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SELF-CONTAINED SELF-RESCUER FIELD EVALUATION: 
FIRST-YEAR RESULTS OF 5-YEAR STUDY 

By N. Kyriazi,' J. G. K o v a ~ , ~  J S h ~ b i l l a , K y r i a z i ~  W. D ~ e r r , ~  and J. Kravitz5 

ABSTRACT 

A j o i n t  e f f o r t  by t h e  Bureau of Mines and t h e  Mine S a f e t y  and H e a l t h  
A d m i n i s t r a t i o n  (MSHA), U.S. Department  of  Labor ,  was u n d e r t a k e n  t o  de- 
t e r m i n e  how w e l l  s e l f - c o n t a i n e d  s e l f - r e s c u e r s ,  dep loyed  i n  a c c o r d a n c e  
w i t h  F e d e r a l  R e g u l a t i o n s  (30 CFK 75 .1714) ,  h e l d  up i n  t h e  underground 
e n v i r o n m e n t .  T h i s  r e p o r t  p r e s e n t s  f i n d i n g s  r e g a r d i n g  l a b o r a t o r y - t e s t e d  
b r e a t h i n g  a p p a r a t u s  f rom t h e  f i r s t  y e a r  oE a  5-yr program a s  w e l l  a s  
o t h e r  r e l a t e d  f i n d i n g s .  The SCSR's were t e s t e d  on human s u b j e c t s  and on 
a  b r e a t h i n g  and m e t a b o l i c  s i m u l a t o r .  These  r e s u l t s  i n d i c a t e  t h a t  t h e  
a p p a r a t u s ,  i f  w e l l - t r e a t e d ,  pe r fo rm a s  e x p e c t e d  e x c e p t  f o r  man t i f ac tu r ing  
d e f e c t s  o r  q u a l i t y  c o n t r o l  p rob lems ,  which  a r e  i d e n t i f i e d .  However,when 
t h e  a p p a r a t u s  a r e  c a r r i e d  i n  and o u t  of  t h e  mine e v e r y  day  and s t o r e d  
a t  t h e  work ing  s e c t i o n ,  t h e y  may s u f f e r  a b u s e  t h a t  can  be  ex t r eme .  
P h y s i c a l  s i g n s  of a b u s e ,  u n l e s s  e x t r e m e l y  o b v i o u s ,  f r e q u e n t l y  
a r e  n o t  d e t e c t e d  by t h e  m i n e r s  o r  t h e  mine o p e r a t o r s ;  t h i s  p o s e s  a  dan- 
g e r  t o  a  p o t e n t i a l  u s e r  i n  c a s e  of  emergency.  Recommendations i n c l u d e  
improved t r a i n i n g  i n  i n s p e c t i o n  p r o c e d u r e s .  

l ~ i o r n e d i c a l  e n g i n e e r .  
2 ~ u p e r v i s o r y  m e c h a n i c a l  e n g i n e e r .  
3 ~ n g i n e e r i n g  t e c h n i c i a n .  
4 ~ e n e r a l  b i o l o g i c a l  s c i e n t i s t .  

P i t t s b u r g h  R e s e a r c h  C e n t e r ,  Bureau o f  Mines,  P i t t s b u r g h ,  PA. 
5 ~ h i e f ,  Mine Emergency O p e r a t i o n s ,  Mine S a f e t y  and H e a l t h  A d m i n i s t r a t i o n ,  U.S .  D e -  

p a r t m e n t  o f  Labor ,  P i t t s b u r g h ,  PA. 



INTRODUCTION 

On J u n e  21,  1981, c o a l  mine o p e r a t o r s  
i n  t h e  Uni ted  S t a t e s  were r e q u i r e d  t o  
make a v a i l a b l e  t o  e a c h  underground c o a l  
miner  a s e l f - c o n t a i n e d  s e l f - r e s c u e r  
(SCSR). The r e g u l a t i o n s  (30 CFR 75.1714) 
r e q u i r e  t h a t  each  pe r son  i n  a n  under- 
ground c o a l  mine wear,  c a r r y ,  o r  have im-  
m e d i a t e  a c c e s s  t o  a s e l f - r e s c u e r  t h a t  h a s  
a n  oxygen source .  The Bureau of Mines i s  
i n v o l v e d  w i t h  t h e  Mine S a f e t y  and H e a l t h  
A d m i n i s t r a t i o n ,  U.S. Department of Labor ,  
(MSHA) i n  a  5-yr in-mine e v a l u a t i o n  of 
SCSR's now deployed i n  underground c o a l  
mines. I n  t h i s  s t u d y ,  MSHA's r e s p o n s i -  
b i l i t y  i s  t o  i d e n t i f y  t h e  p a r t i c i p a t i n g  
mines and t o  p r o c u r e  from t h o s e  mines t h e  
SCSR's t o  be t e s t e d .  The Bureau r e p l a c e s  
t h o s e  SCSR1s w i t h  new u n i t s  and t e s t s  t h e  
SCSR's i n  t h e  l a b o r a t o r i e s  of t h e  L i f e  
Suppor t  Group a t  i t s  P i t t s b u r g h  Research 
Cen te r .  The o b j e c t i v e  of t h i s  5-yr 

program i s  t o  e v a l u a t e  t h e  in-mine, oper-  
a t i o n a l  d u r a b i l i t y  of SCSR's. Of utmost  
concern  i s  t h e  s u c c e s s f u l  performance of 
any SCSR t h a t  p a s s e s  i t s  i n s p e c t i o n  c r i -  
t e r i a .  Such a p p a r a t u s  w i l l  be r e l i e d  upon 
t o  f u n c t i o n  s u c c e s s f u l l y  i n  a n  emergency. 
Apparatus  t h a t  f a i l  i n s p e c t i o n  c r i t e r i a  
a r e  expec ted  t o  be removed from s e r v i c e .  

I n  a  r e l a t e d  s t u d y  w i t h  MSHA, t h e  Bu- 
r e a u  i s  e v a l u a t i n g  t h e  performance of 
SCSR's t h a t  have been deployed by MSHA 
i n s p e c t o r s  f o r  3 yr .  I n  t h e  f i r s t  p a r t  
of t h e  MSHA i n s p e c t o r s '  SCSK s t u d y ,  a  
sampl ing of f o u r  a p p a r a t u s  was t e s t e d  i n  
t h e  L i f e  Suppor t  l a b o r a t o r i e s .  The sec-  
ond phase  c o n s i s t e d  of 14 a p p a r a t u s  t h a t  
were worn by MSHA i n s p e c t o r s  w h i l e  they  
walked around a  t r a c k  a s  f a s t  a s  condi-  
t i o n s  p e r m i t t e d  i n  t h e  e x p e r i m e n t a l  mine 
a t  t h e  P i t t s b u r g h  Research Center .  

EXPERIMENTAL PROCEDURE 

T h i s  program i n v o l v e s  t e s t i n g  approx i -  
ma te ly  100 SCSR's p e r  y e a r  f o r  5  y r , , w i t h  
t h e  f i r s t  y e a r  s p l i t  up i n t o  two, 6-month 
i n t e r v a l s .  T h i s  r e p o r t  d e s c r i b e s  f i n d -  
i n g s  th rough  t h e  second 6-month pe r iod .  
T e s t i n g  was done u s i n g  human s u b j e c t s  on 
a  t r e a d m i l l  o r  a  b r e a t h i n g  and m e t a b o l i c  
s i m u l a t o r  (BMS). In  t h e  f i r s t  6-month 
p e r i o d ,  90 p c t  of t h e  t e s t s  were per-  
formed u s i n g  a  BMS and 10 p c t  u s i n g  human 
s u b j e c t s .  The a p p a r a t u s  c o l l e c t e d  from 
t h e  p a r t i c i p a t i n g  mines f o r  t h e  second 
6-month t e s t  p e r i o d  were t e s t e d  by human 
s u b j e c t s  on t h e  t r e a d m i l l  because  t h e  BMS 
was u n a v a i l a b l e .  

The SCSR's t e s t e d  were manufactured by 
CSE, Draeger ,  MSA, Ocenco, and PASS 

( t a b l e  l ) ,  and were sampled a c c o r d i n g  t o  
market  sha re .  The sampl ing was modif ied  
t o  e n s u r e  t h a t  a t  l e a s t  10 SCSR1s from 
each  manufac tu re r  were sampled a n n u a l l y .  

MSHA chose  t h e  p a r t i c i p a t i n g  mines w i t h  
regard  t o  type  of mining machinery,  seam 
h e i g h t ,  and SCSK deployment mode i n  o r d e r  
t o  o b t a i n  a  r e p r e s e n t a t i v e  c r o s s  s e c t i o n  
of U.S. mines. The l i s t  of p a r t i c i p a t i n g  
.mines is  shown i n  t h e  appendix.  

F i v e  human s u b j e c t s  were used i n  t h e  
t r e a d m i l l  t e s t s .  T h e i r  we igh t s  and ages  
a r e  g i v e n  i n  t a b l e  2. 

The treadmill t e s t  c o n s i s t e d  of t h e  
t r e a d m i l l - e q u i v a l e n t  of t h e  1-h man-test 
4  from 30 CFK 11 used by t h e  N a t i o n a l  
I n s t i t u t e  f o r  Occupa t iona l  S a f e t y  and 

TABLE 1. - S e l f - c o n t a i n e d  s e l f - r e s c u e r s  r ece ived  f o r  e v a l u a t i o n  

Type of SCSR 

CSE AU-gAl.............. 
Draeger  OXY-SR 60B...... 
MSA 60-min SCSR......... 
Ocenco EBA 6.5.......... 
PASS 700................ 

Total.. . . . . . . . . . . . .  

Es t ima ted  
market  s h a r e ,  

PCt 
2  0 
2 1  
04 
54 
0 1  

100 

1 s t  6  months 
Rec'd 

2 1  
6  

13 
24 

0  
64 

T o t a l  
t e s t e d  

2  5 
2 1 
14 
44 

6  
110 

Tes ted  

2  1  
6  

13 
18 
0  

58 

2d 6  months 
Rec'd 

5 
15 

2 
20 
10 
52 

Tes ted  

4 
15 

1 
2 0  

6  
46 



TABLE 2. - Weights and ages of human 
subjects for treadmill tests 

Health (NIOSH), U.S. Department of Health 
and Human Services, in its testing and 
certification program. The BMS test con- 
sisted of the average metabolic work 
rate exhibited by the 50th-percentile 
miner weighing 87 kg (191.8 lb) while 
performing the 1-h man-test 4. The met- 
abolic parameters (at STPD) are given in 
table 3. The BMS is shown in figure 1. 
The parameters monitored were C02, 02, 

temperature, and breathing resistance in 
the BMS and the treadmill testing. In 
the BMS tests, average inhaled levels of 

Subject 

A . . . . . . . . . . . . . . . . . . . . . . . . .  
B * . . . . . . . . . . . . . . . . . . . . . . . .  
C......................... 
D*...........*.*.......... 
E........*..*.......*.... 

TABLE 3. - BMS breathing and 
metabolic parameters 

. O2 consumption rate.........L/min. 1.35 
C02 production rate.. ....... L/min.. 1.30 .... Ventilation rate........ ~/min.. 31.9 
Tidal volume (per breath).. ..... L.. 1 . Z r  
Respiratory frequency 

breathslmin.. 26.5 
Peak flow rate .............. L/min.. 126 

gas concentration were measured; in the 
treadmill tests, only minimum values of 
C02 and maximum of 4 were able to be 
measured. Average inhaled gas levels 
take into account the effect of dead 
space in an apparatus, but minimum values 
reflect only scrubber performance and do 
not indicate the actual concentration of 
gas inhaled. The BMS measures average 
inhaled values by having separate paths 
for inhalation and exhalation in the 
internal flow loop and, therefore, 

Age, 
y r 
20 
33 
34 
26 
41 

Weight 

FIGURE 1.-Breathing and metabolic simulator. 

kg 
64 
82 
64 
93 
80 

lb 
141 
181 
141 
205 
176 



c o l l e c t s  a l l  of t h e  g a s  t h a t  i s  a c t u a l l y  
i n h a l e d .  

The t e r m i n a t i o n  c r i t e r i a  were a  co l -  
l a p s e d  b r e a t h i n g  bag, i n d i c a t i n g  an 

RESULTS AND 

Problems were encounte red  w i t h  s e v e r a l  
of  t h e  a p p a r a t u s ;  c o n s e q u e n t l y ,  some were 
n o t  t e s t e d .  Of t h o s e  not  t e s t e d ,  some 
were r e j e c t e d  because  t h e y  f a i l e d  t h e i r  
i n s p e c t i o n  c r i t e r i a ;  o t h e r s  f a i l e d  w h i l e  
b e i n g  t e s t e d .  S p e c i a l - c a s e  r e s u l t s  a r e  
c a t e g o r i z e d  by t y p e  of a p p a r a t u s .  Gen- 
e r a l  r e s u l t s  a r e  d i s c u s s e d  l a t e r .  

CSE 

One CSE SCSR was r e j e c t e d  owing t o  dam- 
age  (no i n t a c t  l e a d  s e a l  and r a t t l i n g  of 
i n t e r n a l  components). When opened, i t  
s p i l l e d  o u t  i t s  components and cou ld  n o t  
have been used. T h i s  u n i t  shou ld  have 
been removed from s e r v i c e .  I f  t h e r e  i s  
i n t e r n a l  damage t o  a  CSE a p p a r a t u s ,  i t  
r a t t l e s  when shaken,  o r  t h e  oxygen b o t t l e  
gauge h a s  s h i f t e d  and cannot  be e a s i l y  
read.  

When a  CSE SCSR i s  dropped on t h e  lower 
c a s e  l a t c h ,  t h e  c a s e  bottom i s  pushed 
i n ,  which c a u s e s  t h e  b r e a t h i n g  bag t o  be 
punctured.  Although t h i s  can be  e a s i l y  
s e e n ,  sometimes i t  i s  n o t  recognized .  
Improved t r a i n i n g  i n  i n s p e c t i o n  proce- 
d u r e s  would c o r r e c t  t h i s  s i t u a t i o n .  

DRAEGER 

I n  t h e  second phase  of t h e  MSHA inspec-  
t o r s '  SCSR s t u d y ,  i n  which SCSR's were 
worn by MSHA i n s p e c t o r s ,  we found two 
Draeger  SCSR's w i t h  broken clamps around 
t h e  f l o w - s p l i t t i n g  v a l v e  housing,  which 
i s  a t  t h e  i n t e r f a c e  between t h e  b r e a t h i n g  
hose  and b r e a t h i n g  bag. During t h e  t e s t ,  
one of t h e  two u s e r s  e x p e r i e n c e d  t h e  sep- 
a r a t i o n  of  t h e  b r e a t h i n g  hose from t h e  
b r e a t h i n g  bag, r e n d e r i n g  t h e  u n i t  un- 
u s a b l e .  The o t h e r  u n i t  h e l d  t o g e t h e r .  
Draeger  h a s  under taken  a  r e c a l l  t o  r e -  
p l a c e  t h i s  clamp. 

One o t h e r  d i s c o v e r y  was t h a t  a  s i g n i f i -  
c a n t  p e r c e n t a g e  of t h e  Draeger  SCSR's 
had b r e a t h i n g  h o s e s  t h a t  were crimped 
where t h e y  were f o l d e d  f o r  packaging.  

exhaus ted  oxygen source  o r  average in -  
h a l e d  g a s  l e v e l s  of >4 pc t  C02 o r  615 pc t  
02. 

DISCUSSION 

Uncrimping t h e  hose  is s imple ,  but  i t  
must be mentioned i n  t h e  t r a i n i n g  proce- 
d u r e  f o r  u s i n g  t h e  appara tus .  

There have not  been any c a s e s ,  o t h e r  
t h a n  t h e  broken clamps mentioned above,  
i n  which a  Draeger SCSR passed i t s  in-  
s p e c t i o n  c r i t e r i a  and y e t  was n o t  usab le .  
I n s p e c t i o n  of 13 Draeger SCSR's t h a t  had 
been s u b j e c t e d  t o  t h e  e x p l o s i o n  f o r c e s  i n  
t h e  McClure Mine d i s a s t e r  showed t h a t  
even a p p a r a t u s  w i t h  s i g n i f i c a n t  damage 
performed normal ly  and could  have been 
used i n  a t t e m p t i n g  escape.  

There  have been two c a s e s  i n  which 
Draeger SCSR's were s e n t  i n  from v a r i o u s  
MSHA d i s t r i c t s  w i t h  r e p o r t s  t h a t  they  
f a i l e d  t o  f u n c t i o n  p roper ly .  Upon t e s t -  
i n g ,  t h e  a p p a r a t u s  were found t o  f u n c t i o n  
normal ly .  Improper u s e  could  have caused 
such  problems t o  occur .  Again, improved 
t r a i n i n g  i s  recommended i n  both  inspec-  
t i o n  and donning procedures .  

MSA 

Coughing o c c u r s  d u r i n g  t h e  f i r s t  sev- 
e r a l  b r e a t h s  when u s i n g  many MSA SCSR's. 
Although t h e  s p e c i f i c  c a u s e  i s  unknown, 
i t  i s  a t t r i b u t e d  t o  one of s e v e r a l  
p o s s i b i l i t i e s :  

1. Talcum powder i n  t h e  b r e a t h i n g  c i r -  
c u i t ,  which is used t o  keep t h e  rubber  
p a r t s  from s t i c k i n g  t o g e t h e r .  

2. KO2 f i n e s  t h a t  were no t  f u l l y  vacu- 
umed o u t  of t h e  c i r c u i t  a t  t h e  t ime of 
manufacture .  

3. KO2 p a r t i c l e s  t h a t  escaped t h e  f i l -  
t e r s  of t h e  chemical  bed. 
While one c a s e  can be a t t r i b u t e d  t o  cause  
3  above,  we b e l i e v e  t h a t  t h e  m a j o r i t y  of 
c a s e s  can  p robab ly  be a t t r i b u t e d  t o  c a u s e  
1 o r  2 ,  s i n c e  no damage t o  t h e  f i l t e r s  o r  
beds  was found i n  most cases .  I n  any 
c a s e ,  MSA is  p l a n n i n g  t o  app ly  warning 
s t i c k e r s  t o  i t s  a p p a r a t u s  a d v i s i n g  t h a t ,  
shou ld  coughing o c c u r ,  t h e  a p p a r a t u s  i s  
n o t  d e f e c t i v e  and shou ld  n o t  be removed, 



t h a t  any d u s t  w i l l  s e t t l e  prompt ly ,  and 
t h a t  coughing w i l l  c ease .  

S e v e r a l  e a r l y  a p p a r a t u s ,  produced f o r  
t h e  Bureau and MSHA and now used by MSHA 
i n s p e c t o r s ,  had i n t e r n a l  component s t r u c -  
t u r e s  t h a t  were d i s l o c a t e d  from t h e i r  
shock mounts and were i n  danger  of f a l l -  
i n g  o u t  of t h e  lower  c a s e  h a l v e s ;  t h i s  
would have made them d i f f i c u l t  t o  use.  
The c o n d i t i o n  was caused by one o r  more 
s e v e r e  d r o p s ;  however, no damage t o  t h e  
o u t e r  c a s e  was v i s i b l e .  T h i s  problem h a s  
been r e s o l v e d  i n  commercia l ly  a v a i l a b l e  
p r o d u c t i o n  models. 

OCENCO 

One Ocenco EBA 6.5 SCSK, which was used 
i n  t h e  Greenwich C o l l i e r i e s  e s c a p e ,  was 
found t o  have i t s  check v a l v e s  r e v e r s e d ;  
t h i s  made i t  very  d i f f i c u l t  t o  a c t i v a t e  
t h e  demand va lve .  T h i s  w a s  c o n s i d e r e d  t o  
be a  q u a l i t y  c o n t r o l  problem and was re -  
s o l v e d  by NIOSH and t h e  manufac tu re r .  

The major problems w i t h  t h e  Ocenco SCSR 
a r e  i t s  s t i f f  demand v a l v e  and i t s  s t r o n g  
o u t e r  case .  The p r e s s u r e  r e q u i r e d  t o  
e l i c i t  30 Ljmin from t h e  demand v a l v e  is 
approx imate ly  200 mm H20, compared w i t h  
approx imate ly  40 mm H20 f o r  t h e  CSE de- 
mand va lve .  Upon h i g h  oxygen usage r a t e s  
( o v e r  1.8 L/min) ,  t h e  demand v a l v e  comes 
i n t o  use .  Unless  aware of t h i s  f a c t ,  t h e  
u s e r  is l i k e l y  t o  t h i n k  t h a t  t h e  appara-  
t u s  is  mal func t ion ing .  When 1 2  Ocenco 
EBA 6.5 SCSK's were used i n  Greenwich . 
C o l l i e r i e s  mine f i r e ,  5 t e s t i m o n i e s  in-  
d i c a t e d  t h a t  t h e  u s e r s  f e l t  t h a t  t h e y  
cou ld  n o t  g e t  enough a i r ,  and e i t h e r  re- 
moved t h e  mouthpiece  o r  nose  c l i p ,  
b r e a t h e d  around t h e  mouthpiece ,  o r  slowed 
down. T r a i n i n g  would remedy t h i s  problem 
t o  some d e g r e e ,  b u t  t h e  b e s t  s o l u t i o n  i s  
t o  r e p l a c e  t h i s  demand v a l v e  w i t h  one 
t h a t  i s  n o t  a s  s t i f f .  

The s t r e n g t h  of t h e  c l e a r ,  o u t e r  c a s e  
of  t h e  Ocenco e n a b l e s  i t  t o  w i t h s t a n d  
shock b e t t e r  t h a n  i t s  i n t e r n a l  com- 
ponents .  I n  t h e  c a s e  of t h e  Greenwich 
C o l l i e r i e s  mine f i r e ,  12' o f  17 u n i t s  used 
f o r  e s c a p e  s u s t a i n e d  i n t e r n a l  damage su f -  
f i c i e n t l y  s e v e r e  t h a t  t h e y  shou ld  have 
been removed f rom s e r v i c e .  LiOH from 
t h e  s c r u b b e r  w a s  found i n  t h e  b r e a t h i n g  
c i r c u i t s  of f i v e  of t h e s e  damaged u n i t s .  

I n  a l l  t h e  c a s e s  but  one t h a t  we have 
s e e n  ( i n c l u d i n g  Greenwich),  t h e  damage 
was e v i d e n t ,  a l t h o u g h  i t  was n o t  recog- 
n i z e d  by t h e  miners ,  t h e  mine o p e r a t o r s ,  
o r  t h e  MSHA i n s p e c t o r s .  Improved t r a i n -  
i n g  i n  i n s p e c t i o n  p rocedures  o b v i o u s l y  is  
n e c e s s a r y .  I n  one c a s e ,  damage was n o t  
e v i d e n t  by i n s p e c t i o n :  t h e  oxygen b o t t l e  
was f u l l ,  t h e  b o t t l e  band was i n  p l a c e ,  
and t h e r e  were no c r a c k s  i n  t h e  case .  
When t h e  u n i t  was opened, t h e  b r e a t h i n g  
bag was found t o  c o n t a i n  s e v e r a l  grams of 
LiOH; LiOH a l s o  was found i n  t h e  mouth- 
p i e c e  and i n  t h e  case .  Upon c l o s e  in-  
s p e c t i o n ,  one cou ld  d e t e c t  f i n e  w h i t e  
p a r t i c l e s  of LiOH th rough  t h e  c l e a r  but  
s c r a t c h e d  o u t e r  case .  It i s  d o u b t f u l ,  
however, t h a t  anyone would have n o t i c e d  
i t s  p resence  u n l e s s  one was l o o k i n g  f o r  
i t .  It i s  recommended t h a t  any u n i t  w i t h  
a  s e v e r e l y  s c r a t c h e d  and gouged c a s e  be 
removed from s e r v i c e  because  i t  h a s  
s u f f e r e d  s u f f i c i e n t  abuse  t o  make i t  
s u s p e c t .  

A l e s s e r  problem i s  t h e  t i g h t - f i t t i n g  
c a s e  h a l v e s ,  which a r e  ex t remely  d i f f i -  
c u l t  t o  open w i t h o u t  p roper  t r a i n i n g .  It 
i s  recommended t h a t  t r a i n i n g  i n c l u d e  spe- 
c i a l  mention of t h e  opening procedure .  

PASS 

Two of t h e  PASS SCSK's , f o r  r e a s o n s  
s t i l l  unknown, underwent a  d e c r e a s e  i n  
oxygen c o n c e n t r a t i o n s  t o  below 15 p c t ,  
r e q u i r i n g  t e r m i n a t i o n  of t h e  t e s t s .  When 
t h e s e  u n i t s  were l a t e r  d i s m a n t l e d  and 
t e s t e d ,  t h e  oxygen f l o w  r a t e s  were found 
t o  be i n  compl iance  w i t h  s p e c i f i c a t i o n .  
S i n c e  o t h e r  a p p a r a t u s  were run immediate- 
l y  a f t e r  t h e i r  f a i l u r e s  w i t h  no problems, 
m a l f u n c t i o n i n g  measurement equipment was 
r u l e d  ou t .  One p o s s i b l e  e x p l a n a t i o n  i s  
t h a t  t h e  cons tan t - f low r e g u l a t o r s  were 
i n i t i a l l y  c logged w i t h  some p a r t i c u l a t e  
m a t t e r  t h a t  l a t e r  f r e e d  i t s e l f .  S i n c e  
t h e s e  i n c i d e n t s  cou ld  n o t  be r e p e a t e d  n o r  
t h e  c a u s e s  p i n p o i n t e d ,  t h e y  were n o t  pur- 
sued ,  a l t h o u g h  t h e y  were r e p o r t e d  t o  
NIOSH. 

One SCSR be ing  t e s t e d  by a  human sub- 
j e c t  on a  t r e a d m i l l  p e r m i t t e d  h i g h  in -  
h a l e d  C02 c o n c e n t r a t i o n s  d u r i n g  t h e  f i r s t  
s e v e r a l  b r e a t h s .  It was found t h a t  t h e  
i n h a l a t i o n  check v a l v e  was miss ing.  T h i s  



was considered to be a quality control 
problem and has been handled by NIOSH. 

GENERAL RESULTS 

All of the SCSR's that completed test- 
ing performed satisfactorily within a 
range of acceptable values. Performance 
parameters of individual units, divided 
by make and distinguished by test subject 
or type, are shown in figures 2 through 
10 .  There are two sets of graphs, repre- 
senting the first and second 6-month pe- 
riods of the program. The parameters 
monitored are as follows: average 

inhaled O2 concentration, average inhaled 
C02 concentration, inhaled gas tempera- 
ture, and inhalation and exhalation 
breathing resistances. The parameters 
monitored were averaged over each test 
duration and are plotted on the vertical 
axis. Individual tests are plotted on 
the horizontal axis. 
Average performance parameters for each 

type of apparatus for the First and sec- 
ond 6-month periods are presented in 
table 4.  Only BMS test results were used 
for calculation in the first 6-month 
period. 

TABLE 4. - Performance parameters for BMS and human-subject tests 

- 

BMS TESTS (1st 6 MONTHS) 
CSE................. I 19 1 2.5k0.3 1 75+ 8 1 - 6 3 7  48+3 

Manufacturer 

Draeger............. 
MSA................. 
~cenco.............. I 16 .6+ .2 1 36+ 11 1 41+1 1 55 t  6 1 4 a 3  ---- - 

HUMAN-SUBJECT TESTS (2d 6 MONTHS) ---- 
CSE................. I 4 1 2.3 t0 .4  1 59-t 8 1 47+ 6 

Number 
of tests 

1 :::+ -6 I ::+ 4 1 Draeger ......... ....I 1 z:? 7 1 24?6 
MSA................. 2 1 
Ocenco.............. 2 0 1.2+ .4 61r 10 38+ 2 35+ 7 24+ 8 
PASS................ 1.4+ .6 79+ 6 38+ 2 43+ 7 171.4 

C02 level, 
Pet 

O2 level, 
Pet 

Temp., 
O C 

Breathing resistance, 
mm H2 0 
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FIGURE 6.-CSE units, second 6 months. 
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FIGURE 7.-Draeger units, second 6 months. 
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FIGURE 8.-MSA units, second 6 months. 
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FIGURE 9.-Ocenco units, second 6 months. 
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CONCLUSIONS 

A number of q u a l i t y  c o n t r o l  problems 
were d i scovered  i n  t h i s  phase of t h e  5-yr 
f i e l d  e v a l u a t i o n .  These problems were 
r e p o r t e d  t o  NIOStl, MSIIA, and t h e  appro- 
p r i a t e  b rea th ing-appara tus  manufacturer .  
I n  each  c a s e ,  c o r r e c t i v e  a c t i o n  h a s  
been t aken  t o  s o l v e  t h e  q u a l i t y  c o n t r o l  
problem. 

C e r t a i n  SCSR's c o l l e c t e d  d u r i n g  t h i s  
p e r i o d  were damaged by d a i l y ,  in-mine 
u s e  and should have been removed from 
s e r v i c e .  The damage was g e n e r a l l y  ap- 
p a r e n t  and v i s i b l e  and should have been 
d e t e c t e d  i f  t h e  SCSR's had been p r o p e r l y  
i n s p e c t e d .  

Coughing occur red  d u r i n g  t h e  f i r s t  sev- 
e r a l  b r e a t h s  when u s i n g  many of t h e  
SCSR's. According t o  t h e  manufac tu re r s ,  
t h e  coughing is  not  due t o  i n h a l a t i o n  of 
KO;! o r  LiOH; i n s t e a d ,  i t  is caused by i n -  
h a l a t i o n  of t h e  talcum powder used i n  t h e  
b r e a t h i n g  hoses  and bags t o  keep them 
from s t i c k i n g  t o g e t h e r  d u r i n g  s t o r a g e .  
T r a i n i n g  shou ld  i n c l u d e  ment ioning t h e  
p o s s i b i l i t y  of coughing upon i n i t i a l  don- 
n i n g  of an  SCSK. 

I n  g e n e r a l ,  p rov id ing  t h a t  t h e r e  a r e  no 
q u a l i t y  c o n t r o l  problems, t h e  r e s u l t s  of 
t h e  f i r s t - y e a r  e v a l u a t i o n  s u g g e s t  t h a t  
SCSR's t h a t  pass  t h e i r  i n s p e c t i o n  c r i t e -  
r i a  can be counted on t o  p rov ide  a  s a f e  
l e v e l  of l i f e  s u p p o r t  c a p a b i l i t y  f o r  mine 
e s c a p e  purposes.  No problems have a r i s e n  
i n v o l v i n g  s u b t l e  performance d e g r a d a t i o n  
due t o  t h e  mining environment.  Ra ther ,  
t h e r e  have been e i t h e r  q u a l i t y  c o n t r o l  
d e f e c t s  o r  b l a t a n t  abuse  of t h e  a p p a r a t u s  
by t h e  u s e r s .  A dangerous s i t u a t i o n  oc- 
c u r s  i f  t h e  u s e r  does  not  r ecognize  dam- 
a g e  t o  t h e  a p p a r a t u s .  T h i s  shou ld  be 
r e c t i f i e d  through t r a i n i n g .  



APPENDIX.--PARTICIPATING MINES 

Mine Opera to r  Mine 

F i r s t  6 months: 
Bethlehem Mines Corp ........................................ 
C o n s o l i d a t i o n  Coal Co ....................................... 
Dominion Coal  Co ............................................ ................................ E a s t e r n  A s s o c i a t e d  Coal Corp 
Emery Mining Corp ........................................... 
G . M . & W . Coal  Co .......................................... 
Mears E n t e r p r i s e s .  I n c  ...................................... 

DO ........................................................ 
P i t t s t o n  Coal S a l e s  Co ...................................... 
R o c h e s t e r  & P i t t s b u r g h  Coal Co .............................. 
S o u t h e a s t e r n  Mining Co ...................................... 
V a l l e y  Camp Coal Co ......................................... 

Second 6 months: 
Bethlehem Mines Corp ........................................ 
C o n s o l i d a t i o n  Coal Co ....................................... 
Diamond Shamrock Coal Co .................................... 
Dominion Coal  Co ............................................ 
G . M . & W . Coal Co .......................................... 
I k e  Coal Co.. I n c  ........................................... 
I n l a n d  S t e e l  Coal Co ........................................ 
J & R Coal Co.. I n c  ......................................... 
J i m  Wal te r  Resources .  I n c  ................................... 
Keystone Coal Mining Corp ................................... 
Long Flame Coal Co.. I n c  .................................... 
Peabody Coal Co ............................................. 
Pyro  Mining Co .............................................. 

DO ........................................................ ................................... S . S . J o e  Burford  Coal  Co .................................. U.S. S t e e l  Mining Co., I n c  
Westmoreland Coal Co ......................................... 

Beth-Elkhorn No . 2 6  
Mathies 
Young's Branch No . 1 5  
Wharton No . 4  
Deer Creek 
Grove No . 1  
Penn H i l l s  No . 2  
Dixon Run No . 3  
Jewel1  Ridge No . 21-A 
Emi l e  
No . 8 
Val ley  Camp No . 1  

Beth-Elkhorn No . 2 6  
Pursg love  No . 1 5  
No . 10 
Young's Branch No . 1 5  
Grove No . 3  
No . 3 
No . 1 
No . 1 
Bessie 
Emi l i e  No . 1  
NO . 25-B 
No . 10 
Pyro No . 9  
Wheatcrof t 
Coal Bank Fork No . 8  
Maple Creek No . 2  
E c c l e s  No . 6  
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