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SULFUR HEXAFLUORIDE AS A MINE VENTILATION RESEARCH 
TOOL-RECENT FIELD APPLICATIONS 

By Robert J. T imko  and Edward 3. Thimons 

ABSTRACT 

S u l f u r  h e x a f l u o r i d e  (SF6) i s  a n  o d o r l e s s ,  c o l o r l e s s ,  n o n t o x i c  g a s  t h a t  
h a s  found accep tance  as a t r a c e r  g a s  i n  r e s e a r c h  on v e n t i l a t i o n  pa t -  
t e r n s ,  measurement of a i r  l e a k  r a t e s ,  r e s p i r a b l e  d u s t  r e d u c t i o n s  due t o  
bagging hood m o d i f i c a t i o n s ,  and t h e  s t u d y  of a i r f l o w s  r e l a t i n g  t o  gob 
boreho les .  Following a  s h o r t  review of t h e  SF6 sampling t echn ique ,  t h i s  
r e p o r t  d e s c r i b e s  r e c e n t  Bureau of Mines p r o j e c t s  i n  which SF6 was used 
s u c c e s s f u l l y  as a t r a c e r  g a s ,  enab l ing  r e s e a r c h e r s  t o  a c q u i r e  repre -  
s e n t a t i v e  d a t a  q u i c k l y  and i n e x p e n s i v e l y .  

INTRODUCTION 

Analyzing mine a i r  v e n t i l a t i o n  p a t t e r n s  can be t e d i o u s ,  time-consuming 
work. Smoke tubes  can g i v e  only  rough approximat ions  of a i r f l o w  d i r e c -  
t i o n  and v e l o c i t y .  Anemometers a r e  capab le  of a c c u r a t e l y  measuring a i r  
v e l o c i t i e s ,  but  l a r g e - s c a l e  mine a i r f l o w s  can only  be d e r i v e d  through 
approximat ions .  On t h e  o t h e r  hand, w i t h  t r a c e r  g a s ,  not  only  can t h e  
a i r f l o w  p a t t e r n s  throughout  t h e  mine be determined,  but average a i r  
v e l o c i t i e s  can be a c c u r a t e l y  measured over  s u b s t a n t i a l  d i s t a n c e s .  

I p h y s i c a l  s c i e n t i s t ,  P i t t s b u r g h  Research Cen te r ,  Bureau o f  Mines, P i t t s b u r g h ,  Pa. 
* s u p e r v i s o r y  p h y s i c a l  s c i e n t i s t ,  P i t t s b u r g h  Research C e n t e r ,  Bureau o f  Mines, 

P i t t s b u r g h ,  Pa. 



BACKGROUND 

The Bureau of Mines has  been us ing  s u l -  
f u r  h e x a f l u o r i d e  (SF6) t r a c e r  g a s  i n  ven- 
t i l a t  i o n  measurement work f o r  s e v e r a l  
y e a r s .  SF6 is  c o l o r l e s s ,  o d o r l e s s ,  
chemica l ly  and the rmal ly  s t a b l e ,  and can  
e a s i l y  be d i spensed  i n  a i r  ( 1 ) . 3  I n  
t e s t i n g  by t h e  Bureau, SF6 was c o n t a i n e d  
i n  meta l ,  h igh-pressure  b o t t l e s  t h a t  ho ld  
approx imate ly  42.5 L (1-1/2 f t 3 )  of g a s .  
It is r e l e a s e d  s imply by opening a  v a l v e  
on t h e  b o t t l e  ( f i g .  1). The mass of SF6 
r e l e a s e d  is  e q u a l  t o  t h e  weight l o s s  of 
t h e  b o t t l e .  

The volume of g a s  r e l e a s e d  i s  d e t e r -  
mined by t h e  equa t ion :  

where V = volume of SF6 r e l e a s e d ,  

SF6 is  sampled by i n s e r t i n g  a  90% a i r  
evacua ted ,  10-1 ~ a c u t a i n e r 4  t e s t - t u b e  
i n t o  a  p l a s t i c  p lunger ,  s i m i l a r  t o  a  
d e v i c e  used t o  e x t r a c t  blood f o r  c l i n i c a l  
t e s t i n g .  I n s i d e  t h e  p lunger  i s  a  hypo- 
dermic n e e d l e ,  which punc tures  a rubber  
b l a d d e r  a t  one end of t h e  t e s t  tube.  A s  
t h e  b ladder  is  punctured ( f i g .  2 ) ,  ambi- 
e n t  a i r  e n t e r s  t h e  t e s t  tube  and t h e  Sam- 
p l e  is  complete. Withdrawing t h e  t e s t  
tube  from t h e  p lunger  r e s e a l s  t h e  rubber  
b l a d d e r ,  p reven t ing  t h e  sample from es -  
caping.  Samples a r e  t a k e n  a t  p r e d e t e r -  
mined i n t e r v a l s ,  and t h e  t e s t  tubes  can 
be marked w i t h  any i n f o r m a t i o n  p e r t i n e n t  
t o  t h e  sampling procedure.  Samples a r e  
brought back t o  t h e  l a b o r a t o r y ,  where 
0.1 m l  of t h e  sample is  withdrawn w i t h  a  
s y r i n g e  and i n j  e c t e d  i n t o  a  g a s  chromato- 
g r a p h  f o r  SF6 a n a l y s i s .  

n = moles of SF6 r e l e a s e d ,  Data r e d u c t i o n  is  done i n  two s e p a r a t e  
s t e p s .  F i r s t  , SF6 concent  r a t  i o n  is  

and R = volume p e r  mole (22.4 L ) .  p l o t t e d  w i t h  r e s p e c t  t o  t ime f o r  each 
sampling p o s i t i o n .  The maximum SF6 con- 

T h i s  is  a  s i m p l i f i e d  v e r s i o n  of t h e  f o r -  c e n t r a t i o n  and d i s p e r s i o n  r a t e  imme- 
mula used i n i t i a l l y  ( 4 ) :  PV = nRT. - d i a t e l y  become e v i d e n t .  Second, t h e  

t o t a l  q u a n t i t y  of t r a c e r  g a s  recovered  is  
S i n c e  n  = AM/M determined a s  ( 1 )  - 
where AM = weight l o s s  of b o t t l e ,  i n  

grams , 
and M = molecular  weight of SF6, 
e q u a t i o n  ( 1 )  becomes 

where QSF6 = SF6 volume recovered,  

Qa = Volumetr ic  a i r f l o w  r a t e ,  

and 
And s i n c e  

R = 22.4  m mole 

c  = I n s t a n t a n e o u s  SF6 concen- 
t r a t i o n  a t  t ime t. 

t h e  e q u a t i o n  i s  reduced t o  

Knowing V ,  t h e  volume of SF6 r e l e a s e d ,  
t h e  p e r c e n t  t r a c e r  g a s  recovered  can be 
c a l c u l a t e d :  

Determining t h e  volume of SF6 r e l e a s e d  where Q'SF6 = p e r c e n t  SF6 recovered.  
becomes impor tan t  when comparing t h e  
q u a n t i t y  r e l e a s e d  t o  t h a t  recovered.  

3~nderlined numbers in parentheses re- 4~eference to specific trade names is 
fer to items in the list of references at made for identification only and does not 
the end of this report. imply endorsement by the Bureau of Mines. 



FIGURE 1. - Releasing SF6 for vent i la t ion analysis.  



FIGURE 23 - Tak ing  samples of mine atmosphere to determine SF6 content. 



SF6 t r a c e r  g a s  i s  being i n c r e a s -  r e s e a r c h  us ing  SF6 t r a c e r  gas .  S e v e r a l  
ngly  accep ted  by t h e  mining i n d u s t r y  as v e n t i l a t i o n  r e s e a r c h  proj  e c t s  r e c e n t l y  

v i a b l e  mine v e n t i l a t i o n  a n a l y s i s  completed by t h e  Bureau i l l u s t r a t e  t h e  
t o o l .  S-Cubed ( fo rmer ly  Systems Sc ience  many d i v e r s i f i e d  a p p l i c a t i o n s  of SF6 t h a t  
and Sof tware )  of La J o l l a ,  C a l i f . ,  a r e  p o s s i b l e .  
now commercially performs v e n t i l a t i o n  

SF6 I N  VENTILATION RESEARCH 

Limes t o n e  Mine V e n t i l a t i o n  

SF6 was used t o  s t u d y  e x i s t i n g  v e n t i l a -  
t i o n  p a t t e r n s  ( f i g .  3A ) i n  a g a s s y  under- 
g round l imes t o n e  mine where v e n t i . l a t i o n  
i s  provided by a p o s i t i v e - p r e s s u r e  f a n  
blowing a i r  down a s h a f t  on t h e  w e s t e r n  
s i d e  of t h e  mine ( f i g .  3 ~ ) .  According t o  
t h e  mine v e n t i l a t i o n  p l a n ,  t h e  a i r  s p l i t s  
a t  t h e  600 l e v e l  w i t h  a i r  heading e a s t -  
ward and westward a t  t h e  600 l e v e l  and 
v e r t i c a l l y  t o  t h e  960 l e v e l ,  t h e  on ly  
a c t i v e  working l e v e l  i n  t h e  mine. Air 
moving westward a t  t h e  600 l e v e l  t r a v e l s  
v e r t i c a l l y  downward through t h e  s t o p e s .  
The a i r  v e n t i l a t i n g  t h e  600 e a s t  l e v e l  
f l o w s  through a b o o s t e r  f a n ,  v e r t i c a l l y  
down th rough  t h e  o l d  e a s t  s i d e  workings 
t o  t h e  960 e a s t  l e v e l ,  t h e n  westward t o  
t h e  main s h a f t .  The v e n t i l a t i o n  a i r  
r e a c h i n g  t h e  960 west  l e v e l  is boosted t o  

s e v e r a l  openings  from t h e  960 l e v e l  t o  
t h e  600 l e v e l  were found and s e a l e d .  

I n  two l a t e r  t e s t s  ( T e s t  Group 2 ) ,  ven- 
t i l a t i o n  p a t t e r n s  were examined i n  more 
d e t a i l .  SF6 was a g a i n  r e l e a s e d  a t  t h e  
960 main d r i f t  west  advancing f a c e  f o r  
t h e  f i r s t  t e s t  and a t  t h e  c l o s e s t  working 
s t o p e  f o r  t h e  second. Sampling p o i n t s  
were on t h e  600 l e v e l  a s  w e l l  as on t h e  
960 l e v e l .  

R e s u l t s  showed t h a t  no SF6 was found on 
t h e  600 l e v e l  west  of t h e  conveyor b e l t .  
However, SF6 was being c a r r i e d  up t h e  
bel tway,  meaning t h a t  exhaus t  a i r  w a s  
r e c i r c u l a t i n g  up t h e  conveyor and i n t o  
t h e  600 l e v e l .  To a l l e v i a t e  t h i s  r e c i r -  
c u l a t i o n  problem, a i r f l o w  changes around 
t h e  beltway were needed. 

t h e  f a c e  w i t h  a n  a u x i l i a r y  f a n ,  t h e n  Coal Mine Face V e n t i l a t i o n  
exhaus ted  eas tward  through t h e  960 main 
d r i f t  t o  t h e  main s h a f t .  

I n  t h e  i n i t i a l  t e s t  s e r i e s  ( T e s t  Group 
I ) ,  SF6 was r e l e a s e d  a t  t h e  960 west  ad- 
vancing f a c e  f o r  t h e  f i r s t  test and t h e  
c l o s e s t  a c t i v e  s t o p e  f o r  t h e  second. A s  
a check,  o i l  of w i n t e r g r e e n  was r e l e a s e d  
w i t h  t h e  SF6. I f  v e n t i l a t i o n  p a t t e r n s  
were a s  p r e d i c t e d ,  a l l  odor  a s s o c i a t e d  
w i t h  t h e  o i l  of w i n t e r g r e e n  would exhaus t  
th rough  t h e  960 west  main d r i f t  t o  t h e  
main s h a f t .  However, miners  t o l d  of 
s m e l l i n g  t h e  odor throughout  t h e  day on 
t h e  600 l e v e l .  

F u r t h e r  ev idence  t h a t  t h e  v e n t i l a t i o n  
p a t t e r n s  were no t  a s  p r e d i c t e d  was t h e  
small amount of SF6 recovered  a t  t h r e e  
sampling p o s i t i o n s  on t h e  960 l e v e l .  The 
amount of SF6 r e l e a s e d  was known. When 
t h e  r e s u l t s  from each  p o s i t i o n  were 
g raphed ,  t h e  t o t a l  amount recovered  
was l e s s  t h a n  20% of t h e  SF6 j e l e a s e d .  
These i r r e g u l a r i t i e s  were r e p o r t e d  t o  
mine personnel .  They r e p l i e d  t h a t  

Adequate f a c e  v e n t i l a t i o n  t o  remove 
hazardous  d u s t  and g a s e s  is impor tan t  i n  
mining. A s imple  method was needed t o  
measure f a c e  v e n t i l a t i o n  wi thou t  exposing 
mine p e r s o n n e l  t o  more hazardous  t y p e s  of 
t r a c e r  g a s e s .  The Bureau of Mines devel-  
oped a n  e a s y ,  r a p i d  SF6 techn ique  f o r  
making f a c e  measurements. With t h i s  
method, c a l l e d  t h e  f a c e  v e n t i l a t i o n  
measurement method (FVM) (8), a s m a l l  
q u a n t i t y  of  SF^ i s  r e l e a s e d  a t  t h e  
s t a r t  of t h e  mining c y c l e  j u s t  behind t h e  
con t inuous  miner drum on t h e  oper- 
a t o r  s i d e ,  o p p o s i t e  t h e  l i n e  c u r t a i n .  
SF6 samples a r e  t h e n  t a k e n  a t  s p e c i f i c  
t ime i n t e r v a l s  from behind t h e  l i n e  cur-  
t a i n  i n  t h e  r e t u r n .  A f t e r  d a t a  reduc- 
t i o n  i n  t h e  l a b o r a t o r y ,  two g r a p h s  
a r e  g e n e r a t e d :  (1 )  d e p l e t i o n  of SF6 
w i t h  r e s p e c t  t o  t ime ,  and from t h i s  
(2 )  a cumulat ive  pe rcen tage  of SF6 
d e p l e t e d  w i t h  r e s p e c t  t o  t i m e .  The b a s i c  
premise of t h i s  t echn ique  i s  t h a t  t h e  
f a s t e r  t h e  d e p l e t i o n ,  t h e  b e t t e r  t h e  
v e n t i l a t i o n .  
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FIGURE 3. - Limestone mine. A, plan view; B, venti lat ion plan and SF6 experiments. 



Using t h e  F V M  method i t  i s  g r a p h i c a l l y  
hown t h a t  keeping cur ta in- to-f  a c e  d i s -  
ances  w i t h i n  10 f t  i s  e s s e n t i a l  t o  good 

f a c e  v e n t i l a t i o n  ( f i g .  4 ) .  Th i s  s u p p o r t s  
t h e  Mine S a f e t y  and Hea l th  A d m i n i s t r a t i o n  
(MSIW) requirement  t h a t  t h e  inby s i d e  of 
t h e  l i n e  c u r t a i n  be w i t h i n  10 f t  of t h e  
working f a c e  ( 7 ) .  - 

I n  a n o t h e r  p r o j e c t  t h e  F V M  method was 
used  t o  demonstra te  t h e  e f f e c t i v e n e s s  of 
equ ipp ing  a  cont inuous  miner w i t h  a  s p r a y  
f a n  v e n t i l a t i o n  sys tem,  c o n s i s t i n g  of a  
s e r i e s  of wa te r  s p r a y s  s t r a t e g i c a l l y  
l o c a t e d  s o  a s  t o  sweep mine v e n t i l a t i o n  
a i r  over  t h e  e n t i r e  f a c e  and d i r e c t  i t  t o  
t h e  r e t u r n .  

The F V M  method was a l s o  used t o  eva lu -  
a t e  t h e  e f f i c i e n c y  of a  dua l - sc rubber  
sys tem on a  cont inuous  miner and compare 
i t s  e f f e c t i v e n e s s  w i t h  t h a t  of conven- 
t i o n a l  v e n t i l a t i o n .  SF6 t e s t i n g  enab led  
a  qu ick  d e t e r m i n a t i o n  of op t imal  c u r t a i n -  
t o - f a c e  d i s t a n c e s  and f a c e  v e n t i l a t i o n  
v e l o c i t i e s  f o r  machines equipped w i t h  t h e  
d u a l  s c r u b b e r  c o n f i g u r a t i o n .  

J e t  Fan E f f e c t i v e n e s s  

Underground mines c i r c u l a t e  l a r g e  quan- 
t i t i e s  of v e n t i l a t i o n  a i r  t o  d i l u t e  and 

remove hazardous  gases .  For c e r t a i n  
a r e a s ,  such a s  dead head ings ,  where d i s -  
t r i b u t i o n  of f r e s h  a i r  i s  inadequa te ,  t h e  
Bureau examined t h e  u s e  of a u x i l i a r y  ven- 
t i l a t i o n  provided by p l a c i n g  d i f f e r e n t  
f a n s  i n  a i rways  o r  work a r e a s ,  wi thou t  
bulkheads o r  t u b i n g  on t h e  f a n s .  Th i s  
t y p e  of v e n t i l a t i o n  i s  c a l l e d  impulse  o r  
j e t  v e n t i l a t i o n  ( 3 ) .  - 

SF6 was used t o  e v a l u a t e  t h e  e f f e c t i v e -  
n e s s  of v a r i o u s  j e t  f a n s  and t h e i r  pos i -  
t i o n s  i n  dead headings.  P o s i t i o n  L2 
( f i g .  5) was s e l e c t e d  because  Krause (2 )  
s u g g e s t s  t h a t  b e t t e r  v e n t i l a t i o n  can T e  
expected i f  a  jet expands i n  f r e s h  a i r .  
However, underground exper iments  w i t h  SF6 
and smoke t u b e s  proved p o s i t i o n  L2 t o  be 
g r e a t l y  i n f e r i o r  t o  p o s i t i o n  L1. 

The s u p e r i o r i t y  of SF6 over  smoke t u b e s  
became obvious  when a t t e m p t i n g  t o  examine 
t h e  e f f e c t i v e n e s s  of t h e  j e t  f a n  i n  dead 
headings .  It was found t h a t  a i r  from a  
jet f a n  can purge beyond t h e  p e n e t r a t i o n  
d i s t a n c e  measured w i t h  a  smoke tube.  I n  
f a c t ,  e f f e c t i v e  v e n t i l a t i o n  occur red  a t  
twice  t h e  d i s t a n c e  t h a t  t h e  j e t  was de- 
t e c t e d  w i t h  smoke tubes .  

2 3 
TIME, min 

FIGURE 4.  - Ventilation effects of various curtain distances from the face. 
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SF6 is  used t o  measure a i r  leakage 
through and around permanent conc re t e  
block s toppings  i n  c o a l  mines. Two d i f -  
f e r e n t  methods a r e  used, depending upon 
t h e  l o c a t i o n  of t h e  s topping wi th  r e s p e c t  
t o  t h e  v e n t i l a t i o n  f ans ,  

For t h e  SF6 technique t o  work, a pres-  
s u r e  d i f f e r e n t i a l  is  c r e a t e d  ac ros s  t h e  
s topping.  For s toppings  wi th  less than  
1-in-wg p re s su re  d i f f e r e n t i a l ,  (1) a  par- 
achute  is  anchored by f a s t en ing  i t s  l i n e s  
t o  roof b o l t s  on t h e  i n t a k e  s i d e  of t h e  
s topping ,  and (2)  a  f a n  f o r c e s  a i r  behind 
t h e  parachute ,  i n f l a t e s  i t  a g a i n s t  t h e  
f l o o r ,  roof ,  and r i b s  of t h e  c r o s s c u t  and 
c r e a t e s  a p o s i t i v e  p re s su re  on t h e  s top-  
ping ( f i g .  6) .  The p re s su re  d i f f e r e n t i a l  
f o r c e s  a i r  through any imperfec t ions  i n  
t h e  s topping and d e p l e t e s  t h e  SF6 i n  t h e  
known volume. 

When p re s su re  d i f f e r e n t i a l s  of g r e a t e r  
t han  1 i n  wg e x i s t  a c ros s  t h e  s topping ,  
t h e  parachute  and f a n  a r e  not needed. 
The n a t u r a l  d r iv ing  f o r c e  of t h e  ven t i -  
l a t i o n  a i r  is  g r e a t  enough t o  send 
a i r  through any imperfec t ions  i n  t h e  
s topping , 

A q u a n t i t y  of SF6 t r a c e r  gas  is re- 
l ea sed  i n t o  a known volume on t h e  r e t u r n ,  
o r  low-pressure, s i d e  of t h e  s topping.  

EXAMINING AIR LEAKAGE THROUGH STOPPINGS 

Parachute Test 
stopping stopping Curtain 

FIGURE 6. - Stopping air leakage test setup. 



The volume is  predetermined by hang- 
i n g  b r a t t i c e  c u r t a i n  completely a c r o s s  
t h e  c r o s s c u t ,  some d i s t a n c e  from t h e  
s topp ing ,  and mul t ip ly ing  t h i s  d i s -  
t ance  by t h e  width and he igh t  of t h e  
c ros scu t .  

One end of a rubber  sampling tube  is 
draped over  t h e  b r a t t i c e  i n t o  t h e  volume, 
w i th  t h e  o t h e r  end connected t o  a person- 
a l  sampling pump. At predetermined in-  
t e r v a l s ,  t he  pump is removed from t h e  
sampling l i n e  and an SF6 sample is taken. 
When reducing t h e  d a t a ,  an SF6 d e p l e t i o n  

1,000 n ' 
I I I 

DETERMINING STOPPING - 
LEAK RATES 

Q= Air leak rate (cfm) 
C,=SF~ conc (ppb) at timeT 
&=SF6 conc (ppb) at timeT2 

- s 100 
n 
CA 
0- = 137 cfm 

TIME, min 

FIGURE 7. - Calculating stopping leak rates. 

curve is drawn and s topping l eak  r a t e s  
obtained ( f i g .  7). The leak  r a t e  is  
g iven  by 

where Q = air  l eak  r a t e  (CFM) 

C1 = SF6 concent ra t ion  (PPB) a t  
t i m e  T1 

C2 = SF6 concen t r a t i on  (PPB) a t  
time T2 

V = stopping t o  b r a t t i c e  c u r t a i n  
volume ( f t 3 ) .  

I n  both ca se s ,  low a i r  l e ak  r a t e s  on 
var ious  types  of s toppings  could be mea- 
sured. SF6 a n a l y s i s  provided an  a c c u r a t e  
and r epea t ab l e  means of determining l eak  

FIGURE 8. - Bagging hood enclosure. 



r a t e s  through and around permanent con- 
c r e t e  block s toppings .  

Bagging-Machine Hood Enclosure  

Machines t h a t  bag sand,  f l o u r ,  and 
o t h e r  g r a n u l a r  bulk products  g e n e r a t e  
cons ide rab l e  q u a n t i t i e s  of dus t .  A 
hooded enc lo su re ,  developed by t h e  Bu- 
r eau ,  reduces  t h e  amount of dus t  escaping 
from t h e  bagger ( f i g .  8 )  (6). SF6 t r a c e r  
g a s  was used t o  q u a n t i t a t i v e l y  determine 
how e f f e c t i v e  t h i s  method of dus t  reduc- 
t i o n  i s  at  t h r e e  f a c i l i t i e s  where hoods 
had been i n s t a l l e d  (9) .  For t h i s  purpose 
SF6 was r e l e a s e d  wiFhin a hood during 
bagging and nonbagging cyc les .  Samples 
were taken  p e r i o d i c a l l y  at va r ious  p o i n t s  
around t h e  o u t s i d e  of t h e  hoods. I f  t h e  
enc lo su re s  opera ted  a s  designed,  no SF6 
would be de t ec t ed  i n  t h e  samples. 

A t  t h e  f i r s t  f a c i l i t y  t h e  bagging hoods 
were enc losed  i n  a plywood room, v e n t i -  
l a t e d  through a network of g r i l l s  i n  t h e  
roof .  SF6 was d e t e c t e d  a t  va r ious  p o i n t s  
around t h e  hood during bagging and non- 
bagging cyc les .  Upon reviewing t h e  d a t a ,  
i t  became apparent  t h a t  SF6 r e l e a s e  i n t o  
t h e  room was due t o  improper v e n t i l a t i o n .  
A i r  j e t s ,  used f o r  makeup a i r ,  were d i -  
r e c t e d  a t  t h e  hoods, causing t u r b u l e n t  
a i r  and permi t t ing  ga s  t o  escape,  

A t  t h e  second f a c i l i t y ,  t h e  hooded bag- 
g e r s  were a g a i n  l o c a t e d  i n  a room wi th  
exhaus t  and makeup v e n t i l a t i o n  systems. 
However, only a small amount of SF6 was 
d e t e c t e d  h e r e ,  probably because of a l ack  
of a i r  j e t s  f o r c ing  a i r  from t h e  hoods. 
Any SF6 de t ec t ed  escaped through ho l e s  
i n  t h e  hood provided f o r  t h e  bagger 
nozz les .  

A t  t he  t h i r d  f a c i l i t y ,  t he  bagging 
hoods were not enc losed  i n  a room. An 
exhaus t  v e n t i l a t i o n  system was used t o  
remove a i r  from t h e  bagging hoods. No 
SF6 was de t ec t ed  a t  any sampling po in t .  
Smoke-tube t e s t s  v i s u a l l y  confirmed t h e s e  
r e s u l t s .  

At a l l  t h r e e  f a c i l i t i e s  SF6 t e s t s  on 
bagging hood enc lo su re s  enabled r e sea rch  
personne l  t o  determine t h e  e f f e c t i v e n e s s  

of t h e  enc losures .  A f t e r  ana lyz ing  t he  
r e s u l t s ,  recommendations t o  vary a i r f l ows  
o r  modify t h e  appa ra tu s  could be made. 

Coal Mine Boreholes 

SF6 was used i n  t h r e e  borehole  expe r i -  
ments a t  two d i f f e r e n t  c o a l  mines t o  
determine t h e  t i g h t n e s s  of t h e  gob and i f  
v e n t i l a t i o n  a i r  was d i l u t i n g  methane l i b -  
e r a t e d  i n  t h e  gob. I n  each case ,  a long- 
wa l l  pane l  had advanced beyond t h e  gob 
borehole  l oca t i on .  I f  a gob was t i g h t l y  
caved, SF6 would be d e t e c t e d  i n  t h e  re- 
t u r n  a i r  but not  a t  t h e  gob borehole.  I n  
essence ,  t h e  v e n t i l a t i o n  a i r  would sweep 
t h e  gob but not  p e n e t r a t e  i t  t o  any ex- 
t e n t .  Conversely,  i f  t h e  gob was l oose ly  
caved SF6 would be d e t e c t e d  not  on ly  i n  
t h e  r e t u r n s  underground but a l s o  on t h e  
s u r f a c e  a t  t h e  gob boreholes .  

A t  t h e  f i r s t  mine, SF6 was i n j e c t e d  
i n t o  an  exhaust ing mine e n t r y  borehole 
( R ) ,  where a nega t ive  p r e s su re  f a n  pu l l ed  
a i r  from the  mine ( f i g .  9) .  The f a n  was 
s topped ,  t he  borehole  was capped, and an 
SF6 b o t t l e  was connected t o  a tapped f i t -  
t i n g  on t h e  mine s i d e  of t he  s h u t o f f  
valve.  Approximately 42.5 L (1-1/2 f t 3 )  
of SF6 was then  r e l e a s e d  i n t o  t h e  e n t r y  
borehole.  Sampling was begun a t  a gob 
borehole  approximately 1 km (0-62 mi) 
from t h e  r e l e a s e  po in t  and underground i n  
t h e  r e t u r n  nea r ly  1.65 km (1 mi) away. 
Sampling a t  t h e  s u r f a c e  l a s t e d  f o r  6 h r ;  
underground f o r  5 h r .  No SF6 was ever  
de t ec t ed  on t h e  s u r f a c e  a t  t h e  gob bore- 
hole .  SF6 concen t r a t i on  i n  t h e  r e t u r n  
peaked l e s s  than  3-1/2 h r  a f t e r  t r a c e r  
g a s  r e l ea se .  Unfor tuna te ly  , sampling 
underground d i d  not  l a s t  long enough t o  
determine t h e  t o t a l  amount of g a s  pass ing  
t h e  sampling po in t .  

A second c o a l  mine reques ted  a n  SF6 
t r a c e r  g a s  s tudy  f o r  a borehole  ( f i g .  10) 
r e c e n t l y  d r i l l e d  above a longwall  gob. 
The seam depth was approximately 275 m 
(900 f t ) .  At about 180 m (600 f t )  a vo id  
was encountered and d r i l l i n g  stopped. 
Methane began exhaust ing from t h e  bore- 
ho le  and p re s su re  i nc r ea sed ,  i n d i c a t i n g  
some type  of outgassing.  It was not 
known a t  t h i s  time i f  t h e  void extended 
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FIGURE 9. - First borehole examination. 

FIGURE 10. - Second borehole examination. 



i n t o  t h e  gob. A t  f i r s t  r e s e a r c h e r s  
wanted t o  r e l e a s e  SF6 underground and 
sample a t  s e v e r a l  l o c a t i o n s  underground 
and on t h e  s u r f  a c e  a t  t h e  boreho le ,  but 
because  t h e  g a s  could  n o t  be r e l e a s e d  
n e a r  t h e  boreho le  underground, SF6 was 
a g a i n  r e l e a s e d  on t h e  s u r f  a c e  and f o r c e d  
down t h e  borehole .  

P r i o r  t o  capping t h e  boreho le ,  a 1 8 0 3  
(600-f t )  l e n g t h  of 6.4- (114-in) p l a s -  
t i c  tub ing  was extended down t h e  h o l e  t o  
sample t h e  vo id  from t h e  s u r f a c e .  A 
p e r s o n a l  sampling pump o p e r a t i n g  a t  a 
f l o w r a t e  of 2 ~ / m i n  was used  t o  p u l l  a i r  
f rom t h e  v o i d  through t h e  tub ing .  

Next, 69.4 L (2.45 f t 3 )  of  SF^ was re- 
l e a s e d  through a t a p  i n t o  t h e  borehole .  
T h i s  was fo l lowed  by more t h a n  11,300 L 
(400 f t 3 )  of n i t r o g e n ,  f o r c i n g  t h e   SF^ 
down t h e  borehole .  Ac tua l  sampling was 
begun j u s t  b e f o r e  r e l e a s e  of SF6, s o  t h a t  
a good b a s e l i n e  could  be ob ta ined .  

Sampling l a s t e d  24 h r  a t  t h e  s u r f a c e ,  
72 h r  underground. 

SF6 was d e t e c t e d  only  i n  t h e  vo id  a t  
t h e  bottom of t h e  borehole .  No t r a c e r  
g a s  was e v e r  d e t e c t e d  underground. A f t e r  
sampling f o r  3 days  and f i n d i n g  no SF6, 
i t  was a p p a r e n t  t h a t  t h e  boreho le  was no t  
connected t o  t h e  mine. A complete hydro- 
carbon a n a l y s i s  a t  t h e  boreho le  showed 
more t h a n  95% methane being emi t t ed .  
A d d i t i o n a l l y ,  boreho le  p r e s s u r e  cont inu-  
a l l y  i n c r e a s e d  t o  27.3 cm (10.75 i n )  wg 
a f t e r  only  24 h r .  

The vo id  s i z e  was e s t i m a t e d  by d e t e r -  
mining t h e  volume of SF6 r e l e a s e d  i n t o  
t h e  boreho le  and assuming t h a t  t h i s  vol-  
ume c o n t a i n e d  a 100% c o n c e n t r a t i o n  of 
SF6. The average  SF6 c o n c e n t r a t i o n  f o r  
t h e  24-hr p e r i o d  a p p e a r s  t o  be n e a r  1.5%. 
The volume of t h e  vo id  can be c a l c u l a t e d  
approximately:  

Mass of SF6 r e l e a s e d  = 452.6 g molecular  weight  of SF6 = 146.1 g lmole  

Moles of SF6 r e l e a s e d  = 452*6g = 3 . 1 0 m o l e s  
146.1 g lmole  

3.10 moles x 22.4 Llmole = 69.44 L = volume of SF6 r e l e a s e d  

Approximate SF6 c o n c e n t r a t i o n  f o r  sampling p e r i o d  = 1.5% 

Approximate vo id  volume = x 100 = 4,629.33 L (163.47 f t 3 )  
1.5 

I n  tests on a n o t h e r  boreho le  ( f i g .  l l ) ,  
SF6 was r e l e a s e d  underground n e a r  t h e  
longwal l  f a c e  but  no t  i n  t h e  f a c e  v e n t i -  
l a t i o n  a i r s t r e a m .  It was hoped t h a t  t h e  
SF6 would sweep t h e  gob a s  w e l l  a s  pene- 
t r a t e  t h e  gob, w i t h  SF6 being d e t e c t e d  on 
t h e  s u r f a c e  a t  t h e  boreho le  a s  w e l l  a s  i n  
t h e  r e t u r n s .  Sampling took p l a c e  a t  f i v e  
p o s i t i o n s  underground and one p o s i t i o n  on 
t h e  s u r f a c e  a t  t h e  borehole .  Each under- 
ground l o c a t i o n  was sampled f o r  17 h r  and 
t h e  s u r f a c e  f o r  24 hr .  

SF6 was r e l e a s e d  behind b r a t t i c e  cur-  
t a i n s  t h a t  s e p a r a t e d  main v e n t i l a t i o n  a i r  

from g o b  b l e e d e r  a i r .  The t o p  of t h e  
boreho le  was approximately  460 m 
(1,500 f t )  from t h e  r e l e a s e  p o i n t .  I n  
s l i g h t l y  more t h a n  2 h r  t h e  SF6 concen- 
t r a t i o n  peaked a t  t h e  borehole .  No SF6 
was d e t e c t e d  i n  t h e  immediate longwal l  
f a c e  r e t u r n ,  but  i t  was d e t e c t e d  a t  v a r i -  
ous times i n  d i f f e r e n t  b l e e d e r  e v a l u a t i o n  
p o i n t s ,  depending upon 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  a l l  c a s e s  SF6 proved t o  be an exce l -  
l e n t  t o o l  t o  measure underground v e n t i l a -  
t i o n .  The sampling tubes  can a l s o  be 
examined i n  a g a s  chromatograph f o r  t o t a l  
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FIGURE 11. - Third borehole examination. 

hydrocarbons.  This  w a s  done f o r  t h e  t h e  sampling p o i n t s  from t h e  SFs release 
t h i r d  boreho le  exper iment  and showed con- p o i n t  i n c r e a s e d .  D e t e c t i o n  of SF6 i n  t h e  
elusively t h a t  t h e  hydrocarbons i n  t h e  boreho le  showed t h a t  v e n t i l a t i o n  a i r  was 
r e t u r n  a i r  i n c r e a s e d  as t h e  d i s t a n c e  of e n t e r i n g  t h e  gob. 

OTHER SF6 WORK 

O i l  S h a l e  Mine 

S-Cubed of L a J o l l a ,  C a l i f . ,  performed 
s e v e r a l  SF6 exper iments  a t  a n  o i l  s h a l e  
mine i n  Colorado t h a t  u s e s  a modif ied i n -  
s i t u  method of burning t o  e x t r a c t  o i l  
from s h a l e .  The m a t e r i a l  is r u b b l i z e d  
and  dumped i n t o  l a r g e  underground vo ids  
t h a t  become r e t o r t s  when b u r n i s  i s  
begun. During burning,  t h e  r e t o r t  has  a 
n e g a t i v e  p r e s s u r e  imposed on i t  by ex- 
h a u s t  f a n s .  I f  a f a n  f a i l s ,  burning can 
c a u s e  t h e  r e t o r t  t o  become p o s i t i v e l y  
p r e s s u r i z e d  b e f o r e  one-way v e n t i l a t i o n  
v a l v e s  can p reven t  ou tgass ing  i n t o  t h e  
mine. A pr imary concern dur ing  ou t -  
g a s s i n g  is  t h e  amount of hydrogen s u l f i d e  
(H2S) r e l e a s e d  i n t o  t h e  mine workings. 
To q u a n t i t a t i v e l y  determine H2 S concen- 
t r a t i o n s  i n  t h e  mine, enough SF6 was 

r e l e a s e d  i n t o  t h e  underground r e t o r t s  t o  
produce a known c o n c e n t r a t i o n  a t  a known 
p r e s s u r e .  Samples were t a k e n  a t  v a r i o u s  
p o s i t i o n s  throughout  t h e  mine. The 
q u a n t i t y  of v e n t i l a t i o n  a i r  i n  t h e  mine 
was known. I f  SF6 was d e t e c t e d  i n  t h e  
mine, a l e a d  rate from t h e  r e t o r t ,  and 
t h u s  t h e  c o n c e n t r a t i o n  of SF6 i n  t h e  mine 
at t h a t  p a r t i c u l a r  sampling p o i n t ,  could  
be determined. 

Samples t a k e n  from o v e r  100 p o s i t i o n s  
throughout  t h e  mine showed t h a t  SF6 con- 
c e n t r a t i o n s ,  s i m u l a t i n g  H2S, were w e l l  
w i t h i n  MSHA requirements .  

Lead-Zinc-Silver Mine 

T r a c e r  g a s  tests were completed i n  
a l e a d - z i n c - s i l v e r  mine ( f i g .  12) t o  



Exhaust fan s h a f t .  None of t h e  i n t a k e  a i r  samples 
con t a ined  SF6; a t  t h e  f a n  SF6 was de- 
t e c t e d  f o r  approximately  20 minutes.  The 
d a t a  c l e a r l y  showed t h a t  no v e n t i l a t i o n  
a i r  i s  s h o r t - c i r c u i t i n g  between exhaus t  
and i n t a k e  s h a f t s .  

Coal Mine F i r e  

@ Release point 
@ Sample points 

Exhaust 
shaft 

FIGURE 12. - Lead-z inc-si lver mine ventilation 
schematic. 

de te rmine  i f  v e n t i l a t i o n  a i r  was s h o r t -  
c i r c u i t i n g  from t h e  exhaus t  back i n t o  i n -  
t a k e  a i r .  The i n t a k e  and exhaus t  a r e  two 
s e p a r a t e  s h a f t s  w i th  workings a t  va r i ous  
l e v e l s  between t h e  s h a f t s .  It was f e a r e d  
t h a t  a i r  was pass ing  through o l d  workings 
on upper  l e v e l s  and e n t e r i n g  t h e  i n t a k e  
s h a f t ,  r a t h e r  t han  exhaus t ing  t o  t h e  at- 
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l e ak ing  through t h e  gob s e a l s ,  i t  was 
su spec t ed  t h a t  some s e a l s  were n o t  air- 
t i g h t .  I n  an  a t t empt  t o  determine 
approximate  a i r f l o w  i n t o  t h e  gob and ven- 
t i l a t i o n  p a t t e r n s ,  SF6 was r e l e a s e d  
behind a  s e a l  cons idered  not  a i r t i g h t ,  

Intake 
A f i r e  occur red  i n  a  c o a l  mine gob,  re- 

q u i r i n g  t h a t  t h e  gob  be s ea l ed .  Although 
shaft i t  was no t  known whether a i r  was s t i l l  

and samples were t aken  a t  a  s e a l  on 
t h e  oppos i t e  s i d e  of t h e  gob. Both s e a l s  
had sampling probes ,  s o  t h a t  r e l e a s e  and 
sampling of SF6 i n  t h e  gob p r e sen t ed  
no problem. The d i s p e r s a l  time f o r  t h e  
SF6 was determined by tak ing  samples 
behind t h e  s e a l  a t  which t h e  SF6 was re-  
l eased .  I f  t h e r e  w a s  l i t t l e  o r  no leak-  
age ,  SF6 would d i s p e r s e  very s lowly.  
A d d i t i o n a l l y ,  che g a s  should  no t  
a r r i v e  a t  t h e  o t h e r  s e a l  f o r  s e v e r a l  
hours.  

I n  f a c t ,  SF6 concen t r a t i ons  a t  t h e  re-  
l e a s e  po in t  dropped r ap id ly .  Within  

mosphere. I f  t h i s  was t h e  ca se ,  t h e  45 min t h e  g a s  was d e t e c t e d  a t  t h e  second 
i n t e g r i t y  of t h e  i n t a k e  s h a f t  a s  a n  e s -  s e a l .  Th is  gave a  rough e s t i m a t e  of a i r -  
cape  r o u t e  would be l o s t .  f low p a t t e r n s  and q u a l i t a t i v e l y  showed 

t h a t  a i r  was l eak ing  through s e a l s ,  mak- 
SF6 was r e l e a s e d  about  one- th i rd  of t h e  ing i t  p o s s i b l e  f o r  management t o  t ake  

way up t h e  exhaus t  s h a f t .  Sampling took a p p r o p r i a t e  a c t i o n  t o  f u r t h e r  reduce o r  
p l a c e  a t  t h e  exhaus t  f a n  and about  e l i m i n a t e  leakage through t h e  s e a l s  t o  
two-thirds  of t he  way down t h e  i n t a k e  t h e  burning gob. 

SUMMARY 

The u se s  f o r  s u l f u r  hexa f luo r ide  (SF6) 
a s  a  t r a c e r  g a s  a r e  becoming more numer- 
ous  a s  r e s e a r c h e r s  more f u l l y  unders tand  
i t s  p o t e n t i a l .  This  c o l o r l e s s ,  o d o r l e s s ,  
non tox i c  g a s  is  e a s i l y  d i spensed  i n  a i r .  
Sampling i s  done by i n s e r t i n g  10-1, 90% 
evacua ted  Vacutainer  t e s t  tubes  i n t o  a  
p l a s t i c  p lunger  con ta in ing  a  hypodermic 
need le .  The need le  punc tures  a  rubber  
b l adde r  on one end of t h e  evacuated tube ,  

pe rmi t t i ng  an  ambient a i r  sample t o  e n t e r  
t h e  tube.  When t h e  need le  is withdrawn, 
t h e  b ladder  r e s e a l s  i t s e l f  and can  be 
r e tu rned  t o  t h e  l a b ,  where 0.1 m l  of t h e  
sample is withdrawn and i n j e c t e d  i n t o  a  
g a s  chromatograph. A f t e r  determining t h e  
amount of SF6 i n  t h e  sample, t h e  only 
o t h e r  t a s k  is  t o  reduce t h e  d a t a  t o  tabu- 
l a r  o r  g r a p h i c  form. 



The tremendous b e n e f i t  of SF6 i s  t h e  J o l l a ,  C a l i f . ,  has  s e e n  t h e  p o t e n t i a l  of 
a b i l i t y  t o  u s e  i t  i n  v e n t i l a t i o n  problems SF6 and i s  commercial ly performing v e n t i -  
t h a t  a r e  d i f f i c u l t  t o  accompl i sh  w i t h  l a t i o n  r e s e a r c h  u s i n g  SF6. The f u t u r e  
t y p i c a l  a i r f l o w  i n s t r u m e n t s .  The u s e s  w i l l  s e e  many more d i v e r s i f i e d  u s e s  f o r  
d e s c r i b e d  i n  t h i s  r e p o r t  a r e  on ly  samples  SF6 i n  s t u d y i n g  un ique  mine v e n t i l a t i o n  
of what can  be done. S-Cubed of La problems.  
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