant voice
cngrn%catroni Eetmeeq m ners;

upply 1 hour of oxygen at a
work rate defined by 30 CJX-(}}R 11,
NIOSH Man Test 4; _

(4 Shoul d be I'ightweight and
compact ; . .

(9) Shoul d be reliable and sinple
tooperate, providingimediate
safe oxngn level s at startup;

(6) Shoul d be acceptable to
miners;

Shoul d be rugged;

(8 Materials and design shoul d be
wi thin present state-of-the-art; and
(9 Target costs should be Iess
than $0 per unit (in 199 dollars)
for 50,000 to 70,000 units produced

within atw year period.

Besi des defining how an SCSR had
to optimally performfor mne escape
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purposes, the NAE committee al so
described two conceptual designs for
SCSR's, which they felt could
potentially neet all nine design
requirements.

There are two ways to obtain
oxygen in SCSR's: by storing oxygen
physi cal | ?/_as a conpressed gas or a
cyrogenic [iquid, or by generating
oxygen chemcally. Fromthe start,
| i'qui d oxygen SCSR's were rul ed out
because such a storage sytem
represented a high devel opment risk.
Chemical o0xygen sources were favored
over conpressed oxygen because
available bottled oxygen technology
could not meet the conpact size and
wei ght requirements. Another reason
for favoring chemical oxygen sources
was that even if a conpressed oxygen
SCSR coul d be built, it was believed
that a chemcal oxygen SCSR woul d
have fewer moving parts and, as a
result, have lower maintenance
requirenments and higher reliability.

Both NAE designs used chem ca
oxygen sources, and, in order to
meet the requirements of a 1 hour
oxygen supply and conpact size, both
used a closed-loop breat hing o
circuit. In aclosed-1oop breathing
apparatus, all inhal ed and exhal ed -
alr is kept within the breath|nP
circuit, conservingthe available
oxygen for reuse whi'le requiri ng
that the carbon di oxide produced by
the body be absorbed. The NAE
conmttee suggested that two
different oxygen sources be
considered:

(1) a sodiumchlorate candle plus
a carbon di oxi de scrubber, and
(2) potassium superoxide.

SCSR'S DEVELOPED BY THE BUREAU CF
M NES

The Bureau of M nes, successfully
devel oEed five different SCSR's
through research contracts with
private industries.
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In the order in which they were
devel oped, the five SCSR's are:

(1) Westinghouse Electric Corp.,

Pe;sonal Breat hing Apparatus (PBA
(2) Mne Safety Appliance
Co., 10 Mnute SCSR 1973,
(3) Lockheed M ssiles and Space
Corp., PBA 1974,
4) MA 10/60 1978, and
5 US Divers Self-Contained

Energency Breathing Apparatus 60
( éo 1931). J P

Al five devices are shown in

Figure 1. The size, weight, and
operating characteristics of each
device are listed in Table 1.

West i nghouse Electric Corp., PBA

The Bureau of Mnes funded
Westinghouse Electric Corp. to
devel op a 1 hour, sodiumchlorate
candl e SCSR (Westinghouse Corp.,
1971).

The \estinghouse PBA was a
straightforward feasibility
denonstration of the SCSR concept
using available technol ogy as a
starting point. It met nost of the
Oﬁtl mum design requirements. \hile
the Westinghouse PBA was made as
smal | as ﬂOSSIble wi thin the
state-of-the-art for sodium chlorate
candles, its overall size and weight
made it inpractical for mners to
carry this SCSR constantly.  Figure
2 shows the \estinghouse PBA in use
on a mner.

Since the Westinghouse PBA was a
closed circuit breathing apparatus,
it used pure oxygen as the breathing
medi um generating oxyt};en by burning
a sodiumchlorate candle. The
sodium chlorate candle was ignited
automatically when the SCSR was
pul led fromits carrying container.
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The flow path through the Westi n%-
house PBA is shown in Figure 3. The
wearer breathes oxEyg?]en to and from
breathing bags. Exhal ed gas passes
through a canister containing a
carbon di oxi de absorbent - lithium
hydroxide. Fresh oxygen from the
sodi um chlorate candle is constantly
added to the breathing circuit. The
amount of oxygen added will support
a mn working at the hardest work
possible. Therefore, nore oxygen IS
generated than is normally used by a
man not working at maxinum effort.
The ox?;gen not used is vented
through a one-way relief valve in
the right breathing bag. This
relief valve vents at a very |ow
pressure build-up, and therefore,
normal Iy vents nost of the tinme the
apparatus is in use.

~ Separate tubes provide for

i nhal ation and exhal ati on.

Breathing check valves in the
mout hpi ece maintain one-way flow of
the oxy%en, preventing the wearer
rebreathing gas from which carbon

di oxi de has not been removed.
Rebreat hing does not occur until the
exhaled gas has been passed through
the lithium hydroxi de.

A plastic hood with a rubber neck
seal and ant|f0ﬁg| ng goggles is
sealed around the nouthpiece to
provide eye protection to the mner,
to permt the mner to renove the
mout hpi ece without admtting
contamnated air, and to ensure
universal fit of the apparatus. A
nose clip on the eye Bl ece holds the
nose shut to prevent breathing from
t he hood.

MSA 10-Minute SCSR

Because of the size of the
lest i nghouse PBA, the Bureau of
Mnes funded two separate contracts
for the development of a 10-minute,
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belt wearable SCSR and a 1-hour SCSR
using potassium superoxide as the
oxygen source. The devel opment of
the MSA 10-minute SCSR will Dbe
discussed first (Mne Safety
Appliances Co., 1972).

Figure 4 shows the MSA 10-mnute
SCSR “depl oyed for use. In order to
meet belt-wearability requirenent,
this SCR was designed to use a
pendul umbreathing circuit.

Figure 5is a drawing of the
flow path through the MSA 10-mnute
SCSR ~ The exhaled air goes through
the potassium superoxide hed where
oxygen is produced and carhon
dioxide is absorbed; then the
exhaled air goes into the breathing
bag. On inhalation, the gas from
the bag returns by way of the sane
route. ~ The split potassium
suEerOX|de bed design was chosen to
make maxi mum use of the potassium
superoxi de while keeping overal
breathing resistance low  The
Bressune relief valve on the

reathing bag is necessary because
the ﬁota33|un1 super oxi de produces
slightly more oxygen than is needed
For safety, the potassium superoxide
bed is designed to absorb all carhon
di oxide, and thus, over produces
oxygen. The relief valve is a
one-way valve so that no toxic gases
can enter the breathing bag.

Because potassium superoxide does
not provide oxygen instantly, a
supply of oxygen is provided by a
sodi um chlorate candle for the first
45 seconds. This helps inflate the
breathing bag and provides the
oxygen the wearer would need for the
first mnute or so. By that tine
enough breath noisture will have
reacted with the potassium
superoxide so as to provide the
oxygen needed.

Inside the plastic carrying case

the MSA 10-mnute SCSR is packed in -
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a doubl e-seal ed vapor bag. After
opening the sealed bag, the SCSR is
donned by putting the baP strap over
the neck. ~ The sodium chlorate
candle is started automatically by

pullingafiring pinwhichis
attached to the goggles used to
protect the eyes from smoke. The

entire donning oPeration can be
accomplished In less than 30 sec-
onds.

The results of man tests of the
MSA 10-minute SCSR showed that the
device would last at least 10 min-
utes or |onger depending on work
rate.

LOCKHEED PBA

In a parallel effort, the Bureau
of Mnes funded a contract with
Lockheed Missiles and Space Corp.,
to develop 1-hour potassium
superoxide SCSR (Lockheed M ssiles
and Space Corp., 1974).

The Lockheed PBA is shown in Figure
6 and a flow path diagram is shown
in Figure 7. In this SCSR the
wearer exhal es through the exhal a-
tion breathing tube down through the
potassium superoxi de hed and into
the breathing bag. On inhalation
oxygen enriched air scrubbed of
carbon dioxide, bypasses the potas-
sium superoxide bed by way of the
return duct, then enters the inhala-
tion breathing tube and passes into
the mouthpiece, check valves at the
mout h- pi ece assembly control the
inhal ed and exhal ed direction of
flow. Again, a relief valve on the
breathing bag is needed to vent
excess OXygen.

In order to keep inhaled air tenp-
erature within NIOSH requirenments
(<115°F), the heat %enerated by the
chemcal reaction of potassium
superoxide is renoved by gas flow
routed through the breathing bag by
internal baffles. The large surface
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area of the breathing bag exchanges
heat with the anbient mne air.

A small sodiumchlorate candle
provides instant oxygen, simlar to
the MSA 10-minute SCSR  This candle
supplies 2 liters of oxygen in the
first 15 seconds and 8 to 10 liters
during the 90 seconds that follow.
Pul ling the mouthpiece towards the
wearer automatically fires the
sodium chlorate candle.

The top and bottom covers on the
Lockheed PBA are held in place with
"0" ring seals and a band strap.
The outer case and cover provide
moi sture and shock protection for

the SCSR  The moisture indicator in
the upper cover allows a wearer to
determne if the outer case has
| eaked moisture.

\WWhen the latch mechanismis
opened, the bottom cover falls away,

and the breathing bag deploys from
the bottom  The top cover is placed
between the wearer and the unit in
order to keep the hot outer cover
from touching the wearer. This also
allows mne air to surround the
apparatus and keep it cool.

During a demonstration wear test
of the Lockheed PBA, one unit had
the breathing bag catch fire. This
was caused by potassium superoxide
escaping from the chemcal bed and
bypassing the potassium superoxide
catcher, falling into the breathing
bag. The combination of thermally
hot potassium superoxide with a
silicon/fiberglass breathing bag in
the presence of about an 80 percent
oxygen atmosphere was enough to
start the fire.

Despite this serious problem and
other design flaws, such as the need
for protective goggles to be packag-
ed inside the unit, the Lockheed PBA
became the prototype for commer-
cially available, NIOSH/MSHA approv-
ed SCSR's. Both MSA and Draeger
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refined and successfully commercial-
ized Bureau developed SCSR technol -
gy, ﬁroducing the MSA 60 min SSR
and the OXY SR 60 B, respectively.

VBA  10/60

The necessity of discarding the
MSA 10-minute SCSR in order to don a
one hour SCSR in a contam nated
environment was considered by the
Bureau of Mnes to be design
drawback. To overcone this
limtation, it was decided that an
optimum system woul d conbine a
10-m nute, belt-wearable SCSR with a
stored, larger, one hour duration
oxygen supply that could be plugged
into the 10-mnute unit wthout
removing the mouthpiece. This 10/60
desi gn concept was devel oped into a
wor kabl e technology by Mne Safety
Appliance Co., under contract to the
Bureau of Mnes (Mne Safety
Appliances Co., 1976).

Figure 8 shows the MSA 10/60 SCSR
as used by a mner for escape
purposes.  The one-hour oxygen
supply is plugged into the 10-minute
unit.

For the 10-mnute unit, a
breathing circuit was devel oped in
which the air is passed through the
potassium superoxi de bed twce per
respiration.  The one-hour oxygen
supply differs from the 10-mnute
unit in that air is drawn only once
through the chemcal bed per
respiration. In other words, after
connectin% both conponents toget her,
the breat in? circuit is swtched
from a Fendu um system to a simple
closed loop system  This was
necessary to keep the inhaled air
tenperature within NIOSH approval
requirenents.

A 6-cm finned al um num cylinder
located in the breathing tube acts
as a heat exchanger in the 10-mnute
device. Location of the heat
exchanger in the breathing tube also
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prevents the breathing tube from
closing. The breathing bag and the
manifold in the 1-hour oxygen supply
are used as the primary heat
exchanger when both conponents of
the MSA 10/60 are assenbl ed
together. These heat exchange
mechani sms | ower i nhalationair
tenperature to less than 115°F,
meeting NIOSH certification
requirements. Both potassium
superoxi de cannisters have a felt
cover to protect the user from
burns.

Operation of the MSA 10/60 SCSR
i nvol ves connecting the 10-minute
and one hour-conponents toget her.
The drawing in Figure 9 shows the
flow path through the assenbled
system

The manifol d systemis designed to
imt the inhaled concentration to
| ess than 50 ppm of carbon monoxi de
if the coupling is performed in a
m ne atnosphere contam nated with
2.5 percent carbon nonoxide. The
pot assi umsuper oxi de cani sters have
hermetic seals over their coupling
ports. \When the one-hour oxygen
supply is pressed against the
10-mnute unit, a metal-to-metal
seal is made between the ducts prior
to opening of either of the
i ndividual hermetic seals. Initial
rotation of the handle on the latch
assenbly secures the metal-to-metal
seal between the two conponents
Further rotation punctures the
hernmetic seals and activates the
shutoff val ve for the 10-mnute
unit.

The results of breathing machine
and man tests indicated that the MSA
10/60 SCSR will last 60 to 270
m nutes, depending on work rate.

SCEBA 60

G ven the experience and technol -
ogy of the late 1960's and early
1970's the development of conpressed
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oxygen SCSR's held 1ittle prom se
of success. This is the chief
reason why the Bureau of M nes
invested research and development
resources in devel opi ng chem cal
oxygen SCSR technol ogy.

In the late 1970's, however, it
becane clear that the state-of-the-
art in conpressed gas breathing
apparatus had inproved considerably
over the past 10 years. This
technol ogy had advanced to the point
where a conpressed oxygen SCSR coul d
be offered as a viable alternative
to potassium superoxide SCSR's.
Therefore, the Bureau of M nes
awarded a contract to US Divers to

~devel op a 1-hour conpressed oxygen

SCSR suitable for mne esc-pe use
(USD Corp., 1983).

The SCEBA 60 as used by a miner
for escape is shown in Figure 10
The apparatus i ncludes a mout hpi ece,
noseclip, breathing hose and bag, a
|'i ghtwei ght, single use high
pressure oxygen vessel, |ithium
hydroxi de absorbent canister, and a
pressure reducing on/off valve.

The SCEBA 60 uses a pendul um flow
circuit shown schematically in
Figure 11, which provides a
push/pul | action through the carbon
di oxi de absorbent bed. Just as in
the case of chemical oxygen SCSR's,
to mnimze size, the SCEBA 60 is a
closed circuit breathing apparatus
with an external breathing bag being
used for gas storage. A conpressed
oxygen vessel and associated
regul ating val ves control the
addition of oxygen to the system

In addition to these major
conponents, the SCEBA 60 inclvdes an
easily reliable pressure gauge, a
vol ume sensing relief valve, and a
seal ed carry case with quick donning
wai st and neck straps.

The SCEBA 60 has been approved by
NI OSH.
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Based on Bureau-devel oped technol -
ogy, MSA and Draeger refined the
design of the Lockheed PBA into
comercial products; the Draeger OXY
SR 60 B and the MSA 60 min
These were the only two commercially
avail abl e NIOSH/MSHA SCSR's at the
tim the SCSR regul ations took
effect.

STATE- OF- THE- ART I N SCSR TECHNOLOGY

Five model s of NOISH/MSHA.aPProved
one hour SCSR's are commercia
available for US use: CSE AW9-AL,
Draeger OXY SR 60B, MSA 60 m n SSR
OCENCO EBA 6.5, and PASS 700E A1l
five devices are shown in Figure 12
The size, weight, and operating
characteristics of each SCSR are
listed in Table 2.

In order to meet the one hour
duration re(1U| renent, all of the
SCSR's are closed circuit breathi ng
apparatus. Both the Draeger OXY S
60 Band t he MSA 464213 use
potassium superoxide to generate
oxygen and renove carbon dioxide.
The CSE Au9-A1, OCENCO EBA 6.5, and
PASS 700E store oxygen as a
conpressed gas and use lithium
Wdromde to absorb carbon dioxide.

th the exception of the PASS 700E,
all of the SCSR's can be worn by the
mner as personal protective
equi pment; the PASS 700E nmust be
carried or stored.

In 1983, the cost of an approved
SCSR is about $500. Taking
inflation into account, the tarﬁet
cost of $50/SCSR projected hy the
NAE in 1969 becones about $150/SCSR
in 1982 So the pr.oH ected and
actual SCSR costs differ by about a

factor of three.
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CONCLUSI ONS

The Bureau of M nes successfully
pursued the development of SCSR
technol ogy, cooperating with private
industry to produce three prototype
SCSR's approved for in-mine use.

Manufacturers refined and adapted
Bureau-developed SCSR technol ogy for
commercial production.
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TABLE 1. - Specifications of Bureau developed SCSR's

DUration VI gt carried [Volume
SCSR (min) (ka) (£) |Oxygen source
Westinghouse PbA o0 3.95 8.60 |[chlorate candle
Lockheed PBA 60 2.04 3.28 |potassium superoxide
MSA 10 min SCSR..| 10 1.09 1.64 |potassium superoxide
MSA 10/60 . ... .. .. 10 1.91 2.79 |potassium superoxide
60 3.8 -
(both deployed)
SCEBA 60 ... .. ... . 60 2.82 5.80 |conpressed oxygen

TABLE 2. - Specifications for commercially available,

approved 1-hour SCSR

carryrng|Deployed
weight | weight |[Volume
SCSR (ko) (k) (£) |Okygen source

CSE AU9-AT . 5.00 4.32 5.80 [conpressed Oxygen
Draeger OXY SR 60B | 3.81 3.36 6.00 |potassium superoxide
MSA 60 min SSR... .. 3.14 304 5.9 |potassilUm superoxide
OCENCO EBA 6.5 ... .. 3.50 3.09 7.41 |conpressed oxygen
PASS 700 E.. .. ... .. 8.64 6.59 |12.41 |conpressed oxygen
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FIGURE 1. - Bureau developed SCSR's.
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FIGURE 2. - Westinghouse PBA as worn by a miner for escape.
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FIGURE 3. - Flow path through the Westinghouse PBA.
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FIGURE 4. - MSA 10-minute SCSR as worn by a miner for escape.
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FIGURE 5. - Flow path through the MSA 10-minute SCSR.
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FIGURE 6. - Lockheed PBA as worn by a miner for e€scape.
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FIGURE 7. - Flow path through the Lockheed PBA
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FIGURE 8. - MSA 10/60 SCSR as worn by a miner for escape.

220



NECK STRAP

. WITH

,.
—
'™

60 MINUTE DEVIC

MANIFOLD ASSEMBLY

Journal of the ISRP

PACKAGED 10
MINUTE DEVICE

221

10 MINUTE DEVICE

- Flow path through the MSA 10/60 SCSR.
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FIGURE 10.- SCEBA 60 as worn by a miner for escape:
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