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PERFORMANCE COMPARISON OF OXYGEN 

Nicholas Kyriazi 1 and John P. Shubilla 2 

ABSTRACT 

A s self-rescuers from United States and 
other countries was as an assessment worldwide 
technology. The were tested on a 
simulator in the Life Support laboratories of the Bureau of Mines. 
Parameters monitored the were inhaled levels of and 
O2 , inhaled gas temperature, resistance. The metabolic 
demand placed on the the average demand of the 
50th percentile miner performing a 60-min man-test 4, as described in 30 
CFR IIH. Results presented include apparatus service life and subjec­
tive comments as well as averages and peaks of monitored 

INTRODUCTION 

On June 21, 1981. coal mine in the United States were re-
to make available to each underground coal miner a self-contained 

self-rescuer (SCSR). The ions (30 CFR 75.1714) that 
each person in an underground coal mine wear, carry. or have immediate 
access to a self-rescuer that an oxygen source. The oxygen 
self-rescuer will replace the filter self-rescuer (FSR) as primary es­
cape equipment. FSR's protect only against low levels of CO. 

In an effort to compare performance of the six SCSR's approved by the 
National Institute for Occupational and Health (NIOSH), a breath­
ing and metabolic simulator (BMS) was used to test the at a 
work rate to the average rate of a 50th Ie miner 

man-test 4 for 1 h as described in 30 CFR IIH. In addition to the 
six U.S. apparatus, six other oxygen self-rescuers from different coun­
tries and four prototypes for the Bureau over the past decade 
and stored since then were tested. All of tested are 
listed in table 1. with their rated durations ). 
of origin, oxygen source, and 

It was not attempted to do an in-depth analysis of the design of each 
apparatus but merely to scrutinize performance behavior. 

'Biornedical engineer. 
technician. 

Research Center, Bureau of Mines, Pittsburgh, PA. 



? 

TABLE 1. - Oxygen self-rescuers tested 

Apparatus Duration, 
min 

Country O2 source 

NIOSH-·-APPROVED 
CSE AU-9Al •••••••••• 60 U.S.A ..••••••••••. Cylinder ••••••• 4.95 4.30 
Draeger OXY-SR 60B •• 60 Germany (FRG) ••••• K02 • ••••••••••• 3.80 3.40 
MSA 60-min SCSR ••••• 60 U.S.A ••••••••••••• K02· ••••••••••• 4.04 3.00 
Ocenco EBA 6.5 •••••• 60 U.S.A ••••••••••••• Cylinder ••••••• 3.51 3.10 
PASS 700 ••..•...... . 60 U.S.A ••.•..••• •.. • Cylinder •••• •• • 8.60 6.60 
U. S.D. SCEBA-60 ••••• 60 U.S.A ••••••••••••• Cylinder ••••••• 3.40 3 ,. 24 

FOREIGN--NOT NIOSH-APPROVED 
Auer SSR-90 ••••••••• 90 Germany (FRG) ••••• K02· ••••••••• • • 4.69 3.08 
AZG-40 •••••••••••••• 40 China •••••....••.• K02· •••••• • •••• 2.03 1.68 
Draeger OXY-SR 30 ••• 30 Germany (FRG) ••••• Cylinder ••••••• 2.39 2.39 
Draeger OXY-SR 45 ••• 45 Germany (FRG) ••••• Cylinder ••••••• 2.39 2.39 
Fenzy Spiral II ••••• 45 France ............ K02· ••••••••••• 3.49 3.05 
WC-7 •••••••••••••••• 45 U.S.S.R •••.••••••• K02· ••••••••••• 2.94 2.55 

BUREAU PROTOTYPES 

Lockheed PBA I ••••••• 60 U.S.A •••.••••••••• K02 •••• It ••••••• 2.11 2.00 
MSA 10-min PBA I ••••• 10 U.S.A •••.•.••••••• K02· ••••••••••• 1.24 .82 
MSA 10/60 I •••••••••• 70 U.S.A ••••••••.••.• K02· ••••••••••• 2.18 4.73 
Westinghouse PBA •••• 60 U.S.A ••..••••••••• Sodium chlorate 3.85 3.44 

candle. 
INIOSH-approved prototype. 

DESCRIPTION OF APPARATUS 

All of the apparatus tested are of 
two types: chemical oxygen or compressed 
oxygen. Most of the chemical-oxygen ap­
paratus tested use potassium super­
oxide (K02) for both the oxygen source 
and the C02 absorbent. One of the 
chemical-oxygen apparatus uses a sodium 
chlorate candle for an oxygen source 
and a separate chemical bed for C02 
absorption. 

The compressed-oxygen apparatus use 
bottled oxygen under high pressure for 
the oxygen source with a separate chemi­
cal bed for C02 absorption. 

The two types of apparatus share many 
common parts, such as the mouthpiece, 
breathing hoses, C02 absorbent bed, 
breathing bag, and relief valve. The 
compressed-oxygen self-rescuers need some 
extra parts not necessary with chemical­
oxygen self-rescuers. These include a 
high-pressure storage bottle, a regula­
tor to step down the high pressure, a 

constant-flow valve, and in most cases, a 
demand valve. 

There are many variations possible 
in the size, shape, and placement of 
the various components necessary in any 
breathing apparatus, as will be seen in 
the separate descriptions of the appara­
tus tested that follow. 

NIOSH-APPROVED 

CSE AU-9A1 

The AU-9A1 (figs. 1-2) is a compressed­
oxygen self-rescuer with a throwaway 
steel bottle but otherwise reusable 
parts. It is field serviceable by 
trained personnel only. It has a bi­
directional flow path, a constant 02 flow 
of at least 1.5 L/min, and a pressure­
activated demand valve and relief valve. 
The cylinder contains 130 L of oxygen, 
and the C02 absorbent is LiOH. 
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.... Exhale 

=» Oxygen 
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FIGURE L _ CSE AUu9A 1. 

Demand 

FIGURE 20 - CSE AU-9A 1 schematico 

Nose 
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Pressure-reducing 
valve 

3 



4 

! 2 3 ~ 5 6 
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Draeger OXY-SR 60B 

Lower 

Corrugated hose 

Plug I mouthpiece 

Upper valve chamber 

F~·-~~3===----\- Heat exchanger 

The OXY-SR 60B (figs. 3-4) is a 
chemical-oxygen self-rescuer which can be 
returned to the distributor, National 
Mine Service, for refurbishing. It has 
a unidirectional flow path through the 
K02 (potassium superoxide) bed and a 
pressure-activated relief valve. A chlo­
rate candle is provided for an initial 
spurt of oxygen until the K0 2 bed is suf­
ficiently activated by the user's breath. 
The K02 is pelletized. 

Ripcord ----=::~~~~ Breathing bog 

Split pin 

Slarter 
(chlorate candle) 

Chemical carfrldge 
K02 

Chemical cartridge 
K02 

KEY 
r::::;> Inhale 

~ Exhale 

FIGURE 40 • Draeger OXY.SR 60B schematic. 
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FIGURE 5. - MSA 60-min SCSR. 

MSA 60-Min SCSR 

The MSA SCSR (figs" 5-6) is a chemical­
oxygen self-rescuer which is entirely 
throwaway. It has a unidirectional flow 
path through the K02 bed and a volume­
activated relief valve. A chlorate can­
dle is utilized for ini t ial oxygen flow­
The K02 is in granular form. 

!? 

~ 

c;; 

~ 
Venl I 

open 

-----

C;; 

8 ~ 

~ 8 
r!lc!? 

" EY 
c:::{> Inhale 

.... Exhale 

Breathing bag 

FIGURE 6. - MSA 60amin SCSR schematic. 
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.,: r. : ~ ~, 6 
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FIGURE 70 • Ocenco EBA 6050 

Ocenco EBA 6.5 

The Ocenco EBA 6.5 (figs. 7-8) is a 
compressed-oxygen self-rescuer with a 
fiberglass-wrapped aluminum bottle which 
is reusable. The apparatus is refurbish­
able only by the manufacturer. It has a 
unidirectional flow path with directional 
check valves in the mouthpiece assembly, 
a constant flow of at least 1.5 L/min, 
and pressure-activated ,demand and relief 
valves. The cylinder contains 157 L of 
oxygen, and the C02 absorbent is LiOH. 

Relief 
valve --f--t--P-1111 

KEY 

~ Inhale 

---+ Exhale 

c::::::>t> Oxygen 

Neck 
ss 

Mouthpiece 
-: ~...-I--'- assembly 

eal 

FIGURE 80 • Ocenco EBA 605 schematico 



FIGURE 9 • • PASS 700. 

PASS 700 

The PASS (Portable Air Supply Sys­
tems) 700 self-rescuer (figs. 9-10) is a 
compressed-oxygen system with an alumi­
num bottle which is reusable after refur­
bishing by the manufacturer. It has a 
unidirectional flow path through the C02 
scrubber, an enclosed breathing bag, 
no demand valve, a constant flow of oxy­
gen of at least 3 L/min, and a pressure­
activated relief valve. The cylinder 
contains 240 L of oxygen, and the C02 ab­
sorbent is soda lime. 

KE Y 
c::::::::::> Inhale 

.... Exhale 

c::::>r> Oxygen 

Breathing 
hose 

Breathi 
bag 

Oxygen 
boll Ie 

On-off 
Ive 

FIGURE 100 • PASS 700 schematico 
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U.S.D. SCEBA-60 

I 2 3 4 5 6 
-, I I I I I, ,I 

FIGURE 11. D UoS oDo SCEBA·60o 

02 storage bag 

Canstant-fl."w, demand % 
regulator inside bag - , .. -.!,._ r -

~.--'C 

Oufer case 

Mou1hpiece­
breathing tube 

02 storage bag 

02 pressure gauge 
and valve 

O2 supply 

CO2-absorbent 
canrster 

KEY 
c::::> Inhale 

.... Exhale 

c::::::>c> Oxygen 

The U.S.D. SCEBA-60 self-rescuer (figs. 
11-12) is a compressed-oxygen system 
which has some reusable parts but is 
not presently being commercially pro­
duced because it became available only 
after mine operators were required to 
have placed orders for their oxygen 
self-rescuers. It has a bidirectional 
flow path, a constant flow rate of oxy­
gen of at least 1.5 L/min, and volume­
activated demand and relief valves. The 
relief valve is triggered by bag volume 
but dumps from the breathing hose air 
that has not yet been scrubbed of C02 or 
enriched with oxygen. It is available 
with a standard steel, throwaway bottle 
or a lightweight, fiberglass-wrapped alu­
minum, reusable bottle containing 130 L 
of oxygen. The C02 absorbent is LiOR. FIGURE 120 D U.SoDo SCEBA.60 schematic. 
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I ~ ~ 4 ~ 6 
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FIGUR E 13. DAuer SSRo90, 

cover,) 

( ' 
~~ 

Heat exchanger 

Breathing bag 

~~-Safety goggles 

FOREIGN 

Auer SSR-90 

The SSR-90 (figs . 13-14), manufactured 
in Germany by Auer, a subsidiary of MSA, 
is a chemical-oxygen self-rescuer which 
can be user-refurbished. It has a unidi­
rectional flow path through the K02 bed, 
a volume-activated relief valve, and a 
"quick starter" for initial oxygen flow. 

Valve housing -F~~~~~~~--=ff!:.~~ 
Particle filter IJ 

Heat protect ion 

K02 cartridge - --tlt--elif 

Neck strap 

Breathing bag 
connector 

,~--">-'~ -Waist strap 

Quick starter 
Bottom part ri~~~~"iim 
of container~ flJIJ 

Carrying strap --tJ ! r KEY 
~ Inhale 

- Exhale 

FIGURE 14, - Auer SSR-90 schematic, 
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AZG-40 

The Chinese AZG-40 self-rescuer (figs. 
15-16) uses K02 and is not reusable. It 
has a bidirectional flow path, a volume­
activated relief valve which vents from 
the breathing hose, a heat exchanger, and 
a quick-starting mechanism for jnitial 
oxygen flow. 

FIGURE 150 • AZG-40, 

Draeger OXY-SR 30 

The Draeger OXY-SR 30 (figs. 17-18) is 
a compressed-oxygen self-rescuer which is 
user refurbishable. It has a unidirec­
tional flow path through the soda lime 
scrubber, a pressure-activated relief 
valve, a volume-activated demand valve, 
and a constant flow of oxygen of at least 
1.5 L/min. The steel cylinder contains 
64.5 L of oxygen. 

Mouthpiece 

Heot exchonger 

Nose clip _ --t-'VJIIO 

L
Rubber cosing 

Valve 

Relief valve lDJur- - ' ,", 
(see detai l) ': 

y- --
Detoil 

KE Y 
c::::(> Inhale 
~ Exh ale 

~~~--'\rt- Sta rte r candle 

--'":,..::::._- ~ .. , 

FIGURE 16 •• AZG·40 schematic. 

Draeger OXY-SR 45 

The Draeger OXY-SR 45 is nearly identi­
cal to the OXY-SR 30 with the following 
differences: The constant flow rate is 
only 1.2 Llmin, and the oxygen flow can­
not be turned off once it is activated. 
Figure 19 shows the apparatus schemat­
ically diagrammed. 
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FIGURE 17 .• Draeger OXY.SR 3~. 

Breathing tube 
with mouthpiece 

Valve with 
pressure gauge 

Oxygen cylinder ---";1+--

KEY 

~ Inhale 
__ Exhale 

Breath ing bag 

Control valve 

Constant-dosage unit 

Control lever for lung 
demand regulator 

Pressure relief valve 

Nonreturn valve 

Valve chamber 

Soda lime 

Cent ral pipe 

- Collecting chamber 

FIGURE 180 - Draeger OXY·SR 30 schematic. 

Breathing tube 
with mouthpiece 

Pushbullon valve 

Valve with 
pressure gauge 

Oxygen cylinder - --lt---

KEY 
~ Inhale 
__ Exhale 

Breath ing bag 

ntrol valve 

Constant-dosage unit 

Control lever for lung 
demand regulator 

Pressure relief valve 

Nonretu rn valve 

Valve chamber 

Soda lime 

Centra I pipe 

Collecting chamber 

FIGUR E 19 • • Draeger OXY -SR 45 schematico 
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__ I 2 ~ .1 5 6 
I t I I I I 

FIGURE 20 •• Fenzy Spiral II. 

Fenzy Spiral II 

The Spiral II (figs. 20-21) is a 
chemical-oxygen self-rescuer which is 
user serviceable. It has a unidirection­
al flow path through the K02 bed and a 
pressure-activated relief valve. A very 
small compressed-oxygen bottle is uti­
lized for initial startup. The bottle is 
yanked upward by pulling on a plastic 
ball connected to the bottle; this breaks 
a metal seal, rapidly releasing the con­
tents into the system. 

Relief , 

Breathing 

KEY 
c::C> Inhole 
.... E)())ale 

' Oxygen starter 
bOll Ie 

FIGURE 21. - Fenzy Spiral II schematic. 
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23) uses K02 
throwaway. 
path device 
lief valve. 
delivers 6 L 

FIGURE 22. - WCa7. 

WC-7 

WC-7 self-rescuer (figs. 22-
as the oxygen source and is 
It is a bidirectional flow 
with a volume-activated re­
The starting device utilized 
of oxygen within 30 s. 

Mouthpiece -

Breathing hose 

KEY 
c:::::::> Inhale 
~ Exhale 
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Nose clip 

valve 

Breathing bag 

-Outer case 

FIGURE 23. - WC-7 schematic. 
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FIGURE 24 .• Lockheed PBA. 

BUREAU OF MINES-DEVELOPED PROTOTYPES 

Lockheed PBA (Personal 
Breathing Apparatus) 

The Lockheed PBA (figs. 24-25) is a 
NIOSH-approved prototype. The apparatus 
were manufactured in 1974 and stored in 
warehouses until tested for this study. 
These chemical-oxygen self-rescuers were 
intended to be throwaway devices. The 
flow path is unidirectional with check 
valves in the mouthpiece. The device has 
a pressure-activated relief valve and a 
chlorate candle for initial oxygen flow. 

Mouthpiece with 
check valves 

Chlorate candle 

Outer case 

K02 catcher 

Baffles 

KEY 
==> Inhale 
.... Exhale 

Nose clamp 

Hoses 

Relief valve 

Breathing bag 

FIGURE 25.· Lockheed PBA schematic. 
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FIGURE 26. ~ MSA 1 Q-min PBA, 

MSA la-Min PBA 

Another NIOSH-approved prototype, the 
MSA la-min PBA (figs. 26-27) was also 
manufactured in 1974 and similarly stored 
in warehouses until being tested. The 
la-min PBA is a one- use, chemical-oxygen 
self-rescuer with bidirectional flow, a 
chlorate candle, and two breathing bags, 
one of which contains a volume-activated 
relief valve. 

MSA 10/60 Oxygen Self-Rescuer 

MOIJ I h piece --jj-""Y'-'~rv--+-

KEY 

c::::::::> Inhale 
...... Exhale 

15 

- Ch lora le cand le 

Breathing bag 

These 
built in 
tested. 
designed 

NIOSH-approved prototypes were 
1979 and were stored until being 
The chemical-oxygen 10/60 was 
so that the la-min apparatus FIGURE27 0 0 MSA lQ-min PBA schematic , 
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FIGURE 28, - MSA 10/60 oxygen self-rescuer system. 

Wedge-shaped nalch, oullel from 
main chamber t o brea lhing bog 

To 
brealhing bog 

KEY 
.. Exha le 

Reverse for inhale 

Wedge-shaped nOlch, in lei 10 
ma in chamber f rom brealhing 
lube 

could be belt-worn with the 60-min canis­
ter being stored. In an emergency, the 
lO-min device is donned and the user pro­
ceeds to the storage place of the 60-min 
canisters, which are then attached with­
out the need to remove the mouthpiece. 
The oxygen source in both portions is 
K02. Chlorate candles are provided on 
both portions of the device; the candle 
on the 60-min portion is automatically 
activated when the device is attached to 
the lO-min portion. The entire apparatus 
is one-use only. The lO-min apparatus 
has a bidirectional flow path, but when 
the 60-min canister is attached, the flow 
path is changed to unidirectional flow. 
Figure 28 shows the lO-min apparatus in 
the case and deployed, and the 60-min FIGURE 29. - MSA 10/ 60: 10-min apparatus schematic. 



Firing 
mechanism 

Bellows 

Check valve 

Locking cam 

Baffle 

FIGURE 30. - MSA 10/60: 60-min canister schematic. 

canister. The 60-min canister does not 
have its own case but is stored in a 
plastic bag. Figures 29, 30, and 31 are 
schematics of the 10-min apparatus, the 
60-min canister, and the combination flow 
scheme. 
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- -- Inhalat ion 

- Exhalation 

FIGURE 31. • MSA 10/ 60: system schematic. 



18 

Westinghouse PBA 

• 

.. I : ' 4 . 6 

FIGURE 32. - Westinghouse PBA o 

Inhalation tube 

Relief 
bag 

KEY 
~ Inhale 
..... E~hale 
c::::::>!> O~ygen 

Inhalation 
bag 

I 

Hood 

I ,---------'---------, 

t CO2 removal canister 

Scrubbed 02 02 + CO 2 , .... ~ 
Sodium chlorate candle 

02 source 

E~halation 
check valve 

E~halation tube 

Fresh 02 

The Westinghouse PBA (figs. 32-33) was 
the first Bureau prototype ever devel­
oped. The apparatus tested were manufac­
tured in 1971 and were not certified by 
NIOSR. The flow path is unidirectional 
with a two-chambered breathing bag, one 
chamber for exhalation and one for in­
halation, with a pressure-activated re­
lief valve on the inhalation side of the 
bag. The oxygen source is a large, L­
shaped, sodium chlorate candle which pro­
vides at least 3 L/min of oxygen flow 
continuously, regardless of usage rate. 
The C02 scrubber uses LiOR. The origi­
nal directive for this contract included 
face protection, and the design includ­
ed a combination hood-lens-noseclip­
mouthpiece. Only three of these proto­
types remained for testing in this study. FIGURE 33. - Westinghouse PBA schematico 
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TEST APPARATUS AND EXPERIMENTAL PROCEDURE 

A breathing and metabolic simulator 
(BMS) was used for testing the apparatus 
in this study (fig. 34). The BMS elicits 
a constant and repeatable metabolic de­
mand on the breathing apparatus; human 
subjects cannot be depended upon to do 
this. Also, human subjects would not 
have tolerated the high temperatures and 
breathing resistances encountered during 
some of the tests. 

The BMS has a unidirectional flow path, 
unlike a human being. The air movement 
is effected by a bellows moved through a 
mechanical linkage to a motor. A smaller 
bellows withdraws a varying percentage of 
the volume of the main bellows, depending 
upon the 02 concentration, simulating 02 
consumption. Another small bellows in­
jects CO 2 and N2 into the system, replac­
ing the O2 consumed and the N2 removed in 

the process. The gas inhaled into the 
BMS is also heated and humidified (in 
this study, to approximately 37 0 C and 80 
pct relative humidity). 

The metabolic parameters used in this 
study follow (all volumes at standard 
temperature and pressure, dry): 

Vo 2(oxygen consumption) 1.35 L/min 

VC02(C02 production) 1.30 L/min 

. 
Va (ventilation) 31.9 L/min 

Vt (tidal volume) 1.21 L/breath 

Fr (respiratory freq) 26.5 breath/min 
. 
Qpaa k ( P aa k flo w rat a) 126 L/min 

FIGURE 34, - Breathing and metabolic simulator. 
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The performance parameters measured 
were inhaled concentrations of O2 and 
CO 2 , inhaled gas temperature, and both 
inhalation and exhalation breathing re­
sistances. The inhaled gas concentra­
tions were measured in a box just inside 
the inhalation port of the BMS where the 
inhaled gases are mixed, called the inha­
lation mixing box. Measurement at this 
point has the advantage of including ef­
fects of dead space volume, such as that 
of the breathing hoses which have bi­
directional flow paths. Breathing re­
sistances and temperature were measured 
at the mouthpiece. Facto:cs determining 
test termination were C02 higher than 4 
pct, 02 lower than 15 pct, or low bag 
volume, indicating an expired 02 source. 

Breathing circuit tightness was deter­
mined by pulling a negative pressure of 
70 rom H20 at the mouthpiece of an appa­
ratus and measuring the time required to 
rise to -60 mm H20. Times longer than 60 
s are considered passing. This test was 
performed on a CSE test stand, which is 
also used for checking relief valve 
activation pressure and constant flow 
rate. The tightness standards are the 
same as Draeger specifies for the BG-174A 
rescue breathing apparatus using a 
functionally identical test stand. This 
has not yet been related to protection 
factors. 

When testing compressed-oxygen self­
rescuers, it was necessary to purge the 

BMS breathing loop of most of the ambient 
nitrogen. Otherwise, the small amount of 
oxygen in the apparatus breathing loop 
would be so diluted owing to the large 
volume of the BMS breathing loop as to 
result in such a low concentration of ox­
ygen that the test would have to be 
cancelled. If used on a per son, with a 
much smaller volume in the breathing 
loop, this would not occur in most cases. 
This situation would arise only when the 
constant flow rate of 02.was less than 
the 02 consumption rate (Vo 2), and when 
there was a substantial amount of N2 in 
the breathing loop, if one forcefully ex­
haled into a breathing apparatus from am­
bient, for example. 

To start the test, 10 inhalations on 
the BMS were taken from each compressed 
oxygen self-rescuer with a demand 
valve, elevating the 02 concentration 
to 60 pct or greater. If the appara­
tus termination mode were low volume 
in the breathing bag due to an empty 
bottle, the amount of O2 used for 
the 10 breaths was added on in minutes 
to the end of the test. Ten breaths 
equals approximately 14 L at ambient, 
which would work out to about 9 min at 
the usage rate employed. This procedure 
was unnecessary for K02 apparatus since 
they overproduce O2 and thus continually 
purge N2 from the breathing loop. 

RESULTS AND DISCUSSION 

See tables 2 and 3 for the means of 
both the average and the peak values of 
monitored parameters for all the appara­
tus tested. Discussions of individual 
apparatus follow. 

CSE AU-9A1 

Of the six NIOSH-approved, commercially 
available apparatus, it can be seen that 
the two with bidirectional flow paths 
(CSE and U.S.D.) have the highest average 
CO2 levels. The inhalation resistance 
necessary to elicit 30 L/min from the 

demand valve was between 28 and 40 mm 
H20. The cause for termination in all 
the CSE tests was C02 reaching 4 pct, 
whicn was chosen as a physiologically 
appropriate value. The CO2 scrubber in 
the AU-9A1 does appear to be rather 
small. The only danger in this is that a 
user may have no positive indicator of 
apparatus end-of-life. Rather, a user 
may experience some physiological symp­
toms due to the high CO2 inhaled, such as 
increased tidal volume and mild discom­
fort, which will eventually force him or 
her to slow the pace. 



TABLE 2. - Means of average values of monitored parameters 

(Standard deviations in parentheses) 

Duration, Exhalation 
Apparatus mir.. Cause of termination 02, pct C02. pct resistance, 

mm H2O 

CSE AU-9Ai •••••••• 73 (6) High C02. 0 •••••••••• 70 (1 3) 2.5 (0.1) 50 (8) 
Draeger OXY-SR 60B 72 (4) Low bag volume •••••• 78 (3) 1.0 ( .1) 46 (6) 
MSA 60-min SCSR ••• 83 (6) Low bag volume or 82 (1) 1.0 (.2) 58 (6) 

high CO2. 
Ocenco EBA 6.5 •••• 110 (8) Low bag volume •••••• 74 (7) .7 (.2) 51 (5) 
PASS 700 •••••••••• 86 (7) Low bag volume •••••• 81 (3) 1.1 ( .1) 51 (4) 
U.S.D. SCEBA-60 ••• 79 (10) Low bag volume or 71 (10) 2.2 (.4) 54 (7) 

high CO 2 • 
Auer SSR-90 ••••••• 82 (2) Low bag volume •••••• 81 (5) .7 ( .1) 57 (5) 
AZG-40 •• ~ ••••••••• 38 (3) High CO2 •••••••••••• 66 (5) 2.5 (.1) 116 (9) 
Draeger OXY-SR 30. 47 (4) Low bag volume •••••• 80 (3) 1.5 (.2) 45 (3) 
Draeger OXY-SR 45. 55 (7) Low bag volume or 76 (7) 1.6 (.1) 42 (9) 

high CO2. 
Fenzy Spiral II ••• 34 (3) Low bag volume •••••• 64 (4) 1.7 (.7) 56 (12) 
WC-7 •••••••••••••• 67 (4) High C02 or low bag 77 (4) 1.8 (.1) 63 (5 ) 

volume. 
Lockheed PBA •••••• 34 (9) High C02, low bag 60 (16) 1.6 (.5) 113 (30) 

volume, or low 02. 
MSA lO-min PBA •••• 14 
MSA 10/60: 

(1) High CO2 •••••••••••• 44 (4) 1.8 (.2) 63 (8) 

1 O-min •••••••••• 9 (1) High CO2 •••••••••••• 37 (10) 1.6 ( .1) 74 (10) 
60--min •••••.•••• 73 (21) Low bag volume •••••• 67 (11) 2.2 (.6) 83 (13) 

Westinghouse PBA •• 60 (1) Low bag volume •••••• 84 (1) .6 (.1) 121 (35) 

Inhalation 
resistance, 

mm H2O 

50 (4) 
26 (6) 
26 (3) 

38 (3) 
24 (3) 
56 (2) 

35 (3) 
101 (9) 

19 (2) 
18 (1) 

22 (7) 
59 (5) 

120 (46) 

119 (5) 

79 (12) 
60 (15) 
31 (6) 

Temperature, 
°c 

42 (1) 
37 (2) 
44 (2) 

41 (1) 
39 (1) 
40 (1) 

40 (2) 
50 (4) 
41 (0) 
41 (1) 

36 (2) 
56 (4) 

49 (10) 

47 (3) 

38 (2) 
42 (2) 
40 (2) 

N 
f-' 
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TABLE 3. - Means of peak values of monitored parameters 

(Standard deviations in parentheses) 

---" 
Exhalation Inhalation Temperature, 

Apparatus 02, pct CO2, pct resistance, resistance, °c 
mm H2O mm H2 O 

CSE AU-9Al •.•.•.•••.••••• 76 (10) 4. 0 (0) 56 (9) 55 (6) 44 (2) 
Draeger OXY-SR 60B ••••••• 93 (2) 1.3 ( .1) 83 (18) 45 (19) 44 (3) 
MSA 60-min SCSR •••••••••• 91 (2) 3.1 (1.2) 69 (13) 40 (14) 53 (1) 
Ocenco EBA 6.5 ••••••••••• 81 (12) 1.8 ( . 5) 54 (5) 41 (1) 4J (1) 
PASS 700 ••••••••••••••••• 89 (4) 1.5 (.4) 53 (3) ?7 (3) 42 (1) 
U.S.D. SCEBA-60 •••••••••• 79 (6) 2.9 (.8) 59 (7) 65 (7) 42 (1) 
Auer SSR-90 •••••••••••••• 88 (4) 1.7 (.3) 66 (7) 48 (4) 48 (2) 
AZG-4Q ••••••••••••••••••• 79 (2) 4.0 (0) 160 (10) 153 (9) 60 (6) 
Draeger OXY-SR 30 ••••• 00. 82 (3) 2.0 (.4) 52 (4) 21 (2) 44 (1) 
Draeger OXY-SR 45 •••••••• 81 (8) 2.8 (.9) 48 (7) 21 (3) 44 (1) 
Fenzy Spiral II •••••••••• 89 (1) 2. 0 (.7) 80 (29) 42 (19) 43 (2) 
WC-7 ••••••••••••••••••••• 85 (5) 3.8 (.4) 75 (9) 78 (12) 69 (5) 
Lockheed PBA ••••••••••••• 75 ( 13) 3.4 (1.0) 148 (34) 157 (48) 64 (16) 
MSA 10-min PBA ••••••••••• 
MSA 10/60: 

1 O-mi n ••••••••••••••••• 
60-min .......•......... 

Westinghouse PBA ••••••••• 

All of the CSE's tested 
ative pressure test on 
stand, proving them to 
units, which is assumed 
high protection factor. 

57 (5) 4.0 

44 (10) 4.0 
76 (12) 3.0 
91 (1) .9 

passed the neg­
the CSE test 

be very tight 
equivalent to a 

Breathing resistance and temperature 
remained steady throughout the tests. 
C02 steadily rose until test termination 
at 4 pct. 02 varied depending upon the 
regulator constant flow rate. It slowly 
fell if the flow rate was less than the 
usage rate (approximately 1.55 L/min am­
bient temperature and pressure, sat­
urated) and vice versa. 

DRAEGER OXY-SR 60B 

The OXY-SR 60B was the coolest, NIOSH­
approved, commercially available appara­
tus, with an average inhalation gas tem­
perature of only 37° C. The termination 
mode was consistently an empty bag, indi­
cating that oxygen production had 
stopped. This is considered a positive 
indicator of termination, one that can be 
easily detected by the wearer. The 
breathing loop proved to be a tight one, 

(0) 82 (15) 221 (13) 53 (3) 

(0) 114 (15) 137 (31) 45 (2) 
( .8) 117 (40) 80 (47) 47 (3) 
(.2) 136 (35) 61 (13) 44 (2) 

passing the negative pressure test on the 
CSE test stand. 

The apparatus behaved typically for a 
K02 unit with the chlorate candle firing 
causing the inhaled oxygen to rise to 
approximately 30 pct within a few sec­
onds, level or drop for a minute, and 
then rise at a steady pace to a peak of 
approximately 93 pct at 40 min or so. It 
would take less time to reach the peak on 
a human subject since the BMS has a much 
greater volume in its flow loop. Temper­
ature rose, while C02 remained fairly 
steady throughout the tests. Breathing 
resistance also remained fairly steady 
until about 50 min, when exhalation re­
sistance through the K02 bed started to 
increase dramatically, signaling the be­
ginning of the end of the test. On the 
average, though, the breathing resistance 
is one of the lowest tested. 

MSA 60-MIN SCSR 

This apparatus diffe r s markedl y from 
the OXY-SR 60B in appearance, but, in ac­
tuality, is remarkably similar "in its 



functional flow path. This can be seen 
by comparing the schematics of each appa­
latus. The major differences in perform­
ance ace largely attributable to the dif­
ferent forms of K02 used. Draeger uses a 
pelletized form, while MSA uses a granu­
lar form, which offers more surface area 
for the H20- 02- C02 reaction to take 
place. As a result, approximately 970 g 
K02 in the MSA provides for a longer ser­
vice life than does 1,150 g in the 
Draeger. The trade-offs are the higher 
exhalation breathing resistance and in­
haled gas temperature, as can be seen 
from table 2. 

The MSA 60-min SCSR's 
breathing loop and passed 
pressure test with ease. 

had a tight 
the negative 

Breathing resistance and C02 remained 
steady or slowly rose throughout the 
tests. Temperature rose throughout the 
first half of the tests and then leveled 
off for the dur'ation of the tests. Oxy­
gen concentration behaved similarly to 
that with the OXY-SR 60B. 

OCENCO EBA 6.5 

One of the lightest NIOSH-approved ap­
paratus, the EBA 6.5 had the longest 
duration of any self-rescuer tested, end­
ing with an empty bottle. The ample C02 
scrubber enabled the unit to achieve the 
lowest average C02 concentration of any 
commercially available apparatus. The 
demand valve required a very high nega­
tive pressure (in the vicinity of 195 mm 
H20) to elicit 30 L/min of flow. A user 
would have to adapt to this high resist­
ance to flow, to say the least. 

The EBA 6.5 apparatus rose from -70 to 
-60 mm H20 on the negative pressure test 
in 7 s, as an average. Representatives 
from Ocenco claim that any leaks are to 
be found on the exhalation side of the 
breathing 100p~ and, thus, would not re­
sult in any in1eakage of toxic gases. 
This was not confirmed. 

Breathing resistance remained steady 
throughout the tests, as did temperature 
after an initial warmup period. CO2 
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rose at a constant pace during the tests 
but nevel' reached the termination point 
of 4 pct. 02 concentration behaved like 
that of the CSE AU-9Al, varying depending 
upon the s et t ing of the particular 02 
regulator. 

PASS 700 

This apparatus had one of the lowest 
inhalation breathing resistances mea­
sured. This can probably be attributed 
to its radial-design CO2 canister , which 
offers a small bed depth . Without a 
demand valve, utilizing a one-way, on­
off mechanism and an enclosed breathing 
bag, this is probably the most foolproof 
and damage-resistant self-rescuer. The 
trade-offs are its lack of flexibility 
(no demand value) and size and weight. 

This apparatus, like the Ocenco, is a 
comparatively leaky unit, with only 9 s 
elapsing between negative pressures of 70 
and 60 mm H20 on the CSE test stand. It 
was not attempted to determine the source 
of these leaks. The breathing resistance 
remained steady throughout the tests, as 
did the inhaled gas temperature and C02 
concentration. The oxygen level rose to 
its peak within 20 min and remained 
steady for the duration of the tests. 

U.S.D. SCEBA-60 

The U.S.D. SCEBA-60 is not yet being 
commercially produced, and only prototype 
units, which varied widely in certain 
performance parameters such as duration 
and breathing loop tightness, could be 
tested. The duration average was 79 min 
with a standard deviation of 10 min. 
Some apparatus were very tight and passed 
with ease the 60-s, CSE negative pressure 
test. Others rose from -70 to -60 mm H20 
in 18 s. Presumably the apparatus will 
become tighter rather than leakier once 
production techniques are perfected. 

The termination mode for the SCEBA-60 
was usually an empty oxygen bottle, but 
in one case termination was due to high 
inhaled CO2 • The negative pressure re­
quired to elicit 30 L/min of 02 from the 
demand valve varied widely, depending 
upon the position of the breathing bag 
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collapsing on the tilt-lever demand 
valve. The range of negative pressures 
was from 13 to 80 mm H20, with most val­
ues near 25 mm H20. 

The oxygen concentration during the 
tests varied depending upon the setting 
of the constant-flow valve. The CO2 con­
centration steadily rose from approxi­
mately 1.5 to 2 pct at the beginning of 
the tests to approximately 2.5 to 3 pct 
by the end of the tests, except for one 
test which went 93 min when CO2 reached 4 
pct. The breathing resistance and tem­
perature remained steady throughout the 
tests. 

AUER SSR-90 

From the test results and a comparison 
with the NIOSH-approved apparatus, it 
appears that the AUER SSR-90 could pass 
NIOSH testing and receive certification. 
The termination mode in all cases was low 
bag volume due to an empty oxygen bottle. 
The breathing loop was not tight, as 
evidenced by the negative pressure 
test which showed rises from -70 to 
-60 mm H20 in less than 5 s in four of 
five cases. 

Oxygen concentration followed a pattern 
similar to that of other K02 apparatus, 
rising to a maximum of 80 to 90 pct and 
then holding steady or slowly falling 
until the end of the tests. C02 held 
steady for the first two-thirds of the 
test at approximately 1 pct and then rose 
to around 2 pct at the end. 

Breathing resistance remained steady 
throughout the tests, and temperature in­
creased steadily from ambient to approxi­
mately 48° C at the end. 

AZG-40 

This was a surprisingly lightweight and 
small unit which would provide adequate 
protection if not stressed too much. The 
trade-offs that permit its low size and 
weight are its high breathing resistance 
and inhaled gas temperature as well as 
its lesser duration. The average peak 

inhaled gas temperature would not likely 
be tolerated by a human being. This and 
the high resistance would force a person 
to slow the pace. The impact of carrying 
the apparatus in normal activities is, 
however, minimized by its weight and 
size. 

The termination mode was high CO 2, 
which is not preferred. The breathing 
loop proved to be very tight, easily 
passing the negative pressure test in 
four of five cases. The fifth apparatus 
was defective and failed the test. The 
connection between the bag and the can­
ister was not secure and leaked. This 
was repaired before the BMS test was 
performed. 

On two of the five apparatus, the 
starter candles did not go off until the 
18th and 19th minutes of the tests, even 
though they were started according to in­
structions like the rest. As a result, 
02 concentration initially rose slowly 
fromambi_ent and jumped when the candle 
finally went off, which caused venting of 
the bag and a slight drop in temperature. 
It appears from this problem and the 
aforementioned defect that more attention 
needs to be paid to quality control and 
possibly to design. 

During the tests, 02 concentration rose 
during the first half and fell during the 
last half, while C02 rose throughout the 
test from approximately 2 pct to the ter­
mination point of 4 pct. Breathing re­
sistance and temperature also continuous­
ly rose throughout the tests. 

DRAEGER OXY-SR 30 

The performance testing of this unit re­
vealed no surprises nor any unusual be­
havior. The termination mode in all 
cases was an empty oxygen bottle. All 
units passed the negative pressure test. 
The negative pressure required to elicit 
30 L/min of oxygen flow from the demand 
valve ranged from 16 to 64 mm H20, de­
pending upon the position of the breath­
ing bag collapsing on the demand valve. 



Oxygen concentration remained steady 
throughout the tests, while C02 was 
either steady or gradually increased from 
around 1.5 pct to 2.5 pct. Breathing re­
sistance stayed level throughout the 
tests, while inhaled gas temperature lev­
eled off after warming up. 

DRAEGER OXY-SR 45 

The performance of this apparaLus was, 
of course, very similar to that of the 
OXY-SR 30. Since the regulator is set at 
a lower rate than that of the OXY-SR 30 
and since that is lower than the BMS oxy­
gen consumption rate, the oxygen concen­
tration would be expected to drop, as it 
did in most cases. The termination mode 
was usually an empty oxygen bottle, but 
was high C02 in one case. All units 
passed the negative pressure leak test. 
The negative pressure required to elicit 
30 L/min of 02 flow from the demand valve 
was similar to that of the OXY-SR 30. 

C02 concentration gradually increased 
throughout the tests from around 1.5 pct 
to 3 pct and higher. Breathing resist­
ance and inhaled gas temperature were the 
same as with the OXY-SR 30. 

FENZY SPIRAL II 

One thing about the Fenzy Spiral II 
that makes it different from any other 
K02 device is that when the starter cord 
is pulled, the mouthpiece should be in 
the mouth, or in this case, connected to 
the simulator. The reason for this is 
that the oxygen is stored in a small com­
pressed gas cylinder and pours into the 
circuit very rapidly, unlike a chlorate 
candle, and if the mouthpiece is not al­
ready connected to the simulator, it 
escapes. 

Another interesting thing was that ap­
proximately half the K02 in the bed was 
not utilized at the end of the tests. 
When a used unit was taken apart in order 
to determine the flow path of the appara­
tus, a sizable quantity of the K02 was 
still yellow in color, indtcating that it 
was not utilized. This explains the 
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short duration of the apparatus consider­
ing its size and weight. Owing to the 
design of the bed, there is apparently 
not a good flow path, resulting in incom­
plete utilization of the K02. 

The termination mode in all cases was 
low bag volume. The apparatus is tightly 
constructed and passed the negative pres­
sure leak test in most cases. 

The performance characteristics were 
typical of K0 2 apparatus with oxygen 
concentration rising as nitrogen is 
pushed out of the flow loop owing to 
the overproduction of oxygen. C02 stays 
steady throughout the test. Breathing 
resistance stays steady until the end, 
when it increases dramatically. In­
haled gas temperature continually rises 
throughout the tests but probably would 
have leveled off if the tests had not 
terminated early owing to incomplete uti­
lization of the K02. 

WC-7 

Of the five Soviet apparatus tested, 
three were built in 1978 and two were 
built in 1973. All of these held up very 
well with no visible signs of aging. 
One unit built in 1973 (not tested) al­
ready had the starter activated or, at 
least, was not intact. This could be de­
tected by shaking the apparatus, which 
produced a rattling sound. Also, the 
mouthpiece lugs were missing. The prod­
uct literature says that the apparatus 
can be stored for as long as 2 years and 
thereafter must be checked in batches, 
segregated by their ages, every 6 months 
to validate their collective integrity. 

The apparatus are not permitted to be 
stored on any operating machinery. This 
precaution is presumably the result of 
experience with oxygen self-rescuers, the 
first types of which were produced in 
1958. This particular model was first 
produced in 1968. The miners are not 
required to wear the self-rescuer at the 
workplace if they keep it within 3 m. 
They are required to wear the unit if 
they travel. 
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The manual states clearly "Do Not Run!" 
This reveals a design philosophy which 
willingly compromises performance capa­
bility to achieve size and weight sav­
ings. This philosophy is presently under 
discussion in the United States. 

The termination mode in fouL of five 
cases was high CO2 , with one case ending 
due to low bag volume. Four of the five 
apparatus also passed the negative pres­
sure leak tes t. 

The performance characteristics were 
typical of K02 apparatus, with C02, in­
haled gas temperature, and breathing re­
sistance all showing a continuous rise 
and 02 rising and falling from beginning 
to end, peaking between 80 and 90 pct. 
It can be seen from the mean tables that 
the inhaled gas temperature was very 
high, with one apparatus reaching a peak 
of 75° C. A person wearing the apparatus 
would have been forced to slow the pace 
long before this point. This exemplifies 
one trade-off for the light weight and 
small size of the apparatus. 

LOCKHEED PBA 

These apparatus, which had been stored 
since 1974, had problems with aging of 
parts. The major problem was that the 
breathing hoses deformed so badly that, 
when used, either one hose or the other 
was crimped off such that both hoses 
could not present an open airway at the 
same time. This occurred in most of the 
apparatus tested. When this occurred, 
the hoses had to be cut off and replaced 
with plastic tubing. In some apparatus, 
the breathing bag was stuck together and 
was difficult to unfold. Also, some 
units emitted smoke from the mouthpiece 
when the candle was started. Ten units 
were tested. 

As can be seen from the duration column 
in table 2, there was some decay in K02 
efficiency, assuming that the apparatus 
did once have at least a 60-min capacity. 
The breathing resistance and temperature 
were rather high, also. Since we have 
not tested new such apparatus under these 

precise conditions, it is not known 
whether these undesirable test parameter 
values are due to aging or to design. 

The multiple termination modes can 
probably be attributed to the variability 
in manufacture of prototypes. This also 
would explain why approximately half of 
the apparatus passed the negative pres­
sure leak test while the other half did 
not. 

The performance characteristics varied 
widely from test to test, possibly 
depending upon the condition of the 
apparatus. In most cases, breathing re­
sistance remained steady. Temperature 
rose throughout the tests in all cases, 
and in some cases rose steeply. Oxygen 
behaved typically for a K02 device. C02 
rose in all cases, steeply in some, but 
recovered in two cases. 

MSA lO-MIN PBA 

These prototypes were manufactured in 
1974 and held up well except for gnarled 
breathing hoses, which seriously impaired 
their performance towards end-of-life. 
Breathing resistance became so high that 
the breathing hoses partially collapsed 
during inhalation. The durations all 
were longer than 10 min with termination 
due to high C02, but the breathing hoses 
began to collapse before this, although 
the pressures were really not very high 
(approximately 221 mm H2). In fact, they 
were in the range of what is necessary to 
elicit 30 L/min of O2 from the Ocenco EBA 
6.5. 

Four of five apparatus held tight on 
the negative pressure leak test. 

Oxygen concentration behaved typical­
ly for a K02 apparatus. Temperature 
rose constantly and rapidly throughout 
the tests. Breathing resistance remained 
steady until the hoses began to col­
lapse which caused inhalation resistance 
to increase dramatically. C02 rose 
slowly until near the end, when it rose 
rapidly. 



MSA 10/60 OXYGEN SELF-RESCUER 

The MSA 10/60 prototype units were 
4 years old, and as with other old 
prototype units, there was a wide range 
of performance. Some failings were de­
fective goggles, a 60-min canister 
that would not start, and few apparatus 
passing the negative pressure leak test. 
There were also high standard deviations 
in monitored parameters, as seen in 
tables 2 and 3. 

The termination mode was high C02 for 
the 10-min portion in all cases and low 
bag volume for the 60-min canister in all 
cases. The 60-min canister was connected 
to the 10-min apparatus when the C02 
reached 4 pct. 

C02 concentration was steady and then 
rose quickly in the 10-min portion but 
rose very gradually in the 60-min canis­
ter. 02 concentration rose and fell 
quickly in the 10-min portion. The rise 
and fall were more gradual in the 60-min 
canister. Breathing resistance behaved 
similarly. 

WESTINGHOUSE PBA 

The Westinghouse PBA prototypes had 
been stored since produced in 1971 and, 
as might be expected, had suffered some 
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damage from decay. Of the three tested, 
one had a leak in the breathing flow 
loop, while another had a decayed 02 
delivery flow tube from the chlorate 
candle to the breathing loop. This was 
repaired during a test. The third ap­
paratus was intact. In general, the 
apparatus functioned rather automatically 
without much variation. This can be seen 
by the low standard deviations exhibited 
in the monitored parameters of duration, 
02 and CO2 concentration and temperature. 
The large standard deviation noted in the 
exhalation resistance was due to one test 
with a high value (161). The other two 
tests had similar values (98 and 105 mm 
H2 0 ). 

The termination mode in all three cases 
was low bag volume, indicating the candle 
was expended. Only one apparatus passed 
the negative pressure leak test. 

Oxygen concentration rose quickly and 
stayed steady at near 90 pct throughout 
the tests until the candle was expended. 
C02 concentration remained at a low, 
steady point throughout the tests. The 
inhaled gas temperature stayed steady 
throughout the tests after an initial 
heating-up period. Breathing resistance 
also remained steady throughout the 
tests. 

CONCLUSIONS 

The apparatus exhibited an amazingly 
wide range of designs. Performance also 
ranged over a large spectrum, as can be 
seen from tables 2 and 3. 

The two self-rescuers from the U.S.S.R. 
and China both evidenced a design phi­
losophy of light weight and small size, 
sacrificing comfort in the areas of 
breathing resistance and inhaled gas 
temperature. 

The prototype apparatus, which had not 
seen routine production, had a high vari­
ation in performance parameters, reflect­
ing their handmade construction. This 
was seen most readily in the U.S.D. 
SCEBA-60, the Lockheed PBA, and the MSA 
10/60. 

Of the apparatus that were stored for 
some time, some had aged better than 
others. The prototype Lockheed and 
Westinghouse apparatus had problems with 
badly deteriorated rubber parts, which 
required extensive repairs before they 
could be tested. However, some of the 
WC-7 apparatus were built 10 years ago 
and performed perfectly. 

The Ocenco EBA 6.5 required a great 
amount of negative pressure to open the 
demand valve--four to five times more 
pressure than for the same flow rate with 
the CSE or the U.S.D. apparatus. Also, 
the breathing loop was not a tight one, 
and all failed the CSE negative pressure 
tests, as did all PASS 700's. Of the 
foreign apparatus, the Auer was also 



28 

For the units, results 
were inconsistent with some passing and 
some failing. 

To its low durations, a 
Spiral II was dissected; the 

beds were only half used, which indicates 
a poor bed 

There are many 
lized in the 
performance would 
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philosophies uti­
tes ted. Idea 1 

include an obvious 

termination mode, such as an empty 
Other parameters, such as CO 2 • tempera­
ture, and breathing resistance, would be 
low so as not to interfere with normal 

and metabolic functions. An 
ideal device would such 
and also be and 
Trade-offs are, of coutse, necessary. 
This paper, shows how different manufac­
turers have made different trade-offs and 
the results of their 
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