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EVALUATING VENTILATION PARAMETERS 
OF THREE COAL MINE GOBS 

By R. J. Timko,' F. N. K i s ~ e l l , ~  and E. D. Thimons3 

ABSTRACT 

The Bureau of Mines used sulfur hexafluoride (SF6) tracer gas to eval- 
uate the effectiveness of gob ventilation and/or sealing practices at 
three coal mines, each having different problems associated with their 
mined-out areas. The purpose of these ventilation studies was to bet- 
ter understand whether current techniques employed for ventilation or 
sealing are successful at minimizing the potential for gob fires and ex- 
plosions. The work performed at each mine is discussed: One is a long- 
wall operation that uses ventilation to carry off hazardous gases, and 
two are rooeand-pillar operations, each with far different concerns, 
that seal off the gobs to isolate them from the main mine ventilation. 
In all cases employment of the Bureau's SF6 tracer gas technique re- 
sulted in answers to questions raised by the mine operators concerning 
the effectiveness of their gob ventilation or sealing practices in 
preventing mine fires. 

physical scientist. 
2~esearch supervisor. 
3~upervisory physical scientist. 
Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA. 



INTRODUCTION 

Coal  mining i n v o l v e s  t h e  f r a c t u r i n g  and 
removal  of  a  c e r t a i n  p o r t i o n  of t h e  c o a l  
seam; a  p r o d u c t i o n  g o a l  i s  t o  remove t h e  
maxirnum amount of c o a l  w i t h o u t  compro- 
m i s i n g  s a f e t y  of t h e  miners .  High ex- 
t r a c t i o n  t e c h n i q u e s ,  s u c h  a s  l o n g w a l l s ,  
have  become common. I n  room-and-pi l la r  
o p e r a t i o n s ,  r e t r e a t  o r  second mining i s  
f r e q u e n t l y  performed.  T h i s  i n v o l v e s  sys -  
t e m a t i c  removal  of c o a l  p i l l a r s  t h a t  

s u f f i c i e n t  q u a n t i t i e s  of methane ( 5  t o  15  
p c t  i n  a i r )  a r e  p r e s e n t .  Even w i t h o u t  
t h e  p r e s e n c e  of methane,  problems can  oc- 
c u r  i f  blackdamp (C02) a n d / o r  whitedamp 
(CO) l e a k  th rough  permeable  s e a l s .  

T h i s  r e p o r t  g i v e s  an  ove rv iew of  i n -  
v e s t i g a t i o n s  a t  t h r e e  d i f f e r e n t  c o a l  
mines h a v i n g  v e r y  d i f f e r e n t  gobs.  

1. A t  Mine A ,  which employs ma in ly  
l o n g w a l l  e x t r a c t i o n  t e c h n i q u e s ,  i t  was 

remain  a f t e r  t h e  pr imary  mining c y c l e ,  n e c e s s a r y  t o  v e n t i l a t e  t h e  r ema in ing  gob. 
which r e s u l t s  i n  c o n t r o l l e d  c a v i n g  of  t h e  Resea rch  de te rmined  t h e  p e r m e a b i l i t y  as 
s t r a t a  above t h e  mined-out a r e a ,  o r  gob. w e l l  a s  a v e r a g e  a i r  v e l o c i t i e s  t h r o u g h  

To p r e v e n t  t h e  mixing of  e x p l o s i v e  con- t h e  gob. 
c e n t r a t i o n s  of  methane ( 5  t o  15 p c t  CH4 2. A t  Mine B ,  which u s e s  room- 
i n  a i r )  and oxygen-r ich  mine a i r ,  mine a n d - p i l l a r  e x t r a c t i o n ,  t h e  gobs  were  
o p e r a t o r s  may employ one of  two t e c h -  
n i q u e s :  ( 1 )  c o n t i n u e  t o  v e n t i l a t e  t h e  
gob t o  keep t h e  methane c o n c e n t r a t i o n  
low, o r  ( 2 )  s e a l  o f f  t h e  s e c t i o n  t o  i s o -  
l a t e  i t  from t h e  main mine v e n t i l a t i o n .  
The 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) h a s  r e g u l a t i o n s  o r  s p e c i f i c a t i o n s  
r e g a r d i n g  e i t h e r  t echn ique .  For v e n t i l a -  
t i o n ,  MSHA r e q u i r e s  t h a t  s u f f i c i e n t  a i r  
be  used  t o  c a r r y  o f f  haza rdous  g a s e s  
(5) 

MSHA's s p e c i f i c a t i o n s  f o r  gob s e a l i n g  
r e q u i r e  t h a t  s e a l s  be made of s u b s t a n t i a l  
and i n c o m b u s t i b l e  m a t e r i a l s  t h a t  a r e  

s e a l e d .  The o p e r a t o r s  had been t a k i n g  
g a s  samples  from two s e a l s  i n  t h e  same 
s m a l l  gob. They were concerned because  
sample a n a l y s e s  d i d  n o t  ag ree .  Resea rch  
was performed t o  d e t e r m i n e  i f  c o n t i n u i t y  
e x i s t e d  a c r o s s  t h e  gob and t o  e v a l u a t e  
t h e  performance  of  t h e  s e a l s .  

3. A t  Mine C ,  which a l s o  u s e s  t h e  
room-and-pil lar  method, t h e  mined-out 
gobs were s e a l e d .  The p a r t i c u l a r  gob 
s t u d i e d  was ve ry  l a r g e ,  w i t h  t h r e e  sepa-  
r a t e  b u t  i n t e r c o n n e c t e d  s e c t i o n s ,  h a v i n g  
a  t o t a l  of  18  s e a l s  s e p a r a t i n g  i t  from 
t h e  a c t i v e  mine. The c o a l  seam p i t c h e d  

s t r o n g  enough t o  p r e v e n t  e x p l o s i o n  propa- downward s o  t h a t  t h e  methane c o n c e n t r a -  
g a t i o n .  Because of v a r y i n g  p r e s s u r e  d i f -  t i o n  was d i f f e r e n t  behind e a c h  s e t  of 
f e r e n t i a l s ,  m i n e r a l  f r i a b i l i t y ,  and s e a l s .  These  t e s t s  examined t h e  poten-  
s t r a t a  convergence ,  s e a l s  a r e  n e v e r  corn- t i a l  i n t e r c o n n e c t i o n  of  t h e  gob e n t r i e s  
p l e t e l y  a i r t i g h t .  T h e i r  pu rpose  i s  t o  
r e d u c e  t h e  p o t e n t i a l  f o r  combustion.  On 
t h e  one hand,  t h e y  r e s t r i c t  t h e  passage  
of  mine a i r  c o n t a i n i n g  h i g h  q u a n t i t i e s  of  
oxygen i n t o  gobs t h a t  have a  p o t e n t i a l  
f o r  spon taneous  combustion;  on t h e  o t h e r  
hand,  t h e y  r educe  t h e  passage  of exp lo -  
s i v e  g a s e s  l i b e r a t e d  from t h e  gob t o  t h e  
a r e a s  of t h e  a c t i v e  mine. 

I f  i n g a s s i n g  of mine a i r  t o  t h e  gob 
o c c u r s ,  f i r e s  can  be s t a r t e d  th rough  
spon taneous  combust ion ,  which u s u a l l y  
b e g i n s  s lowly  but  can a c c e l e r a t e  t o  haz- 
a r d o u s  p r o p o r t i o n s  b e f o r e  d e t e c t i o n .  I f  
o u t g a s s i n g  of gob gas i n t o  a c t i v e  a r e a s  

a s  w e l l  a s  t h e  performance  of t h e  s e c t i o n  
s e a l s .  

S u l f u r  h e x a f l u o r i d e  (SF6) was t h e  
t r a c e r  g a s  used  i n  a l l  gob e v a l u a t i o n  
work. SF6 is  a  c o l o r l e s s ,  o d o r l e s s ,  and 
t a s t e l e s s  g a s  hav ing  a  t h r e s h o l d  l i m i t  
va lue- t ime weighted  a v e r a g e  of 1 ,000 ppm. 
T h i s  low t o x i c i t y  means t h a t  worke r s  c a n  
be r e p e a t e d l y  exposed t o  1 ,000 ppm o f  SF6 
f o r  a  normal 8-h day and 40-h week wi th -  
o u t  e n c o u n t e r i n g  a d v e r s e  e f f e c t s  ( 1 ) .  

SF6 i s  s t o r e d  i n  s m a l l ,  low-pressure  
(300-ps i ) ,  m e t a l  l e c t u r e  b o t t l e s .  The 
g a s  has  a  volume of approx ima te ly  1.5 f t 3  
a t  a t m o s p h e r i c  p r e s s u r e .  The Bureau h a s  

o c c u r s ,  e x p l o s i o n s  can  happen where developed t e c h n i q u e s  For r e l e a s i n g  and 
sampl ing  SF6, a s  w e l l  a s  f o r  r e d u c i n g  t h e  

4 ~ n d e r l i n e d  numbers  i n  p a r e n t h e s e s  re- d a t a  o b t a i n e d  (3-4). - - T y p i c a l l y ,  t h e  SF6 
f e r  t o  i t e m s  i n  t h e  l i s t  of  r e f e r e n c e s  a t  i s  r e l e a s e d ,  t h e n  sampled by punc t l l r ing  
t h e  e n d  o f  t h i s  r e p o r t  a i r - e v a c u a t i n g  sampl ing  t u b e s ,  which a r e  



s i m i l a r  t o  t u b e s  used f o r  blood c o l l e c -  c o n c e n t r a t i o n s  a r e  determined through 
t i o n .  These t u b e s  a r e  t h e n  r e t u r n e d  e l e c t r o n - c a p t u r e  g a s  chromatographic  
t o  t h e  l a b o r a t o r y  where a c t u a l  g a s  a n a l y s i s .  

M I N E  A 

BACKGROUND 

Mine A ,  l o c a t e d  i n  sou thwes te rn  Penn- 
s y l v a n i a ,  was r e q u i r e d  t o  v e n t i l a t e ,  
r a t h e r  t h a n  s e a l ,  t h e  gobs remaining 
a f t e r  longwal l  mining. The gob a r e a  com- 
p r i s e d  f o u r  longwal l  p a n e l s  whose perim- 
e t e r s  con ta ined  e n t r i e s  t o  p r o p e r l y  ven- 
t i l a t e  t h e  gob. The longwal l  gob be ing  
e v a l u a t e d  was i n  t h e  second developed 
p a n e l ,  which was 490 f t  wide and 3,900 f t  
long.  T y p i c a l  seam h e i g h t  i n  t h i s  mine 
was 60 i n .  

A t  t i m e s ,  gob o u t g a s s i n g  of methane i n  
Mine A was a  problem. T h e r e f o r e ,  t h e  
mine had begun s i n k i n g  b o r e h o l e s  i n t o  t h e  
l o n g w a l l  p a n e l s  p r i o r  t o  mining. The 
topography above t h e  mine made a c t u a l  
b o r e h o l e  placement d i f f i c u l t .  The bore- 
h o l e  i n  t h i s  gob was d r i v e n  t o  t h e  cen- 
t e r l i n e  of t h e  gob, approximately  500 
f t  from t h e  e a s t e r n  b l e e d e r  e n t r i e s .  

The o b j e c t i v e  of t h i s  i n v e s t i g a t i o n  was 
t o  measure g a s  v e l o c i t i e s  through t h e  
caved gob. T h i s  was accomplished by cap- 
p ing  t h e  boreho le  and i n j e c t i n g  SF6 down 
a  t u b e  through t h e  b o r e h o l e  i n t o  t h e  gob. 
S e v e r a l  underground sampling l o c a t i o n s  
around t h e  p e r i m e t e r  of t h e  gob were s e t  
up t o  d e t e c t  t h e  SFg. The t o t a l  t ime re -  
q u i r e d  f o r  t h e  SF6 t o  t r a v e r s e  t h e  gob 
and e n t e r  t h e  v e n t i l a t i o n  a i r s t r e a m  could 
be conver ted  t o  an average  v e l o c i t y ,  ex- 
p r e s s e d  i n  f e e t  p e r  minute. 

BOREHOLE EXAMINATION 

P r i o r  t o  beg inn ing  t h e  e v a l u a t i o n ,  t h e  

t h e  ho le .  The t u b i n g  se rved  two pur- 
poses.  F i r s t ,  i t  was used t o  r e l e a s e  t h e  
SF6 j u s t  above t h e  caved gob. Second, 
SF6 samples were t a k e n  from t h e  tub ing  
a t  s p e c i f i c  i n t e r v a l s  d u r i n g  t h e  t e s t .  

S t a t i c  p r e s s u r e  a t  t h e  t o p  of t h e  bore- 
h o l e  was 3.0 i n  w.g. The p r e s s u r e  d i f -  
f e r e n c e  between t h e  t o p  of t h e  b o r e h o l e  
and t h e  bottom of t h e  t u b e  was measured 
a s  t h e  t u b i n g  was lowered down t h e  ho le .  
Two hoses  were connected t o  a  ~ w ~ e r '  Mag- 
n e h e l i c  p r e s s u r e  gauge: one from t h e  
boreho le  t o p ,  and a n o t h e r  from t h e  f i x e d  
end of t h e  t u b e  descending t h e  borehole .  
Table  1  shows t h a t  p r e s s u r e  d i f f e r -  
ence i n c r e a s e d  somewhat l i n e a r l y  from 
0  i n  w.g. a t  t h e  boreho le  t o p  t o  0.08 
i n  w.g. a t  500 f t .  

A t  570 f t ,  o r  approximately  200 f t  
above t h e  c o a l  seam, an o b s t r u c t i o n  was 
encountered,  and t h e  p r e s s u r e  d i f f e r e n -  
t i a l  began t o  c l imb r a p i d l y .  The t u b i n g  
was t h e n  r a i s e d  s l i g h t l y  t o  r e t u r n  t h e  
p r e s s u r e  d i f f e r e n t i a l  t o  i t s  o r i g i n a l  
v a l u e  (0.08 i n  w.g.). 

SF6 was then  i n j e c t e d  through t h e  tub- 
ing.  To e n s u r e  t h a t  t h e  SF6 would be re-  
l e a s e d  i n t o  t h e  gob and n o t  remain i n  t h e  
tub ing ,  t h e  t u b e  was then  purged w i t h  
n i t r o g e n .  However, problems were en- 
coun te red  w i t h  t h e  n i t r o g e n  purge,  and 
SF6 r e l e a s e  was n o t  completed u n t i l  ap- 
proximately  3.5 h  a f t e r  t h e  r e l e a s e  
s t a r t .  T h i s  was t h e  o f f i c i a l  s t a r t  t ime 
of t h e  t e s t .  Sampling took  p l a c e  a t  15- 
min i n t e r v a l s  a t  n i n e  underground b l e e d e r  
e n t r y  s t a t i o n s  a t  t h e  gob per imete r ,  a s  
w e l l  a s  a t  t h e  borehole .  

f lame a r r e s t e r  and check v a l v e  were re-  
moved from t h e  borehole .  The boreho le  S ~ e f e r e n c e  t o  s p e c i f i c  m a n u f a c t u r e r s  
was t h e n  capped and 0.25-in-ID, s e m i r i g i d  d o e s  n o t  i m p l y  e n d o r s e m e n t  by t h e  B u r e a u  
t u b i n g  was lowered through t h e  cap  i n t o  o f  Mines .  

TABLE 1. - D i f f e r e n t i a l  p r e s s u r e  change w i t h  d e p t h  

- - -- - - -- 

' ~ c t u a l  v a l u e s  were l i m i t e d  by t h e  r e s o l u t i o n  of t h e  ins t rument .  

Depth, f t :  

Surf ace.  ......... 
100. ............. 
200. ............. 

P r e s s u r e  d i f f e r e n t i a l ,  
i n  w.g. 

'0.00 
.04 
.04 

Depth, f t :  

300.............. 
400... . . . . . . . . . . .  
500. . . . . . . . . . . . . .  

P r e s s u r e  d i f f e r e n t i a l ,  
i n  w.g. 

0.04 
008 
.08 



To de te rmine  i n i t i a l  r e s u l t s ,  samples 
t a k e n  d u r i n g  t h e  f i r s t  3 h a t  t h e  bore- 
h o l e  bot tom were ana lyzed  immediately.  
R e s u l t s  showed t h a t  t h e  SF6 i n  t h e  bore- 
h o l e  was n o t  d i f f u s i n g  very  r a p i d l y .  
T h e r e f o r e ,  sampling f r e q u e n c i e s  were re- 
duced t o  one sample e v e r y  30 min, and t h e  
test t ime extended. 

Borehole  samples  were a g a i n  ana lyzed  on 
t h e  f o l l o w i n g  day t o  de te rmine  i f  SF6 
d i s p e r s i o n  was i n c r e a s i n g .  A f t e r  27 h  of 
sampl ing,  SF6 c o n c e n t r a t i o n s  a t  t h e  bore- 
h o l e  bottom had been reduced from approx- 
i m a t e l y  20,000 ppb t o  j u s t  above 100 ppb. 
Sampling con t inued ,  bu t  a t  a  reduced f r e -  
quency of one sample p e r  h o u r ,  f o r  1 week 
(168 h ) .  

F i g u r e  1  i s  a  v e n t i l a t i o n  schemat ic  of 
t h e  gob be ing  e v a l u a t e d ,  showing b l e e d e r  
e n t r y  sampl ing s t a t i o n s  1-9 and t h e  bore- 
ho le .  P o s i t i o n  A d e n o t e s  t h e  s h o r t e s t  
two-dimensional p a t h  from t h e  b o r e h o l e  t o  
a  b l e e d e r  e n t r y .  Also shown a r e  approxi-  
mate two-dimensional d i s t a n c e s  from t h e  
b o r e h o l e  t o  e a c h  sampling s t a t i o n .  

S t a t i o n s  were d i v i d e d  i n t o  t h r e e  
groups:  ( a )  no SF6 d e t e c t e d  (b )  de tec -  
t i o n  w i t h i n  3 h ,  and ( c )  d e t e c t i o n  be- 
tween 40 and 57 h. Only s t a t i o n  I de- 
t e c t e d  no SF6, probably  because t h e  
boreho le  was between i t  and t h e  fan.  
S t a t i o n s  2-6 d e t e c t e d  SF6 w i t h i n  3 h 
a f t e r  g a s  r e l e a s e .  S t a t i o n s  7-9 f i r s t  
d e t e c t e d  SF6 between 40 and 57 h a f t e r  
t h e  t e s t  began. Sampling was h a l t e d  
a f t e r  144 h. 

Borehole, 0' 

LEGEND 
-A- Sampling station All distances opprox f t  

FIGURE 1.-Ventilation schematic and sampling stations of 
Mine A gob. 

RESULTS 

Table  2  shows t h e  approximate  t i m e  from 
t e s t  s t a r t  t o  d e t e c t i o n  of SF6 a t  e a c h  
s t a t i o n  ( e x c e p t  s t a t i o n  1) .  Average g a s  
v e l o c i t y  (7) was determined f o r  b o t h  t h e  
l a s t  sampling t ime p r i o r  t o  g a s  d e t e c t i o n  
and t h e  f i r s t  sampl ing f o r  which SF6 was 
d e t e c t e d  a t  t h e  s t a t i o n ,  accord ing  t o  t h e  
e q u a t i o n  - 

V = D/T, 

- 
where V = average  g a s  v e l o c i t y ,  f t l m i n ,  

D = d i s t a n c e  from boreho le  t o  
s t a t i o n ,  i t ,  

and T = d e t e c t i o n  t i m e ,  min. 

TABLE 2. - SF6 d e t e c t i o n  t ime  and average  g a s  v e l o c i t y  through t h e  
gob from t h e  boreho le  t o  sampl ing s t a t i o n s  2-9, Mine A 

SF6 flow 
from bore-  
h o l e  to-- 

E a s t  s i d e :  
S t a t i o n  Z... 
S t a t i o n  3. . .  
S t a t i o n  4.. . 
S t a t i o n  5... 
S t a t i o n  6.. . 

West s i d e :  
S t a t i o n  7... 
S t a t i o n  8. .. 
S t a t i o n  9... 
l ~ n d i r e c t  p a t h ,  v i a  s t a t i o n  7. 

2-dimen- 
s i o n a l  d i s -  

t ance ,  f t  

800 
2,000 
2,100 
3,600 

'4,350 

3 ,900 
3,900 
3,600 

L a s t  sampl ing b e f o r e  d e t e c t i o n  
Time, min 

NAP 
3  0  
45 
30 

105 

2,395 
2,430 
2,7 25 

1st sampling showing SF6 
Gas v e l o c i t y ,  

f t / m i n  

NAP 
66.67 
46.67 

120.00 
41.43 

1.63 
1.58 
1.32 

Time, min 

45 
9  0  

105 
90 

165 

3,397 
2,741 
3,420 

Gas v e l o c i t y ,  
f  t /min 

17.78 
22.22 
20.00 
40.00 
26.36 

1.15 
1.42 
1.05 



Looking a t  o n l y  s t a t i o n s  7-9 (on  t h e  
wes t  s i d e  of t h e  g o b ) ,  one  might  assume 
t h a t  t h e  o v e r a l l  5 was no more t h a n  1.63 
f t / m i n .  However, t h e  wide r a n g e  i n  7 a t  
s t a t i o n s  2-6 ( 1 8  t o  120 f t / m i n )  i n d i c a t e d  
t h a t  t h e  SF6 was n o t  t r a v e l i n g  d i r e c t l y  
t o  t h o s e  s t a t i o n s  th rough  t h e  gob b u t  
must  have  e n t e r e d  t h e  b l e e d e r  e n t r i e s  a t  
some p o i n t  and was c a r r i e d  a l o n g  t h e  a i r -  
way t o  t h e s e  s a m p l i n g  s t a t i o n s .  I f  SF6 
was t o  t a k e  t h e  s h o r t e s t  two-dimensional  
p a t h  t o  t h e  b l e e d e r  e n t r i e s  (500 f t ) ,  
i t  would e n t e r  t h e  b l e e d e r  a i r s t r e a m  a t  
p o s i t i o n  A i n  f i g u r e  1. I f  5 f o r  s t a -  
t i o n s  7-9 had been r e a l i s t i c ,  t r a v e l  t i m e  
f rom t h e  b o r e h o l e  t o  p o s i t i o n  A s h o u l d  
have  been approx ima te ly  6  h ;  b u t  i n  ac-  
t u a l  t e s t i n g  SF6 was d e t e c t e d  a t  s t a t i o n  
2 ,  j u s t  downstream from p o s i t i o n  A ,  a f t e r  
o n l y  45 min. 

B l e e d e r  e n t r y  a i r  v e l o c i t y  was measured 
u s i n g  a n  anemometer a t  300 f t / m i n ,  and 
t r a v e l  t ime from s t a t i o n  1 t o  s t a t i o n  6  
was a s  f o l l o w s :  

From To Time, min 
S t a t i o n  I..... S t a t i o n  2.. . . .  2.7 
S t a t i o n  2  ..... S t a t i o n  3. . . . .  4.7 
S t a t i o n  3.. . . .  S t a t i o n  4. . . . .  4.0 
S t a t i o n  4.. . . .  S t a t i o n  S.. . . .  8.3 
S t a t i o n  5  ..... S t a t i o n  6. . . . .  2.3 
S t a t i o n  I . . . . .  S t a t i o n  f i . . . . .  22.0 

From t h i s  i n f o r m a t i o n ,  i t  was p o s s i b l e  
t o  approx ima te  t h e  g a s  v e l o c i t y  th rough  
t h e  g o b  t o  p o s i t i o n  A. S i n c e  v e n t i l a t i o n  
a i r  t r a v e l e d  f rom p o s i t i o n  A t o  s t a t i o n  2 
i n  o n l y  2  min, t h e n  t h e  maximum t ime f o r  
t h e  g a s  t o  move th rough  t h e  gob  t o  t h e  
b l e e d e r  e n t r y  ( a t  p o s i t i o n  A) i s  43 min;  
t h i s  r e s u l t s  i n  a  7 th rough  t h e  gob of  
12.8 f  t / m i n ,  which i s  a  minimum f i g u r e .  
T h i s  i s  approx ima te ly  10 t imes  t h e  ve loc -  
i t y  toward t h e  w e s t  s i d e  of t h e  gob 
( r a n g e  1.05 t o  1.63 f t / m i n ) .  The wide 
v a r i a t i o n  f rom t h e  e a s t  t o  wes t  s i d e s  of 
t h e  g o b  may be due  t o  s e v e r a l  f a c t o r s ,  
i n c l u d i n g  gob c a v i n g ,  p r o x i m i t y  t o  t h e  
b l e e d e r ,  b o r e h o l e  p o s i t i o n ,  and atmos- 
p h e r i c  p r e s s u r e  d i f f e r e n c e s  i n  t h e  s u r -  
round ing  b l e e d e r  e n t r i e s .  

Once SF6 e n t e r e d  t h e  b l e e d e r  e n t r i e s ,  
i t  a c q u i r e d  e n t r y  v e l o c i t y  and moved 
toward  t h e  f an .  SF6 was d e t e c t e d  a t  
s t a t i o n s  2-6 w i t h i n  t h e  same sampl ing  

i n t e r v a l ,  i n d i c a t i n g  t h a t  t h e  g a s  took  
t h e  s h o r t e s t  p o s s i b l e  p a t h  from t h e  bore-  
h o l e  t o  p o i n t  A. The SF6 c o n c e n t r a t i o n s  
peaked r a p i d l y ,  t h e n  r eapproached  z e r o  
a s y m p t o t i c a l l y .  No "second s p i k e "  o r  
subsequen t  i n c r e a s e  i n  SF6 c o n c e n t r a t i o n  
was e v e r  r e c o r d e d  a t  s t a t i o n s  2-6; s u c h  
a  change would have  i n d i c a t e d  a  d i r e c t  
f low of SF6 from t h e  b o r e h o l e ,  t h rough  
t h e  gob, t o  t h a t  s t a t i o n  and c o u l d  have  
g i v e n  r e s e a r c h e r s  a n  a v e r a g e  g a s  v e l o c i t y  
th roughou t  t h e  e n t i r e  gob. 

Assuming t h a t  t h e  t r u e  gob v e l o c i t y  was 
12.8 f t / m i n ,  t h e  v e n t i l a t i o n  p a t h s  t o  t h e  
w e s t e r n  b l e e d e r  sampl ing  s t a t  i o n s  ( 7-9) 
may have been s o  t o r t u o u s  t h a t  t h e  a i r  
r e q u i r e d  a  g r e a t e r  t i m e  t o  permeate  t h e  
gob. I n  an  a t t e m p t  t o  p l a c e  a  t h i r d  d i -  
mension i n  t h e  gob,  t h e  e q u a t i o n  
D = R x T  was used where R was 12.8 
f t / m i n ,  T  was t h e  g a s  d e t e c t i o n  t ime  
( m i n ) ,  and D was t h e  t o t a l  d i s t a n c e  ( f t ) .  
From t a b l e  3 ,  i t  i s  a p p a r e n t  t h a t  t h e  
d i s t a n c e s  d e r i v e d  were u n r e a l i s t i c a l l y  
l a r g e .  T h i s  conf i rms  t h e  r e s u l t s  of 
t a b l e  2. The v e l o c i t i e s  i n  t h e  w e s t e r n  
s i d e  of t h e  gob were s i g n i f i c a n t l y  lower 
t h a n  t h o s e  of  t h e  e a s t e r n  s i d e .  

CONCLUSIONS 

The o b j e c t i v e  was t o  d e t e r m i n e  t h e  
a b i l i t y  of  v e n t i l a t i o n  a i r  t o  a d e q u a t e l y  
e n t e r  and v e n t i l a t e  a  caved gob. The 
l o n e  e x h a u s t i n g  b o r e h o l e  was capped and a  
sma l l -d i amete r  t u b e  p l a c e d  down t h e  h o l e  
from t h e  s u r f a c e  t o  a  p o s i t i o n  j u s t  above 
t h e  a c t u a l  cav ing .  SFg, fo l lowed  by an  
i n e r t  purge  g a s ,  was r e l e a s e d  i n t o  t h e  
gob. Nine underground b l e e d e r  e v a l u a t i o n  
s t a t i o n s ,  i n  a d d i t i o n  t o  t h e  b o r e h o l e  
l o c a t i o n ,  were sampled f o r  SF6 o v e r  
a  t o t a l  of 6  days .  SF6 was d e t e c t e d  
i n  l e s s  t h a n  3  h  a t  t h e  e a s t e r n  Sam- 
p l i n g  p o i n t s  ( n e a r e r  t h e  b o r e h o l e ) ,  
whereas d e t e c t i o n  r e q u i r e d  2  d a y s  a t  
t h e  w e s t e r n  sampl ing  p o i n t s  f a r t h e s t  from 
t h e  boreho le .  

----------- 
6 ~ s  shown i n  f i g u r e  1 ,  t h e  p a t h  o f  SF6 

t o  s t a t i o n  6  was n o t  t h r o u g h  t h e  gob  
( h e n c e ,  n o t  v i a  s t a t i o n  7 ) ,  and  collld n o t  
h a v e  been  t h r o u q h  t h e  b l e e d e r  e n t r y  f rom 
s t a t i o n  5, hut a  l i k e l y  t h r o u g h  a 
p a r a l l e l  b l e e d e r  e n t r y  ( s h o w n ) .  



TABLE 3.  - D i s t a n c e s  f rom b o r e h o l e  t o  w e s t e r n  
sampl ing  p o i n t s  

The f o l l o w i n g  c o n c l u s i o n s  were  d e r i v e d  
r e g a r d i n g  t h e  p e r m e a b i l i t y  o f  t h e  caved 
gob. T h i s  gob was pe rmeab le ,  s i n c e  SF6 
was d e t e c t e d  a f t e r  a  s h o r t  s ampl ing  t ime.  
The l o c a t i o n  of t h e  b o r e h o l e  t ended  t o  
enhance  g a s  e s c a p e  toward t h e  e a s t e r n  
working a r e a s  even though mine atmos- 
p h e r i c  p r e s s u r e s  were  lower  on t h e  wes- 
t e r n  s i d e  of  t h e  gob. I f  a i r  q u a n t i t i e s  
f rom t h e  r e s p e c t i v e  e n t r i e s  remained t h e  
same when t h e  b o r e h o l e  was reopened,  t h e n  
one  s i d e  of t h e  gob was b e i n g  v e n t i l a t e d  
more e f f i c i e n t l y  t h a n  t h e  o t h e r .  

The l o c a t i o n  of  t h e  b o r e h o l e  a p p e a r e d  
t o  be  a c r i t i c a l  f a c t o r  i n  t h e  perform- 
a n c e  of t h i s  gob. M u l t i p l e  b o r e h o l e s  i n  
e a c h  p a n e l ,  o r  p o s s i b l y  a more s t r a t e g i c  

S t a t i o n  7: 
Minimum..... 
Maximum..... 

S t a t i o n  8: 
Minimum..... 
Maximum..... 

S t a t i o n  9 :  
Minimum.. . . . 
Maximum..... 

l o c a t i o n  of t h e  s i n g l e  b o r e h o l e ,  would 
improve gob v e n t i l a t i o n .  

I f  m u l t i p l e  b o r e h o l e s  a r e  n o t  f e a s i b l e ,  
a n  a l t e r n a t i v e  would b e  t o  e n s u r e  t h a t  a  
measurab le  p r e s s u r e  d i f f e r e n t i a l  e x i s t e d  
a c r o s s  t h e  gob, and t h a t  a  p e r c e p t i b l e  
q u a n t i t y  of  a i r  was a c t u a l l y  f l o w i n g  i n t o  
t h e  gob. S i n c e  a i r  movement i s  d i r e c t l y  
r e l a t e d  t o  p r e s s u r e  d i f  f e i - e n t i a l ,  i f  a  
d i f f e r e n t i a l  e x i s t s  a c r o s s  t h e  gob, some 
a i r  movement w i l l  t a k e  p l a c e .  There  was 
a p r e s s u r e  d i f f e r e n t i a l  a c r o s s  t h e  gob i n  
Mine A. T h i s ,  i n  c o n j u n c t i o n  w i t h  t h e  
b o r e h o l e ,  was a p p a r e n t l y  s u f f i c i e n t  t o  
minimize  problems a s s o c i a t e d  w i t h  gob 
v e n t i l a t i o n .  

MINE B 
BACKGKOUND 

Approximately 700 f t  p a s t  t h e  90" r i g h t  
Resea rch  a t  Mine B ,  an  underground c o a l  t u r n ,  a  v e r t i c a l  f a u l t  was encoun te red .  

mine i n  w e s t e r n  Colorado,  was performed Due t o  t h e  e x t e n t  of  t h e  v e r t i c a l  d i s -  
on a s e a l e d  gob. The c o a l  i n  t h i s  par -  p lacement ,  t h e  development was h a l t e d ,  
t i c u l a r  seam i s  prone  t o  spon taneous  com- and t h e  s e c t i o n  was r e t r e a t - p i l l a r - m i n e d  
b u s t i o n .  The gob was i n  a s e c t i o n  d r i v e n  back t o  t h e  f o u r - e n t r y  a r e a .  S e a l s  were  
90" westward from t h e  mains f o r  approx i -  t h e n  i n s t a l l e d  i n  e a c h  of t h e  f o u r  en- 
m a t e l y  700 f t  b e f o r e  e x e c u t i n g  a 90" tries. Because of  t h e  q u a n t i t y  of  over-  
r i g h t  t u r n  and c o n t i n u i n g  development burden and t h e  r e s u l t a n t  s t r a t a  conver-  
p a r a l l e l  t o  t h e  main e n t r i e s .  I n i t i a l l y ,  gence ,  e a c h  s e a l  had t o  be c o n s t r u c t e d  o f  
f i v e  e n t r i e s  were  d r i v e n ;  two i n t a k e s ,  wood b locks .  These  p i n e  b l o c k s  were 
two r e t u r n s ,  and one  b e l t  e n t r y .  A f t e r  b u i l t  t o  a n  approx ima te  t h i c k n e s s  of  3 
t h e  90" r i g h t  t u r n ,  on ly  f o u r  e n t r i e s  f t .  Sprayed-on r i g i d  u r e t h a n e  foam was 
were d r i v e n  f o r  j u s t  unde r  400 f t ,  a f t e r  a p p l i e d  t o  t h e  s e a l  f a c e s  a s  w e l l  a s  t o  
which  t h e  s e c t i o n  was expanded t o  s e v e n  t h e  r i b s  and roof  f o r  10 t o  19 f t  ou tby  
e n t r i e s  ( f i g .  2 ) .  ( f i g .  3 ) .  Sampling p o r t s  i n  s e a l s  A and 

Gas d e t e c t i o n  
t i m e ,  min 

2 ,395 
3 ,397 

2,430 
2 ,741 

2 ,725 
3,420 

D i s t a n c e  f rom b o r e h o l e ,  f t  
2-d imensional  

3 ,900  
3 ,900 

3 ,850 
3 ,850  

4 ,000 
4 ,000 

3-dimensional  

30,656 
43,481 

31,104 
35,084 

34,880 
43,776 



LEGEND Had SF6 been d e t e c t e d  i n  t h e  r e t u r n ,  i t  

FIGURE 2.-Sealed gob and sampling stations of Mine B. 

D  made i t  p o s s i b l e  t o  t a k e  gob samples  
r emote ly  v i a  t u b i n g .  

The o b j e c t i v e  of t h e s e  t e s t s  was t o  
d e t e r m i n e  why t h e  oxygen c o n c e n t r a t i o n  a t  
sampl ing  p o i n t  5  was much h i g h e r  t h a n  ex- 
pec ted .  T h i s  was a  conce rn  because  of 
t h e  p o t e n t i a l  f o r  spon taneous  combustion.  
SF6 was r e l e a s e d  d i r e c t l y  i n t o  s e a l  D 
th rough  t h e  sampl ing  p o r t .  To d e t e r m i n e  
s e a l  performance and p o s s i b l e  m i g r a t i o n  
of SFg, gob a i r  samples  were  t a k e n  beh ind  
t h e  s e a l s  from t h e  sampl ing p o r t s  a t  
p o i n t s  2 and 5. A d d i t i o n a l l y ,  SF6 sam- 
p l e s  were  t a k e n  from p o s i t i o n s  j u s t  ou tby  
t h e  l e f t  and r i g h t  s e a l s  ( p o i n t s  3  and 
4 ,  r e s p e c t i v e l y ) ,  and from t h e  l e f t  
and r i g h t  r e t u r n s  ( p o i n t s  1 and 6, 
r e s p e c t i v e l y ) .  

P r i o r  t o  t h i s  r e s e a r c h ,  a n o t h e r  SF6 
t r a c e r  g a s  s u r v e y  a t  t h e  same l o c a t i o n  
had been  conducted  by an  MSHA t e c h n i c a l  
s u p p o r t  group.  MSHA found t h a t  d e t e c t -  
a b l e  SF6 was n e i t h e r  pe rmea t ing  t h e  l a r g e  
v e r t i c a l  f a u l t  t h a t  had p r e v i o u s l y  h a l t e d  
mining i n  t h e  s e c t i o n ,  n o r  e n t e r i n g  a  
nea rby  r e t u r n  e n t r y .  Because of t h e  
p r o x i m i t y  of t h e  main r e t u r n  t o  t h e  
s e a l e d  s e c t i o n ,  a  l a r g e  p r e s s u r e  
d i f f e r e n t i a l  e x i s t e d  between t h e  two. 

would have  i n d i c a t e d  t h a t  t h e  a r e a - w a s  
a c t i v e l y  b e i n g  v e n t i l a t e d  r a t h e r  t h a n  be- 
i n g  s e a l e d .  

Two unknowns were i n v e s t i g a t e d :  ( 1 )  t h e  
performance of t h e  s e a l s  i n  p r o h i b i t -  
i n g  i n g a s s i n g  and o u t g a s s i n g ,  and ( 2 )  t h e  
p o t e n t i a l  f o r  t h e  v o i d s  i n b y  t h e  s e a l s  t o  
b e  d i r e c t l y  i n t e r c o n n e c t e d ,  t h u s  e n a b l i n g  
g a s  t o  m i g r a t e  from one s e a l  t o  a n o t h e r .  
S i n c e  oxygen i n f l o w  i s  d i r e c t l y  re-  
l a t e d  t o  s e a l  performance,  s o l v i n g  t h e  
f i r s t  unknown would e n a b l e  r e s e a r c h e r s  t o  
r e a c h  c o n c l u s i o n s  abou t  t h e  h igh  oxygen 
c o n c e n t r a t i o n s .  

Underground sampl ing took  p l a c e  a t  s i x  
d i f f e r e n t  l o c a t i o n s  ( f i g .  2 ) .  Any SF6 
t h a t  e scaped  from behind t h e  s e a l s  would 
be  d e t e c t e d  a t  one o r  p o s s i b l y  two Sam- 
p l i n g  p o i n t s  ( I  o r  6 ) .  A c o n s i d e r a b l e  
amount of s t a n d i n g  wa te r  i n  f r o n t  of 
s e a l s  A-C ( f i g .  4 )  made i t  d i f f i c u l t  t o  
examine s e a l  A f o r  a i r  leakage.  A s o l u -  
t i o n  t o  t h i s  problem was t o  connec t  sam- 
p l i n g  t u b i n g  t o  t h e  s e a l  p o r t  and e x t e n d  
t h i s  t u b i n g  approx imate ly  500 f t  ou tby  
t h e  s e a l  ( f rom p o i n t  2  t o  p o i n t  2 ' ) .  
T h i s  l e n g t h  of t u b i n g  a l s o  a l lowed t h e  
sampl ing s t a t i o n  t o  be on t h e  r e t u r n  s i d e  
of t h e  i n t a k e  a i r  s p l i t ,  e l i m i n a t i n g  t h e  
p o s s i b i l i t y  of SF6 r e e n t r a i n m e n t .  To 
sample f o r  SF6 behind s e a l  A ,  mine per-  
s o n n e l  a s p i r a t e d  t h e  t u b i n g ,  t h e n  began 
sampl ing gob a i r .  

Tubing was a l s o  used t o  sample from 
s e a l  A ou tby  ( p o i n t  3  t o  p o i n t  3 ' )  and 
s e a l  D inby  ( p o i n t  5  t o  p o i n t  5 ' )  pos i -  
t i o n s .  Th i s  was done t o  a v o i d  over-  
l a p p i n g  o f  SF6 samples a t  d i f f e r e n t  pos i -  
t i o n s .  P e r s o n a l  sampl ing pumps were used 
t o  c o n t i n u a l l y  p u l l  a i r  through t h e  
f l e x i b l e  t u b i n g  i n  a l l  c a s e s .  

FIRST GOB EVALUATION 

Once SF6 was r e l e a s e d  behind s e a l  D, 
sampl ing began. A problem immedia te ly  
s u r f a c e d  a t  p o i n t  5. The r a t e  a t  which 
t h e  sampl ing  pump was p u l l i n g  a i r  sug- 
g e s t e d  t h e  t u b i n g  had a  r e s t r i c t i o n  some- 
where i n - l i n e .  S h o r t l y  t h e r e a f t e r ,  w a t e r  
was v i s i b l e  i n  t h e  f l e x i b l e  tub ing .  SF6 
samples t a k e n  a t  t h i s  p o s i t i o n  were con- 
s i d e r e d  u n r e l i a b l e  because  of t h e  l a r g e  
q u a n t i t y  of w a t e r  t h a t  was c o l l e c t i n g  



FIGURE 3.-Mine B seals with urethane foam seal outby on roof and rlbs. 

i n s i d e  t h e  tubing.  T h i s  impl ied  t h a t  n o t  
a l l  of t h e  SF6 was i n j e c t e d  beh ind  t h e  
s e a l .  

Wi th in  30 min a f t e r  SF6 was r e l e a s e d  
behind s e a l  D,  60 p c t  of  t h e  t r a c e r  g a s  
had a l r e a d y  passed sampl ing p o i n t  6.  Be- 
c a u s e  of t h i s  r a p i d  recovery  of SF6, i t  
appeared t h a t  much of t h e  SF6 was re -  
l e a s e d  ou tby  t h e  s e a l  ( a t  p o i n t  4 )  a s  a  
r e s u l  t of  t h e  r e s t r i c t i o n .  

A t  sampling p o i n t s  2 ,  4 ,  and 6 ,  r e s u l t s  
were o b t a i n e d  f o r  approximate ly  30 min. 
Sampling p o i n t  4 ,  c l o s e s t  t o  t h e  SF6 re-  
l e a s e ,  showed a n  ex t remely  h i g h  SF6 con- 
c e n t r a t i o n  immediately f o l l o w i n g  t h e  SF6 
i n j e c t i o n  i n t o  s e a l  D. SF6 concentra-  
t i o n s  a t  p o i n t s  6 and 3 ( v i a  3 ' )  peaked 
s h o r t l y  a f  t e r  p o i n t  4 .  No SF6 was de- 
t e c t e d  a t  sample p o i n t  2 ( v i a  2 ' ) .  

The q u a n t i t y  of SF6 recovered  was de- 
termined by t h e  e q u a t i o n :  

where Q S F ~  = q u a n t i t y  of SF6 recovered  
( f t 3 >  

C Z S F ~  = mean c o n c e n t r a t i o n  of SF6 
i n  one p a r t  of a i r  

T = sampling t ime  (min) 

and Qa 1 ,- = a i r f l o w  ( f t  3/min) 

A t  p o i n t  6 ,  cons ide red  t h e  most r e l i a b l e  
sampl ing p o s i t i o n ,  0.67 f t 3  o r  60 p c t  of 
t h e  SF6 r e l e a s e d  was d e t e c t e d  w i t h i n  35 
min. Concen t ra t ions  a t  p o i n t s  3 and 4  
averaged 23 ppb (sampled f o r  30 min) and 
9,800 ppb (sampled f o r  65 min) ,  respec-  
t i v e l y .  The a i r  q u a n t i t i e s  f l o w i n g  p a s t  
e a c h  sampl ing p o i n t  were unknown. No SF6 
was d e t e c t e d  a t  p o i n t  I .  S i n c e  a l l  SF6 
e x i t i n g  t h e  s e c t i o n  had t o  p a s s  sampl ing 
p o i n t  6 ,  t h e  sum of a i r  q u a n t i t i e s  a t  
p o i n t s  3 and 4  shou ld  have equa led  t h e  



FIGURE 4.-Standing water located outby Mine B seals. 

0.67 f t 3  found i n  t h e  r e t u r n .  Modifying 
e q u a t i o n  1 s l i g h t l y  e n a b l e s  s o l v i n g  i t  
f o r  a i r f l o w ,  r a t h e r  t h a n  f o r  SF6 recov- 
e r e d .  The c a l c u l a t e d  a v e r a g e  a i r f l o w  
p a s s i n g  t h e  r i g h t  and l e f t  outby posi -  
t i o n s  was 1 ,050 f t 3 / m i n .  

Because of  i n j e c t i o n  problems,  t h e  re- 
s u l t s  o b t a i n e d  i n  t h i s  p o r t i o n  of t h e  
t e s t  were l i m i t e d .  However, i t  was s e e n  
t h a t  no SF6 m i g r a t e d  t o  p o i n t  1 o r  from 
s e a l  D inby ( p o i n t  5 )  t o  s e a l  A inby  
( p o i n t  2 ) .  

SECOND GOB EVALUATION 

Because of t h e  obv ious  sampling prob- 
lems a t  p o i n t  5,  r e s e a r c h e r s  examined t h e  
copper  t u b i n g  ex tend ing  through s e a l  D 
i n t o  t h e  gob. The inby  end of  t h e  tube  
was found t o  be a lmos t  t o t a l l y  c o l l a p s e d  
and under  water .  The copper  t u b e  was re -  
p a i r e d  and r e i n s e r t e d  i n t o  s e a l  D, and a 
second b o t t l e  of SF6 was i n j e c t e d  i n t o  
t h e  s e a l .  Again, a i r  sampl ing took p l a c e  

a t  a l l  s i x  sampling p o s i t i o n s .  Th i s  
t ime ,  SF6 c o n c e n t r a t i o n s  a t  p o i n t  4 aver -  
aged 320 ppb f o r  35 min. A t  p o i n t  6, 
mean SF6 c o n c e n t r a t i o n s  were 90 ppb f o r  
105 sampl ing minutes .  

A f t e r  t h e  second r e l e a s e ,  p o i n t  6 
showed o n l y  a  29-pct r ecovery  of  t h e  
t o t a l  SF6 i n j e c t e d .  Assuming t h a t  t h e  
a i r  q u a n t i t y  p r e v i o u s l y  determined a t  
p o i n t  4 (1 ,050  f t / m i n )  was c o r r e c t ,  now 
on ly  4.5 p c t  of  t h e  SF6 r e l e a s e d  was re-  
covered a t  t h a t  p o i n t .  There fo re ,  p o i n t  
4 was sampl ing l e s s  g a s  t h a n  t h e  r e t u r n .  
Since  p o i n t  4 was w i t h i n  t h e  ure thane-  
s e a l e d  roof  and r i b  a r e a ,  SF6 i n j e c t e d  
i n t o  t h e  gob was probably  l e a k i n g  around 
t h e  u r e t h a n e  s e a l  and i n t o  t h e  r e t u r n .  

No SF6 was d e t e c t e d  a t  p o i n t  2 through- 
o u t  b o t h  t h e s e  t e s t s .  Again, any a i r  m i -  
g r a t i o n  from p o i n t  5 t o  p o i n t  2 was e i -  
t h e r  ex t remely  slow o r  n i l .  

A f t e r  t h e  r e l e a s e ,  t h e  c o n c e n t r a t i o n  
a t  sampl ing p o i n t  5  remained a lmost  con- 
s t a n t  ( s l o p e  0.02). Knowing t h i s ,  an 



assumption was made abou t  t h e  r e l a t i v e  
s i z e  of t h e  v o i d  behind s e a l  D. Mean SF6 
c o n c e n t r a t i o n  averaged 2.6 v o l  p c t .  The 
a c t u a l  q u a n t i t y  of SF6 r e l e a s e d  was 1.01 
f t 3 .  By p r o p o r t i o n ,  t h e  approximate  s i z e  
3f t h e  v o i d  behind s e a l  D was determined 
t o  be 39 f t 3 .  

R e s u l t s  of t h i s  second phase  of t e s t i n g  
provided more in format ion .  Assuming t h a t  
t h e  d e r i v e d  volume behind s e a l  D was cor-  
r e c t ,  t h e  l i k e l i h o o d  of g a s  m i g r a t i o n  
from one e n t r y  t o  a n o t h e r  was ve ry  re-  
mote. T h e r e f o r e ,  t h e r e  was l i t t l e  chance 
t h a t  SF6 r e l e a s e d  inby s e a l  D would be 
d e t e c t e d  i n  any o t h e r  gob l o c a t i o n .  

GAS ANALYSES OF LEFT AND RIGHT 
INBY POSITIONS 

In  a d d i t i o n  t o  t h e  SF6 e v a l u a t i o n s ,  g a s  
c o n c e n t r a t i o n s  behind b o t h  s e a l s  A and D 
were examined. Again, t h e r e  appeared t o  
be l i t t l e  c o r r e l a t i o n  between d a t a  re-  
c e i v e d  from t h e  two inby s e a l  p o s i t i o n s  
( p o i n t s  2 and 5,  r e s p e c t i v e l y ) .  S e a l  A 
e x h i b i t e d  c h a r a c t e r i s t i c s  commonly found 
i n  s e a l e d  gobs--depressed 02 and N 2  
and e l e v a t e d  q u a n t i t i e s  of C02 and 
hydrocarbons ( t a b l e  4 ) .  The a i r  behind 
s e a l  A appeared t o  be p a r t  of t h e  gob 
atmosphere.  

Sampling behind s e a l  D d i d  n o t  produce 
t h e  same r e s u l t s .  I n i t i a l l y ,  02 samples 
resembled t h e  ambient mine atmosphere. 
Samples o b t a i n e d  through t h e  r e p a i r e d  

sampling p o r t  d u r i n g  t h e  second gob 
e v a l u a t i o n ,  which s t a r t e d  a t  10:30 a.m., 
showed a  d e c r e a s e  i n  02 and an i n c r e a s e  
i n  C02 and t h e  hydrocarbons.  Although 
t h e  c o n c e n t r a t i o n s  of v a r i o u s  g a s e s  
l i n k e d  t o  gob a tmospheres  d i d  i n c r e a s e ,  
t h e  e l e v a t e d  q u a n t i t i e s  were s t i l l  low 
enough t o  s u p p o r t  t h e  b e l i e f  t h a t  a i r  was 
probably  l e a k i n g  through s e a l  D. S ince  
hydrocarbon c o n c e n t r a t i o n s  remained r e l a -  
t i v e l y  low, caving behind t h e  s e a l  must 
have been complete  and very  c l o s e  t o  t h e  
s e a l .  Only a  remote connec t ion ,  due t o  
s l i g h t l y  e l e v a t e d  C02 and CH4,  appeared 
t o  e x i s t  between t h e  void and t h e  o v e r a l l  
gob volume. 

CONCLUSIONS 

I n  Mine B ,  a f t e r  mining had been com- 
p l e t e d ,  s t a n d a r d  p r a c t t c e  was t o  s e a l  t h e  
s e c t i o n  t o  e l i m i n a t e  t h e  p o t e n t i a l  f o r  
spontaneous  combustion. S e a l s  were made 
of p ine  b l o c k s ,  h i t c h e d  i n t o  t h e  f l o o r  
and r i b s ,  and coa ted  w i t h  sp ray-app l ied ,  
r i g i d  u re thane  foam. I n  a d d i t i o n ,  t o  
reduce t h e  p o s s i b i l i t y  o f  gob gas escape  
i n t o  t h e  working a r e a s  of t h e  mine, ex- 
t e n s i v e  s e a l i n g  was performed on t h e  roof  
and r i b s  outby t h e  s e a l s .  

I n  t h e  p a r t i c u l a r  s e c t i o n  examined, 
f o u r  s e a l s  s e p a r a t e d  t h e  gob from t h e  
a c t i v e  workings. The two o u t s i d e  s e a l s  
had sampling p o r t s  through which gob g a s  
was sampled. 

TABLE 4. - Gas c o n c e n t r a t i o n s  behind s e a l  A and s e a l  D, Mine B 

Time 

SEAL A 

Concen t ra t ion ,  p c t  
02 1 A r  1 N 2  I c o ~ I c o I C H ~  

10:15. . . .... 
1 0 ~ 5 5 .  ... 0 .  

11:30 ....... 
13:OO.. a ...* 
14:30. e.... 

10:15 ....... 
10:40... . . . .  
10:55... . . . .  
11:30... . . . .  
13:OO ....... 
14:30. . . . . . .  

Concentra t  ion ,  ppm 
C ~ H ~ I C ~ H ~ I C ~ H ~ O I C ~ H ~ ~  

SEAL D 

9.0 
8.4 
8.1 
5.0 
8.9 

ND No g a s  d e t e c t e d .  

20.8 
19.3 
19.0 
17.0 
16.6 
18.7 

0.71 
070 
.70 
070 
070 

0.93 
091 
089 
089 
.89 

59.9 
59.0 
58.8 
58.8 
59.7 

78.1 
76.4 
75.0 
74.4 
74.4 

0 9 1 - 7 6 0 1  

8.4 
8.8 
8.9 
8.9 
8.5 

-- - 

0.1 
1.3 
1.8 
2.7 
3.0 
1.8 

ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 

21.9 
23.0 
23.4 
23.5 
22.1 

ND 
2.1 
3.3 
5.0 
5.1 
2.5 

200 
210 
200 
200 
190 

ND 
15 
20 
10 
10 
20 

95 
100 
100 
100 
90 

ND 
9  

12 
10 
8  
5  

ND 
15 
22 
25 
20 
12 

ND 
7  
9 

10 
10 
6  

150 
165 
165 
165 
155 

60 
65 
65 
65 
60 



The o b j e c t i v e  was t o  d e t e r m i n e  why g a s  
samples  t a k e n  from t h e  two o u t s i d e  s e a l s  
d i f f e r e d  s o  r a d i c a l l y ,  one e x h i b i t i n g  
h i g h  methane and low oxygen,  t h e  o t h e r  
j u s t  t h e  o p p o s i t e .  

A sampl ing  s t r a t e g y  was developed.  I n  
b o t h  tests,  SF6 was i n j e c t e d  inby  t h e  
s e a l  d i s p l a y i n g  ambient  a i r  p r o p e r t i e s  
( s e a l  D). The r e s u l t s  of  t h e s e  t e s t s  i n -  
d i c a t e d  t h e  p r e s e n c e  of  a n  e x t e n s i v e  
cave - in  j u s t  i n b y  t h a t  s e a l .  T h i s  c a v i n g  
was t i g h t  enough t o  s e p a r a t e  t h e  a r e a  i m -  
m e d i a t e l y  behind t h e  s e a l  f rom t h e  r e s t  

MINE 

BACKGROUND 

I n  Mine C ,  u n a n t i c i p a t e d  gob g a s  prob- 
lems were  o c c u r r i n g  beh ind  gob s e a l s  t h a t  
s e p a r a t e d  t h r e e  d i f f e r e n t ,  supposed ly  
i n t e r c o n n e c t e d ,  mine s e c t i o n s  f rom t h e  
working a r e a s  of  a  c o a l  mine. Each sec-  
t i o n  had s e v e r a l  s e a l s ,  one of  which  had 
a  p o r t  f o r  gob g a s  sampl ing .  S e c t i o n  2  
S o u t h  e x h i b i t e d  h i g h  methane (approx.  50 
p c t ) ,  s e c t i o n  3 Sou th  had methane concen- 
t r a t i o n s  j u s t  above t h e  e x p l o s i v e  r a n g e  
( approx .  17 p c t )  , and s e c t i o n  4 Sou th  ap- 
p rox ima ted  ambient  a i r .  Because of t h e  
p o t e n t i a l  d a n g e r  a s s o c i a t e d  w i t h  s e c t i o n  
3 S o u t h ,  t h e  Bureau of Mines was a sked  t o  
p e r f o r m  SF6 v e n t i l a t i o n  t e s t s  on a l l  
t h r e e  s e c t i o n s .  The o b j e c t i v e s  were t o  
d e t e r m i n e  s e a l  per formance  and a t t e m p t  t o  
v e r i f y  t h e  e x i s t e n c e  of  a n  a i r  i n t e r c o n -  
n e c t i o n  between t h e  t h r e e  s e c t i o n s .  

Mine C i s  l o c a t e d  i n  s o u t h e a s t e r n  Colo- 
r ado .  S e c t i o n s  2  Sou th ,  3 Sou th ,  and 
4 Sou th  ( f i g .  5 )  a r e  l o c a t e d  i n  a  c o a l  
seam 4 t o  1 1  f t  t h i c k ,  which p i t c h e s  down 
toward t h e  s o u t h w e s t  a t  a  7-pct  s l o p e .  

The main e n t r y  ( n o t  shown) was d r i v e n  
i n  a  westward d i r e c t i o n .  S e v e r a l  sec-  
t i o n s  were deve loped  southward  from t h e  
main. The t h r e e  s e c t i o n s  t o  be examined 
appea red  t o  be  i n t e r c o n n e c t e d  by an  
e a s t - w e s t  development ,  r e f e r r e d  t o  a s  
P a n e l  A. P a n e l  A develdpment t o o k  p l a c e  

7 ~ h e  gob  a r e a  a s s o c i a t e d  w i t h  P a n e l  A 
was whe re  a l l  e x a m i n a t i o n s  i n  t h i s  r e p o r t  
t o o k  place.  T h i s  a r e a  w i l l  be  r e f e r r e d  
t o  a s  t h e  gob. 

of t h e  gob. Gas a n a l y s e s  showed o n l y  a 
remote  c o n n e c t i o n  between t h e  s p a c e  inby  
s e a l  D and t h e  r e s t  of t h e  gob. Samples 
t a k e n  i n b y  s e a l  D showed g a s  c o n c e n t r a -  
t i o n s  c l o s e  t o  t h o s e  i n  ambient  a i r .  
Those samples  t a k e n  i n b y  s e a l  A were more 
t y p i c a l  of  gob g a s  samples  i n  t h a t  t h e y  
had h i g h e r  c o n c e n t r a t i o n s  of hydrocarbon 
g a s e s  and C02, and d e p r e s s e d  q u a n t i t i e s  
of  02.  T h i s  i m p l i e d  t h a t  t h e  a r e a  imme- 
d i a t e l y  i n b y  s e a l  D was a l m o s t  c o m p l e t e l y  
i s o l a t e d  f rom t h e  r e s t  of  t h e  gob. 

a t  t h e  s o u t h e r l y  t e r m i n a t i o n  of  a l l  t h r e e  
s e c t i o n s .  

Development, and some r e t r e a t  p i l l a r  
mining had been comple ted  i n  t h e  3 South  
and 4 Sou th  s e c t i o n s  b e f o r e  t h e y  were 
s e a l e d .  Approximately 800 f t  of  t h e  
sou the rnmos t  p o r t i o n  of  2  South was a l s o  
s e a l e d .  The e n c l o s e d  gob encompassed 
n e a r l y  6.5 m i l l i o n  f t 3 .  An a c t i v e  sec-  
t i o n  s t i l l  e x i s t e d  i n  t h e  2  South  de- 
ve lopment ,  j u s t  n o r t h  of  t h e  s e a l e d  gob. 
T h i s  s u b s e c t i o n  was b e i n g  developed west-  
ward and was r e f e r r e d  t o  a s  P a n e l  B.  

The gob was i s o l a t e d  from t h e  a c t i v e  
mine by 16- in - th i ck  c o n c r e t e  b l o c k  s e a l s .  
A c e m e n t i t i o u s  s e a l a n t  was a p p l i e d  t o  t h e  
ou tby  and inby f a c e s .  R i g i d  u r e t h a n e  
foam was s p r a y - a p p l i e d  t o  t h e  p e r i m e t e r  
of e a c h  s e a l  f o r  added t i g h t n e s s .  A 2-in 
b a l l  v a l v e  was l o c a t e d  i n  t h e  f a r  l e f t  
and r i g h t  s e a l s  of  e a c h  s e c t i o n .  A 0.25- 
in-OD copper  tube  f o r  gob g a s  sampl ing  
was a l s o  l o c a t e d  i n  t h e  l e f t  o r  No. 1  
s e a l  of  e a c h  s e c t i o n .  It was e s t i m a t e d  
t h a t  t h e  copper  t u b e s  ex tended  i n t o  t h e  
gob f o r  a t  l e a s t  50 f t .  

A l l  t h r e e  s e a l e d  s e c t i o n s  were v e n t i -  
l a t e d  on r e t u r n  a i r .  An i n t a k e  s p l i t  
from t h e  main e n t r y  v e n t i l a t e d  Pane l  €3, 
t h e n  v e n t i l a t e d  t h e  s e a l s  a c r o s s  2  South.  
Both 3 and 4 South s e a l s  were v e n t i l a t e d  
by t h e  s o u t h  l e g  of  t h e  main e n t r y  re-  
t u r n s .  Bra t t i ce -wing  c u r t a i n s ,  j u s t  ou t -  
by e a c h  s e a l ,  f o r c e d  r e t u r n  a i r  t o  sweep 
t h e  s e a l  f a c e ,  h e l p i n g  t o  e n s u r e  p r o p e r  
s e a l  v e n t i l a t i o n .  

To s t a r t  t h e  e v a l u a t i o n ,  on s e p a r a t e  
days  SF6 was r e l e a s e d  i n t o  t h e  No. 1  s e a l  
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of e a c h  of t h e  t h r e e  s e c t i o ~ l s  th rough  
t h e  0.25-in g a s  sampl ing  tube.  On t h e  
f i r s t  day  of  t e s t i n g ,  SF6 was i n j e c t e d  
i n t o  4 South;  on t h e  second d a y ,  i n t o  
3 South;  and on t h e  t h i r d ,  i n t o  2 South.  
Immedia te ly  f o l l o w i n g  t h e  SF6 r e l e a s e ,  a  
p o s i t i v e  d i s p l a c e m e n t  pump, approved by 
MSHA f o r  sampl ing  i n  methane a tmospheres ,  
was connec ted  t o  e a c h  t u b e  and r u n  u n t i l  
t h e  l i n e  was comple te ly  purged. T h i s  en- 
s u r e d  t h a t  t h e  SF6 samples  would be drawn 
Erom t h e  gob a tmosphere  and n o t  from t h e  
t u b e  i t s e l f .  

For t h e s e  t e s t s ,  samples  were c o l l e c t e d  
i n  two d i f  Eerent  ways--d i rec t  s ampl ing  by 
e v a l u a t i n g  ambient  a i r  i n  t h e  r e t u r n s ,  

and remote  sampl ing ,  u s i n g  a  p e r s o n a l  
s ampl ing  pump t o  p u l l  a i r  from i n b y  t h e  
s e a l s  th rough  t h e  gob sampl ing  p o r t .  
S e m i r i g i d  t u b i n g  was connec ted  t o  t h e  g a s  
sampl ing  p o r t  t h a t  p r o t r u d e d  from t h e  
s e a l .  The sampl ing  pump was connec ted  t o  
t h e  ou tby  end of  t h e  tub ing .  

An i n - l i n e  p l a s t i c  t e e  was p l a c e d  i n  
t h e  t u b i n g  a t  an  arbitrary d i s t a n c e  be- 
tween t h e  s e a l  and pump. The s e m i r i g i d  
t u b i n g  was connec ted  t o  two l e g s  of  t h e  
t e e .  The t h i r d  l e g  had an  a i r t i g h t  sep-  
tum, through which samples  would be ex- 
t r a c t e d  a t  p r e v i o u s l y  a r r a n g e d  s p e c i f i c  
t ime i n t e r v a l s .  



EVALUATION 

4  Sou th  

I n  t h e  4  Sou th  s e c t i o n ,  1.16 f t 3  of  SF6 
was r e l e a s e d  beh ind  t h e  No. 1  s e a l .  The 
s e a l  was i n g a s s i n g  a s  t h e  SF6 was b e i n g  
r e l e a s e d .  The SF6 c o n c e n t r a t i o n  a t  t h i s  
l o c a t i o n  showed l i t t l e  change o v e r  t h e  
e n t i r e  sampl ing  p e r i o d .  The g a s  concen- 
t r a t i o n s  measured a t  t h i s  p o i n t  i n d i c a t e d  
a  v e r y  low r a t e  of  d i f f u s i o n .  

The 4  Sou th  r e t u r n  sampl ing  p o s i t i o n  
began i n d i c a t i n g  t h e  p r e s e n c e  o f  SF6 117 
min a f t e r  r e l e a s e  and t h e n  c o n t i n u o u s l y  
f o r  t h e  r ema inde r  of  t h e  t e s t .  The quan- 
t i t y  of  SF6 l e a k i n g  th rough  t h e  s e a l s  
d u r i n g  t h e  t e s t  a v e r a g e d  0.06 f t 3 / h .  

T h i r t y  m i n u t e s  a f t e r  t h e  4  Sou th  r e t u r n  
began d e t e c t i n g  SFg, i t  was a l s o  found i n  
t h e  3  Sou th  r e t u r n .  The a v e r a g e  SF6 f low 
volume a t  t h e  3  Sou th  r e t u r n  f o r  t h e  t e s t  
was 0.01 f t 3 / h .  T h i s  y i e l d s  a  d i l u t i o n  
r a t i o  of 6: 1  ( f r o m  4  Sou th  t o  3  S o u t h ) ,  
which  e n a b l e d  r e s e a r c h e r s  t o  d e t e r m i n e  
t h e  c o n t r i b u t i o n  of 4  Sou th  a i r  l e a k a g e  
when t h e  3 Sou th  s e a l s  were e v a l u a t e d  t h e  
f o l l o w i n g  day.  No SF6 was d e t e c t e d  i n  
t h e  3 Sou th  gob;  t h u s ,  i t  was h i g h l y  un- 
l i k e l y  t h a t  any SF6 found i n  t h e  3  Sou th  
r e t u r n  was l e a k i n g  th rough  t h e  3  South  
s e a l s .  For t h e  r ema inde r  of  t h e  t e s t ,  
SF6 was d e t e c t e d  a t  b o t h  t h e  4  South  and 
3  Sou th  r e t u r n  p o s i t i o n s ,  w i t h  v a l u e s  a t  
3  Sou th  rough ly  t r a i l i n g  4  Sou th  peaks  by 
20 min. 

3  Sou th  

On t h e  second day ,  1.15 f  t 3  of SF6 was 
r e l e a s e d  beh ind  t h e  No. 1  s e a l  of t h e  3  
Sou th  s e c t i o n ,  which o u t g a s s e d  th roughou t  
t h e  SF6 r e l e a s e .  SF6 c o n c e n t r a t i o n s  be- 
h i n d  t h e  No. 1  s e a l  i n  3  Sou th  were i n i -  
t i a l l y  f a i r l y  low and i n c r e a s e d  through-  
o u t  t h e  sampl ing  p e r i o d .  T h i s  was 
c o n t r a r y  t o  what had been e x p e c t e d ,  s i n c e  
d i f f u s i o n  caused  by t h e  k i n e t i c  ene rgy  of 
t h e  g a s e s  a t  t h e  m o l e c u l a r  l e v e l  s h o u l d  
t e n d  t o  d i l u t e  t h e  g a s e s  and t h u s  r educe  
t h e  c o n c e n t r a t i o n s .  

SF6 was d e t e c t e d  i n  t h e  3  Sou th  r e t u r n  
immedia te ly  a f t e r  r e l e a s e .  Average SF6 
f l o w  r a t e  th rough  3  Sou th  s e a l s  was 
0.04 f t 3 / h .  Because of t h e  low SF6 

c o n c e n t r a t i o n  d e t e c t e d  i n  t h e  4  South  
r e t u r n  d u r i n g  t h i s  e v a l u a t i o n ,  a l l  SF6 
sampled i n  t h e  3  Sou th  r e t u r n  was con- 
s i d e r e d  t o  be l e a k i n g  th rough  3  South 
s e a l s .  I f  t h i s  l e a k  r a t e  had c o n t i n u e d  
unchanged, a l l  t h e  SF6 i n  t h e  3  South  gob 
shou ld  have  been d e p l e t e d  i n  j u s t  unde r  
26 h. However, a s  t h e  3  Sou th  s e c t i o n  
approached e q u i l i b r i u m ,  * l e a k a g e  t h r o u g h  
t h e  s e a l s  r a p i d l y  d imin i shed .  

Average a i r  l e a k a g e  from t h e  3  South  
s e a l s  was 1,525 f t3 /min .  ~ f   SF^ was 
l e a k i n g  e v e n l y  th rough  a l l  s i x  s e a l s ,  t h e  
a v e r a g e  a i r  l e a k a g e  was s l i g h t l y  more 
t h a n  250 f t 3 / m i n  p e r  s e a l .  

Remote gob samples  t a k e n  behind t h e  4  
South  s e a l s  showed t h a t  SF6 concen- 
t r a t i o n s  d e c r e a s e d  by a  f a c t o r  of 1 ,500 
o v e r  a  24-h p e r i o d .  T h i s  l a r g e  r e d u c t i o n  
took  p l a c e  even though v e r y  l i t t l e  con- 
c e n t r a t i o n  change was no ted  th roughou t  
t h e  second d a y ' s  sampl ing  t ime.  

2  South 

On t h e  t h i r d  day ,  1.13 f t 3  of SF6 was 
r e l e a s e d  behind t h e  2 South  s e a l .  T h i s  
s e a l  a l s o  was o u t g a s s i n g  d u r i n g  t h e  SF6 
r e l e a s e .  Again, t h e  a v e r a g e  SF6 concen- 
t r a t i o n  began a t  a  low v a l u e  and in-  
c r e a s e d  th roughou t  t h e  t e s t .  Assuming 
t h a t  t h e  h i g h e s t  c o n c e n t r a t i o n  a t t a i n e d  
s i g n i f i e d  e q u i l i b r i u m  i n  t h e  gob, t h e  2  
South  gob appea red  t o  e q u i l i b r a t e  much 
f a s t e r  t h a n  t h e  3  South  gob. 

A s  i n  t h e  3  South  t e s t ,  SF6 was de- 
t e c t e d  i n  t h e  2  South  r e t u r n  immedia te ly  
a f t e r  r e l e a s e .  Re tu rn  c o n c e n t r a t i o n s  
remained h i g h  th roughou t  t h e  t e s t .  Aver- 
age  SF6 f low r a t e  th rough  t h e  s e a l s  was 
0.18 f t 3 / h .  A t  t h i s  r a t e ,  S F g w a s  pro- 
j e c t e d  t o  f u l l y  d e p l e t e  i n  s l i g h t l y  ove r  
6  h. Again, a s  t h e  gob a i r  began t o  ap- 
p roach  e q u i l i b r i u m ,  SF6 f l o w  th rough  t h e  
s e a l s  d imin i shed  r a p i d l y .  

The a i r  l e a k a g e  th rough  t h e  s e a l s  was 
c a l c u l a t e d  by comparing t h e  concen- 
t r a t i o n s  behind and i n  f r o n t  of t h e  

* ~ ~ u i l i b r i u m  i n  t h i s  c o n t e x t  means  t h e  
s a m p l i n q  t i m e  i n  w h i c h  SF6 c o n c e n t r a t i o n s  
f a l l ,  t h e n  m a i n t a i n  a  c o n s t a n t  v a l l l e ,  
w i t h  n o  m e a s u r a b l e  a d d i t i o n a l  d i f f u s i o n  
t a k i n g  p l a c e .  



s e a l s .  I f  t h e  SF6 was l e a k i n g  t h r o u g h  
o n l y  t h e  one  s e a l  w i t h  t h e  sampl ing  p o r t ,  
l e a k a g e  was 3 ,569 f  t 3/min. I f  a l l  s e v e n  
s e a l s  were  l e a k i n g ,  t h e  a v e r a g e  a i r f l o w  
was 509 f t 3 / m i n .  

Remote gob samples  t a k e n  inby  t h e  3  
S o u t h  s e a l s  were  s u r p r i s i n g ,  i n  t h a t  t h e  
a v e r a g e  SF6 c o n c e n t r a t i o n  i n c r e a s e d ,  
r a t h e r  t h a n  d e c r e a s e d ,  compared w i t h  
l e v e l s  from s a d p l e s  t a k e n  t h e  p r e v i o u s  
day.  I n  f a c t ,  t h e  v a l u e s  were a l m o s t  
t w i c e  a s  h i g h  a s  t h e  day be fo re .  A t  t h e  
same t i m e ,  remote gob  samples  a l s o  showed 
t h a t  t h e  c o n c e n t r a t i o n  i n  t h e  4  Sou th  gob 
c o n t i n u e d  t o  d e c r e a s e  v e r y  s lowly .  In  
b o t h  c a s e s ,  t h e  c o n c e n t r a t i o n  changed 
v e r y  l i t t l e  d u r i n g  sampl ing ,  showing 
l i t t l e  a d d i t i o n a l  g a s  d i l u t i o n  t h r o u g h o u t  
t h e  gob. 

CONCLUSIONS 

4  Sou th  

Because  t h e  SF6 c o n c e n t r a t i o n  behind 
t h e  4  Sou th  s e a l  d i d  n o t  d e c l i n e  mea- 
s u r a b l y  th roughou t  t h e  f  i r s t - d a y  test ,  
t h e  g a s  was a p p a r e n t l y  b e i n g  r e l e a s e d  
i n t o  a  problem a r e a ,  p robab ly  i n t o  some 
t i g h t l y  caved o r  b l i n d  a r e a  where l i t t l e  
mix ing  was a b l e  t o  t a k e  p l a c e .  However, 
s i n c e  SF6 l e a k a g e  d i d  o c c u r  th rough  t h e  
s e a l s ,  t h e  a i r  i n  t h e  gob was moving. 
The sample p robe ,  t h e r e f o r e ,  may have 
been  p o o r l y  l o c a t e d  and may n o t  have  i n -  
d i c a t e d  what was a c t u a l l y  happening i n  
t h e  gob. 

Fo l lowing  t h e  f i r s t  day  of  sampl ing ,  
o n l y  v e r y  s m a l l  q u a n t i t i e s  of SF6 were 
d e t e c t e d  i n  t h e  4  Sou th  r e t u r n s .  Dur ing  
i n i t i a l  SF6 r e l e a s e ,  t h e  s e a l  was i n g a s -  
s i n g ,  b u t  i t  began o u t g a s s i n g  d u r i n g  t h e  
n e x t  two sampl ing  days .  It was p r o b a b l e  
t h a t ,  d u r i n g  h o u r s  when no SF6 sampl ing  
was t a k i n g  p l a c e ,  more SF6 o u t g a s s e d  i n t o  
t h e  r e t u r n .  Mine c o n d i t i o n s  d i d  n o t  ap- 
p e a r  t o  be s u f f i c i e n t l y  s e v e r e  t o  c a u s e  
p r e s s u r e  changes  t h a t  would have c r e a t e d  
a n  a p p r e c i a b l e  change i n  t h e  mine 
atmosphere.  

Twenty-four h o u r s  a f t e r  t h e  SF6 r e l e a s e  
i n  4 Sou th ,  samples  d e t e c t e d  no  SF6 i n  
t h e  3  South  gob. Even a f t e r  more t h a n  48  
h ,  t h e  2 Sou th  gob sampl ing  p o s i t i o n  
s t i l l  had n o t  d e t e c t e d  any SF6 from 

4  South.  Based on t h i s ,  t h e r e  ap- 
pea red  t o  have  been no l o w - r e s i s t a n c e  a i r  
i n t e r c o n n e c t i o n  between s e c t i o n s .  

The s e a l s  themse lves  appea red  ade- 
q u a t e l y  c o n s t r u c t e d  t o  p r e c l u d e  l a r g e -  
s c a l e  gob g a s  l eakage .  However, 
a  p e r i o d i c  v i s u a l  i n s p e c t i o n  was 
recommended t o  e n s u r e  t h a t  t h e  s e a l s ,  and 
e s p e c i a l l y  t h e i r  m o r t a r  s e a l a n t s ,  re- 
mained s o l i d .  

3 Sou th  

It was n o t  de te rmined  why, a f t e r  SF6 
was r e l e a s e d  beh ind  t h e  3  Sou th  s e a l ,  t h e  
c o n c e n t r a t i o n  i n c r e a s e d  th roughou t  t h e  
sampl ing  p e r i o d .  According t o  g a s  d i f -  
f u s i o n  l a w s ,  b e c a u s e  of  t h e  random mot ion  
o f  m o l e c u l e s  and t h e i r  a s s o c i a t e d  k i n e t i c  
e n e r g y ,  t h e  n e t  f low o f  g a s  i s  f rom h i g h  
c o n c e n t r a t i o n s  t o  low. One e x p l a n a t i o n  
proposed was t h a t  i f  t h e  sampl ing  p robe  
was a t  t h e  roo f  and t h e  gob a tmosphere  
was s t a t i c ,  t h e  SF6, which i s  more t h a n  4  
t i m e s  a s  d e n s e  a s  a i r ,  would r e q u i r e  a  
l o n g  t i m e  t o  d i l u t e  back t o  t h e  probe .  
However, c h i s  would be  v a l i d  o n l y  i f  
t h e r e  was l i t t l e  a i r  movement i n  t h e  gob;  
t h e  immediate d e t e c t i o n  o f  SF6 i n  t h e  3  
South  r e t u r n  s u g g e s t s  a i r  movement behind 
t h e  s e a l s .  

During t h e  2  Sou th  e v a l u a t i o n ,  SF6 con- 
c e n t r a t i o n s  i n  t h e  3  Sou th  gob were 
s t a b l e  b u t  approx ima te ly  t w i c e  a s  h i g h  a s  
t h e  i n i t i a l  peak when SF6 was r e l e a s e d  
i n t o  3 South.  SF6 c o n t i n u e d  t o  i n c r e a s e  
f rom t h e  t ime  g a s  was r e l e a s e d  i n t o  t h e  
s e c t i o n  u n t i l  e q u i l i b r i u m  was e s t a b -  
l i s h e d .  S i n c e  no SF6 change o c c u r r e d  i n  
3 Sou th  d u r i n g  sampl ing  t h e  day  a f t e r  
SF6 r e l e a s e  i n  3  Sou th ,  t h e  gob was 
c o n s i d e r e d  t o  be  a t  e q u i l i b r i u m .  

Again, a n  open i n t e r c o n n e c t i o n  between 
4  South  and 3 Sou th  d i d  n o t  a p p e a r  t o  
e x i s t .  No SF6 was d e t e c t e d  i n  3  South  
even a s  l a t e  a s  24 h  a f t e r  i t s  r e l e a s e  i n  
4  South.  The d i s t a n c e  from t h e  r e l e a s e  
p o i n t  i n  4  Sou th  t o  t h e  sample  p o i n t  i n  3  
Sou th  was approx ima te ly  1 ,300 f t .  Thus, 
a  d i f f u s i o n  r a t e  of  l e s s  t h a n  1 f t / m i n  
was r e q u i r e d  t o  d e t e c t  SF6 i n  t h e  3 Sou th  
gob. S t i l l ,  no SF6 was found. 

I n i t i a l l y ,  i t  was though t  t h a t  t h e  i n -  
c r e a s e  i n  SF6 c o n c e n t r a t i o n  24 h  a f t e r  
r e l e a s e  i n t o  3 Sou th  was due t o  t h e  



mix ing  of  g a s  i n  3 S o u t h  and 4 South  
s e c t i o n s .  No r e a s o n a b l e  e x p l a n a t i o n  
c o u l d  be g i v e n  f o r  t h e  l a r g e  d i f f e r e n c e  
i n  c o n c e n t r a t i o n s  between t h e  two sec -  
t i o n s .  It seemed l o g i c a l  t h a t ,  i f  t h e  
s e c t i o n s  were r e a d i l y  i n t e r c o n n e c t e d ,  
e q u i l i b r i u m  would have  p r o v i d e d  a  common 
SF6 v a l u e  f o r  b o t h  l o c a t i o n s .  

The s e a l s  a s s o c i a t e d  w i t h  t h e  3 Sou th  
s e c t i o n  a l s o  appea red  t o  be w e l l  con- 
s t r u c t e d .  Dur ing  t e s t i n g ,  t h e i r  l e a k a g e  
v a l u e s  approx ima ted  what was e x p e c t e d  
f rom most  c o n c r e t e  b l o c k  s e a l s .  Although 
a p p r e c i a b l e  q u a n t i t i e s  of  SF6 e x i s t e d  
b e h i n d  t h e  s e a l s ,  o n l y  minu te  q u a n t i t i e s  
were sampled i n  t h e  r e t u r n .  

2 Sou th  

A s  i n  t h e  3 Sou th  gob,  SF6 r e l e a s e d  
i n t o  2 Sou th  gob a l s o  e x h i b i t e d  cha r -  
a c t e r i s t i c s  t h a t  canno t  be  r e a d i l y  
e x p l a i n e d  by g a s  d i f f u s i o n  laws.  The SF6 
c o n c e n t r a t i o n s  beh ind  t h e  s e a l  a p p e a r e d  
t o  s t a b i l i z e  n e a r  t h e  end o f  t h e  t e s t .  
T h i s  e q u i l i b r a t i o n  o c c u r r e d  much f a s t e r  
i n  2 Sou th  t h a n  i n  o t h e r  s e c t i o n s .  The 

i n f e r e n c e  h e r e  was t h a t  t h e  u n o b s t r u c t e d  
volume beh ind  2 South  appea red  t o  be  l e s s  
t h a n  t h e  volume behind 3 Sou th  s e a l s .  
Looking a t  t h e  mine map, t h i s  t h e o r y  
might  be  v a l i d  i f  a l l  s t o p p i n g s  shown i n  
2 Sou th  were  s t i l l  i n  p l a c e .  

No SF6 was d e t e c t e d  i n  t h e  2 Sou th  gob  
p r i o r  t o  g a s  r e l e a s e  i n  t h a t  s e c t i o n .  
S i n c e  t h e  f i r s t  r e l e a s e  of SF6 was 48 h  
e a r l i e r ,  i t  was e v i d e n t  t h a t  no r e a d i l y  
a c c e s s i b l e  passageway e x i s t e d  between t h e  
4 Sou th  and 2 Sou th  s e c t i o n s .  The ave r -  
a g e  a i r  v e l o c i t y  r e q u i r e d  f o r  t r a n s m i s -  
s i o n  of  SF6 from 4 South  t o  2 Sou th  wi th-  
i n  48 h  would have  been s l i g h t l y  more 
t h a n  1  f t / m i n .  

S e c t i o n  2 South  was a p p a r e n t l y  n o t  a s  
w e l l  s e a l e d  a s  t h e  o t h e r  two s e c t i o n s ,  a s  
p roven  by t h e  h i g h e r  a v e r a g e  a i r  l e a k a g e  
th rough  t h e  s e a l s .  A t  s e v e r a l  p l a c e s  
a c r o s s  t h e  s e a l  f a c e ,  s m a l l  a r e a s  of  h i g h  
( g r e a t e r  t h a n  10 p c t )  methane concen- 
t r a t i o n s  were d e t e c t e d .  These d a t a  b o r e  
o u t  s u p p o s i t i o n s  based  on p r i o r  v i s u a l  
i n s p e c t i o n .  Recoa t ing  t h e s e  s e a l s  w i t h  a  
s e a l a n t  would p robab ly  have e l i m i n a t e d  
t h e  a d d i t i o n a l  l eakage .  

SUMMARY 

Two o p t i o n s ,  v e n t i l a t i n g  o r  s e a l i n g ,  
a r e  a v a i l a b l e  t o  mines  hav ing  abandoned 
a r e a s .  I f  t h e  gob i s  t o  be  v e n t i l a t e d  
a f t e r  abandonment,  t h e r e  shou ld  be sev- 
e r a l  b l e e d e r  e n t r i e s  a round t h e  gob,  a s  
w e l l  a s  a  p r e s s u r e  d i f f e r e n t i a l  a c r o s s  
t h e  gob,  t o  e n s u r e  a d e q u a t e  a i r  movement. 
To f u r t h e r  enhance  gob v e n t i l a t i o n ,  a t  
l e a s t  one  b o r e h o l e  s h o u l d  be d r i v e n  i n t o  
t h e  s e c t i o n  b e f o r e  o r  a f t e r  mining.  

Gobs t h a t  l i b e r a t e  e x c e s s i v e  q u a n t i t i e s  
of  methane ,  o r  a r e  p rone  t o  spon taneous  
combust ion ,  a r e  u s u a l l y  s e a l e d  (2).  
S e a l s  must be  c o n s t r u c t e d  o f  s u b s t a n t i a l ,  
i n c o m b u s t i b l e  m a t e r i a l  and must  be 
a b l e  t o  a r r e s t  a n  e x p l o s i o n .  A sec-  
t i o n  t h a t  i s  t o  be s e a l e d  a f t e r  min- 
i n g  shou ld  have a  minimum number of  
e n t r i e s ,  c o n s i s t e n t  w i t h  good h e a l t h  
and s a f e t y  p r a c t i c e s .  S e a l s  a r e  n o t  
100 p c t  e f f i c i e n t ;  t h e r e f o r e ,  minimiz- 
i n g  t h e i r  number r educes  t h e  poten- 
t i a l  f o r  gob l eakage .  Boreho les  a l s o  

enhance  t h e  performance  of  s e a l e d  gobs .  
These a r e  developed v e r t i c a l l y  from 
t h e  s u r f a c e ,  o r  h o r i z o n t a l l y  th rough  a  
s e a l  t o  t h e  r e t u r n .  

Each mine examined was f a c e d  w i t h  a  
d i f f e r e n t  s i t u a t i o n  t h a t  r e q u i r e d  spe- 
c i f i c  i n f o r m a t i o n  t o  d e t e r m i n e  gob per-  
formance. A l l  of  t h e  r e s e a r c h  was per-  
formed u s i n g  s u l f u r  h e x a f l u o r i d e  (SF6)  
g a s  a s  t h e  pr imary  a i r  t r a c e r .  Mine A 
v e n t i l a t e d  i t s  gobs ;  r e s e a r c h  de te rmined  
b o t h  t h e  a v e r a g e  gob a i r  v e l o c i t y  and t h e  
l o c a t i o n s  around t h e  gob t h a t  were more 
tho rough ly  v e n t i l a t e d .  Mine B s e a l e d  i t s  
g o b s ,  b u t  was r e c e i v i n g  c o n f l i c t i n g  g a s  
sampl ing  r e s u l t s  from two s e a l s  i s o l a t i n g  
t h e  same gob;  r e s e a r c h  found a  r e s t r i c -  
t i o n  beh ind  one s e a l  t h a t  a l t e r e d  sampled 
g a s  c o n c e n t r a t i o n s .  Mine C h a s  a  l a r g e  
gob,  c o n t a i n i n g  t h r e e  s e c t i o n s  w i t h  a  
t o t a l  of  18 s e a l s .  T h i s  gob was e x p e r i -  
e n c i n g  d i f f e r e n t  methane c o n c e n t r a t i o n s  
i n  e a c h  s e c t i o n ;  r e s u l t s  showed t h a t  t h e  



individual sections were not inter- the seals in each section were also 
connected. Average leak rates through determined. 
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