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On page 10, the first equation in the left-hand column should read as follows: 

(Pbi + Pvi)(Vgi) - - (P)(Vi) 
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METHODOLOGY FOR DETERMINING OCCLUDED GAS CONTENTS 
IN DOMAL ROCK SALT 

By  Dav id  M. Hyrnan 

ABSTRACT 

The Bureau of Mines has  developed two e x p e r i m e n t a l  d e s i g n s  f o r  d e t e r -  
mining t h e  volumes and r e l a t i v e  p r o p o r t i o n s  of t h e  v a r i o u s  gas  s p e c i e s ,  
p a r t i c u l a r l y  methane (CH4), occluded i n  rock s a l t .  To d a t e ,  t h e  rock 
s a l t  samples analyzed have been r e l a t i v e l y  s m a l l  (400- t o  1,000-gram) 
g r a b  samples from Louis iana  Gulf Coast  domal s a l t  mines. The r e s u l t s  
o b t a i n e d  a r e  comparable t o  r e s u l t s  i n  P o l i s h  domal s a l t  mines,  i n  terms 
of occluded gas  volumes per  mass of rock s a l t .  The n o t a b l e  d i f f e r e n c e  
between t h e  Louis iana  and P o l i s h  occluded gas  m i x t u r e s  i s  i n  t h e  r e l a -  
t i v e  p r o p o r t i o n s  of t h e  i n d i v i d u a l  gas  s p e c i e s .  

The two methods used by t h e  Bureau a r e  b a l l m i l l  c r u s h i n g  and d i s s o l u -  
t i o n .  Of t h e  two, t h e  d i s s o l u t i o n  method a p p e a r s  t o  be more v e r s a t i l e  
because  i t  can be performed i n  s i t u .  The r e l e v a n c e  and a p p l i c a b i l i t y  of 
d a t a  on t h e  occluded g a s  c o n t e n t s  of rock s a l t  a r e  dependent on sample 
s i z e ,  sample c o l l e c t i o n  method, g e o l o g i c  c o n t e x t  of t h e  sample,  and t h e  
c o r r e l a t i o n  w i t h  gas  emiss ions  t h a t  occur  a s  a  r e s u l t  of mining-induced 
f r a c t u r e s  and p r e s s u r e  d i f f e r e n t i a l s .  

' ~ e o l o ~ i s t ,  P i t t s b u r g h  Research Cente r ,  Bureau of Mines, P i t t s b u r g h ,  Pa. 



INTRODUCTION 

The Bureau of Mines became i n t e r e s t e d  
i n  developing i n fo rma t ion  concerning t h e  
occur rence  and d i s t r i b u t i o n  of ga se s ,  
p a r t i c u l a r l y  methane (CH,), i n  t h e  v a r i -  
ous  s a l t  dome l i t h o l o g i e s ,  a s  a r e s u l t  of 
i n c r e a s e d  concern about  p o t e n t i a l l y  haz- 
a rdous  methane occur rences  i n  Louis iana 
Gulf Coast domal s a l t  mines. Bas i c  
i n fo rma t ion  concerning t h e  types  of 
g a s e s ,  t h e i r  r e l a t i v e  abundances,  and t h e  
c i rcumstances  r e l a t i n g  t o  t h e i r  occur- 
r ence s  and d i s t r i b u t i o n  i n  North American 
domal s a l t  mines i s  g e n e r a l l y  l a ck ing  i n  
t h e  l i t e r a t u r e .  A n o t a b l e  excep t ion  is  a 
s t u d y  (?I2 t h a t  was performed on gases  
con ta ined  i n  gas-enriched s a l t  from a 
s a l t  dome i n  c e n t r a l  Louis iana.  Methane 
and o t h e r  gases  have been r epo r t ed  
t o  occur  i n  t h e  domal s a l t  mines of 
Poland ( 3 ) .  Var ious  ga se s ,  such a s  
hydrogen, methane, n i t r o g e n ,  and hydrogen 
s u l f i d e  have been found i n  t h e  domal 
s a l t  fo rmat ions  and bedded e v a p o r i t e  
d e p o s i t s  of Louis iana ,  New Mexico, and 
Poland ( 1 ,  3, 5 ,  7 ) .  - - - -  

Given t h e  r e l a t i v e l y  impermeable n a t u r e  
of s a l t ,  t h e  occluded ga se s  g e n e r a l l y  
a r e  not  r e l e a s e d  from t h e i r  contain-  
ment u n l e s s  mining a c t i v i t i e s  i n t e r c e p t  
( 1 )  a g a s - f i l l e d  f i s s u r e  zone, an a r e a  
where t h e  vo ids  between t h e  s a l t  c r y s t a l s  
a r e  i n t e r connec t ed ,  ( 2 )  a mechanical ly  
u n s t a b l e  zone of gas-enriched s a l t  
t h a t  d i s agg rega t e s ,  r e l e a s i n g  i t s  en- 
t r a i n e d  gases  ( a  blowout),  o r  ( 3 )  some 
o t h e r  r e l a t i v e l y  permeable geo log i c  
anomaly (1, 7 ) .  A siiliple i l l u s t r a t i o n  of 
t h e  n a t u r e  o i  gas  occ lu s ion  i n  rock s a l t  
i s  s een  when a p i ece  of gas-enriched rock 
s a l t  i s  immersed i n  water .  The rock s a l t  
w i l l  "pop" s p o r a d i c a l l y ,  r e l e a s i n g  gas 
bubbles  a s  i t  d i s s o l v e s .  This  s imple  
demons t ra t ion  i s  t h e  founda t ion  f o r  one 
method of determining t h e  gas  con ten t  of 
a rock s a l t  sample. The sometimes r a t h e r  
e n e r g e t i c  "pops" a s  gases  a r e  r e l e a sed  
from a gas-enriched rock s a l t  sample 
a t t e s t  t o  t h e  high p r e s s u r e s  under 

'under l ined numbers i n  pa r en the se s  re-  
f e r  t o  i tems i n  t h e  l i s t  of r e f e r e n c e s  a t  
t h e  end of t h i s  r e p o r t .  

which t h e  gases  can be occluded. The 
p r e s s u r e s  p o s t u l a t e d  f o r  t h e s e  occluded 
ga se s  a r e  l i t h o s t a t i c  but  could be h i g h e r  
depending on l o c a l  s t r e s s e s  r e l a t e d  t o  
t h e  low c r eep  l i m i t s  of rock s a l t  ( I ) ,  - 
p a r t i c u l a r l y  around mine openings.  

However, a gas  p r e s su re  was e s t ima t ed  
by mel t ing  a gas-enriched s a l t  sample i n  
a s e a l e d  c o n t a i n e r  and back-ca lcu la t ing  
t h e  occluded gas .  This  c a l c u l a t e d  va lue  
was 500 t o  1,000 atm ( a t  0' C) and 
occur red  i n  "bubbles" w i t h i n  t h e  s a l t  
c r y s t a l s  of domal rock s a l t  t h a t  had been 
e j e c t e d  from a blowout a t  a dep th  of 
about  244 m (800 f e e t )  ( 5 ) .  The l i t h o -  
s t a t i c  load  corresponding-to t h i s  sample 
was c a l c u l a t e d  t o  be about  50 t o  60 atm. 
It i s  p o s s i b l e  t h a t  t h i s  d i f f e r e n c e  
between t h e  gas  p r e s su re  and t h e  l i t h o -  
s t a t i c  load  was due t o  g ro s s  exper imenta l  
o r  sampling e r r o r ,  l o c a l l y  high s t r e s s  
concen t r a t  i o n s  i n  t h e  mine s t r u c t u r e  
where t h e  blowout occur red ,  o r  some o t h e r  
mechanism(s) no t  considered.  

A s  p a r t  of i t s  program t o  promote mine 
s a f e t y ,  t h e  Bureau of Mines has  under- 
t aken  two main a r e a s  of r e s ea r ch  i n  o rde r  
t o  a s s e s s  t h e  s p e c i e s  of gases  r e l e a s e d  
du r ing  mining, t h e i r  modes of occur rence ,  
t h e i r  q u a n t i t i e s ,  and t h e i r  c h a r a c t e r i s -  
t i c s  of emiss ion  i n t o  mine openings.  The 
f i r s t  a r e a  concerns  t he  r e s e r v o i r  charac- 
t e r i s t i c s  (volume, pe rmeab i l i t y ,  e t c . )  of 
f i s s u r e  and anomalous zones o r  o t h e r  
a r e a s  of s i g n i f i c a n t l y  i n t e r connec t ed  
void spaces  i n  domal rock s a l t ,  where any 
gases  p r e sen t  w i l l  migra te  i n  response  t o  
a p r e s s u r e  g r a d i e n t .  The second a r e a  
concerns  t h e  q u a n t i t i e s  of t he  va r i ous  
gases  occluded i n  t h e  rock s a l t  i t s e l f .  
I n  t h i s  mode of occur rence ,  t h e  gases  
w i l l  be r e l e a s e d  when t he  rock sal t  mass 
is  mechanical ly  d i s t u r b e d  o r  d i s so lved .  

This  r e p o r t  addresses  t h e  second a r e a  
of r e s ea r ch .  It p r e s e n t s  two methods 
developed by t h e  Bureau 's  P i t t s b u r g h  
Research Center  f o r  de te rmin ing  t h e  gas  
c o n t e n t s  of rock s a l t ,  a s  we l l  a s  some 
p r e l im ina ry  d a t a  on sma l l  samples from 
Louis iana  Gulf Coast domal s a l t  mines. 
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p o s s i b l e .  

A number of g a s e s  a r e  occluded i n  vary- 
i n g  p r o p o r t i o n s  i n  rock s a l t .  Some 
r e s u l t s  of occluded gas  c o n t e n t s  a n a l y s e s  
performed on rock s a l t  samples from Pol- 
i s h  s a l t  domes a r e  r e p o r t e d  i n  r e f e r -  
e n c e  3. One s u i t e  of a n a l y s e s  u s i n g  an 
undescr ibed  d i s s o l u t i o n  t echn ique  y i e l d e d  
mean c o n t e n t s  of 2.85 cm3 N 2 ,  0.23 cm3 
C02, 0.10 cm3 H 2 ,  and 0.06 cm3 CH4 p e r  
100 grams NaC1. I n  one P o l i s h  mine, 
n i t r o g e n  was t h e  dominant gas  occluded 
i n  s a l t ,  w i t h  up t o  10.65 cm3 N 2  p e r  
100 grams NaCl r e p o r t e d .  The maximum 
occluded methane c o n t e n t  g i v e n  f o r  t h i s  
mine was 0.38 cm3 p e r  100 grams NaC1. 
Another P o l i s h  domal s a l t  mine r e p o r t e d  
maximum occluded g a s  c o n t e n t s  i n  rock 
s a l t  samples ( d i s s o l v e d  i n  w a t e r )  of 
5.17 cm3 H 2 ,  1.18 cm3 C02, and 0.03 cm3 
CH4 p e r  100 grams NaC1. Data i n  r e f e r -  
e n c e  5 p o r t r a y  a  carbon dioxide-dominant - 
g a s  mix ture  occluded i n  t h e  "popping" 
s a l t  from a  blowout. The carbon d i o x i d e  
and methane c o n c e n t r a t i o n s  were 46.9 p c t  
and 1.5 p c t ,  r e s p e c t i v e l y .  No d a t a  f o r  
g a s  c o n t e n t  p e r  mass of s a l t  were g iven  
f o r  t h i s  a n a l y s i s .  

P r e l i m i n a r y  a n a l y s i s  has been done by 
t h e  Bureau of Mines on Gulf Coast  Louis i -  
ana  domal s a l t .  Th i s  s tudy  of t h e  com- 
p o s i t i o n  of gas  mix tures  occluded i n  rock 
s a l t  e j e c t e d  from blowouts has  y i e l d e d  a  
maximum of 8  t o  10 cm3 CH4 p e r  100 grams 
rock  s a l t ,  w i t h  l e s s e r  q u a n t i t i e s  of 
o t h e r  gas  s p e c i e s .  The minimum occluded 
methane c o n t e n t  was l e s s  than  0.1 cm3 CH4 

p e r  100 grams of rock s a l t .  The occluded 
methane c o n t e n t s  f o r  t h e  "popping" rock 
s a l t  ana lyzed  t o  d a t e  range from about  
0.6 t o  10 cm3 CH4 p e r  100 grams rock 
s a l t .  Conversion of t h e s e  d e t e r m i n a t i o n s  
t o  100 grams NaCl does no t  s i g n i f i c a n t l y  
change t h e s e  v a l u e s ,  owing t o  a  ve ry  h igh  
a s s a y  of NaCl f o r  t h e  rock s a l t  samples 
t e s t e d .  I n  terms of volumes of occluded 
g a s e s  p e r  mass of rock s a l t ,  t h e  r e s u l t s  
of t h e  Bureau 's  work a r e  comparable t o  
t h e  v a l u e s  pub l i shed  i n  r e f e r e n c e  3. The 
a p p a r e n t  d i f f e r e n c e s  a r e  i n  t h e  r F l a t i v e  
p r o p o r t i o n s  of t h e  gas  s p e c i e s  occluded 
i n  t h e  s a l t .  

An impor tan t  c o n s i d e r a t i o n  i s  t h a t  
t h e s e  occluded gas  c o n t e n t s  of rock s a l t  
may n o t  r e p r e s e n t  t h e  gas  mix tures  
r e l e a s e d  d u r i n g  a  blowout, e m i t t e d  
through boreho les  p e n e t r a t i n g  i n t e r c o n -  
n e c t e d  vo id  sys tems ,  o r  e m i t t e d  through 
f i s s u r e  sys tems i n t e r c e p t e d  by mining. 
The p o t e n t i a l  r e l a t i o n s h i p  of t h e  
occluded gas  t o  gas  r e l e a s e d  o r  e m i t t e d  
d u r i n g  mining is  c u r r e n t l y  being exp lored  
by t h e  Bureau, w i t h  comparisons between 
occluded gas  c o n t e n t s  of cored samples 
and c o r e h o l e  gas  emiss ions .  Data on 
t h e s e  occluded gas  c o n t e n t s  w i l l  be use- 
f u l  i f  they  can be c o r r e l a t e d  t o  a  s i g -  
n i f i c a n t  degree  w i t h  mine a tmospheres ,  
blowout-prone zones ,  o r  gas  emiss ions  
from d r i l l  h o l e s  i n  conven t iona l  mining 
o p e r a t i o n s .  A s  t h e  sampling p r o c e s s  
improves i n  terms of r e p r e s e n t a t i v e  Sam- 
p l e  s i z e  and r e p r e s e n t a t i v e  i n  s i t u  



c o n d i t i o n s  through s o p h i s t i c a t e d  c o r e  
d r i l l i n g  t e c h n i q u e s  and r e s e r v o i r  mechan- 
i c s  a n a l y s i s ,  t h e  p r o b a b i l i t y  of u s e f u l  
a p p l i c a t i o n  of t h e s e  d a t a  should 
i n c r e a s e .  

The gas  emiss ions  d u r i n g  mining shou ld  
depend on t h e  c h a r a c t e r i s t i c s  of t h e  
occluded gas  c o n t e n t s  of a  r e p r e s e n t a t i v e  

sample combined w i t h  t h e  r e s e r v o i r  char -  
a c t e r i s t i c s  of t h e  i n t e r c o n n e c t e d  void  
spaces  and f i s s u r e  systems. To b u i l d  a  
d a t a  base  f o r  u s e  i n  p r e d i c t i n g  in-mine 
e m i s s i o n s ,  t h e  Bureau has  i n i t i a t e d  a  
program t o  a n a l y z e  s y s t e m a t i c a l l y  a  v a r i -  
e t y  of domal s a l t  l i t h o l o g i e s  w i t h  
r e s p e c t  t o  gas  c o n t e n t s ,  geochemis t ry ,  
and g e o l o g i c  c o n t e x t .  

DOMAL ROCK SALT SAMPLES 

To d a t e ,  t h e  rock s a l t  samples have 
been g a t h e r e d  from mine f a c e s ,  r i b s ,  and 
s a l t  p i l e s  of known o r i g i n .  These a r e  
e s s e n t i a l l y  g r a b  samples w i t h  a  maximum 
mass of about  3.5 kg (7.7 pounds),  which 
have l o s t  any g a s e s  no t  occluded w i t h i n  
t h e  sa l t  c r y s t a l s  and /or  conf ined  i n  
i n t e r g r a n u l a r  vo id  spaces .  The exposure  
of t h e s e  s a l t  samples t o  t h e  mine atmos- 
p h e r e  has  a l lowed t h e  rock mass t o  
" loosen"  over  t ime a long  g r a i n  boundar ies  
and f r a c t u r e s  because of t h e  e f f e c t s  of 
humid i ty  and l o s s  of o r i g i n a l  i n  s i t u  
c o n f i n i n g  p r e s s u r e .  Thus, t h e  gas  con- 
t e n t s  of t h i s  s u i t e  of samples repre -  
s e n t  " r e s i d u a l "  occluded gas  c o n t e n t s .  
Although t h i s  r e s i d u a l  gas  r e p r e s e n t s  
o n l y  a  p o r t i o n  of t h e  g a s e s  i n  domal 
s a l t ,  t h i s  is  t h e  c u r r e n t  s t a t e  of t h e  
a r t .  Th i s  r e s i d u a l  gas  c o n t e n t  of rock 
s a l t  i s  n o t  d i r e c t l y  analogous t o  t h e  
r e s i d u a l  gas  i n  c o a l  ( 4 ) ,  - owing t o  

d i f f e r e n t  en t ra inment  modes. Methane has  
no r e a l  a f f i n i t y  f o r  o r  i n t e r a c t i o n  w i t h  
pure  s a l t ;  however, t h e  p resence  of b i t u -  
men changes t h i s  ( 2 ) .  - 

The s t a t e  of t h e  a r t  w i l l  advance w i t h  
t h e  a c q u i s i t i o n  of l a r g e r  ( w i t h  r e s p e c t  
t o  g r a i n  s i z e )  c o r e  d r i l l e d  samples t h a t  
a r e  main ta ined  under i n  s i t u  p r e s s u r e  and 
s e a l e d  from a tmospher ic  e f f e c t s  u n t i l  
analyzed.  A s  t h e s e  cored samples a r e  
recovered ,  gas  p r e s s u r e  measurements and 
gas  samples should be t aken  from t h e  
c o r e h o l e  t o  c h a r a c t e r i z e  t h e  i n t e r c o n -  
n e c t e d  vo id  s p a c e s  and t h e i r  g a s e s  and 
t h u s  maximize t h e  i n f o r m a t i o n  p r e s e n t e d  
by t h e  coreho le .  I n  s h o r t ,  t h e  r e l i a b i l -  
i t y  of a  g a s  c o n t e n t  d e t e r m i n a t i o n  
depends upon t h e  s i z e  and p h y s i c a l  
i n t e g r i t y  of t h e  sample ana lyzed ,  a l o n g  
w i t h  i t s  g e o l o g i c  c o n t e x t  and i n  s i t u  
c o n d i t i o n s .  

DISSOLUTION METHOD 

Two methods a r e  used by t h e  Bureau of 
Mines t o  de te rmine  t h e  gas  c o n t e n t s  of 
rock  s a l t  samples.  One i s  based on t h e  
d i s s o l u t i o n  of t h e  rock s a l t  mass i n  
a  s e a l e d  chamber w i t h  d i s t i l l e d  and 
degassed  wate r ,  i n  a  hel ium atmosphere.  
Occluded g a s e s  a r e  r e l e a s e d  d u r i n g  d i s -  
s o l u t i o n  and c o l l e c t e d  f o r  a n a l y s i s  by 
g a s  chromatography. Th is  method a l l o w s  
t h e  g a s  volume t o  be normal ized t o  e i t h e r  
t h e  mass of t h e  rock s a l t  o r  t o  t h e  mass 
of t h e  wa te r - so lub le  NaC1. There a r e  two 
major advantages  t o  t h i s  d i s s o l u t i o n  
method. One i s  t h e  r e l a t i v e l y  inexpen- 
s i v e  n a t u r e  of t h e  a p p a r a t u s .  The o t h e r  
i s  t h a t  t h i s  t e s t  can be performed a t  any 
s c a l e ,  from s i n g l e  c r y s t a l  samples t o  a  
s o l u t i o n  mining o p e r a t i o n .  

The d i s s o l u t i o n  chamber can range  i n  
s i z e  from a  l a b o r a t o r y  10-ml t e s t  tube  t o  
a  commercially a v a i l a b l e  d e s i c c a t o r  t o  a n  
a i r c r a f t  f u e l  t ank  b ladder  ( i n  t h e  
extreme) .  A l l  t h a t  i s  minimally r e q u i r e d  
i s  t h a t  t h e  opening f o r  i n t r o d u c i n g  t h e  
s a l t  sample be a i r t i g h t  when c l o s e d  and 
t h a t  t h e r e  be two v a l v e  f i t t i n g s  ( o r  a t  
l e a s t  one i f  t h e  d i s s o l u t i o n  chamber i s  a  
f l e x i b l e  b l a d d e r  t y p e ) .  

T h i s  d i s s o l u t i o n  method can a l s o  be 
performed i n  s i t u .  A boreho le  can be 
cased w i t h  an a n n u l a r  p i p e  arrangement 
f o r  i n j e c t i n g  wate r  and e x t r a c t i n g  t h e  
r e s u l t i n g  b r i n e  and /or  gases .  These 
r e l e a s e d  gases  would r e p r e s e n t  both  
occluded and f i s s u r e - i n t e r c o n n e c t e d  vo id  



space  gases .  The p i p e  s e t  shou ld  be 
cemented and a b l e  t o  w i t h s t a n d  a  p res -  
s u r e  t e s t  t o  a t  l e a s t  t h e  h y d r o s t a t i c  
p r e s s u r e  f o r  t h a t  depth .  P r o v i s i o n s  
s h o u l d  be made f o r  c o l l e c t i n g  gas  and 
s h u t t i n g  o f f  gas  f lows.  During and a f t e r  
t h e  s o l u t i o n  p r o c e s s  and c a v i t y  develop- 
ment,  t h e  c a v i t y  can  be monitored f o r  
b r i n e  and /or  gas  f lows  from afiy i n t e r -  
c e p t e d  f i s s u r e - i n t e r c o n n e c t e d  vo id  zones.  
A c o r e  sample from t h e  s o l u t i o n  c a v i t y  
s a l t  s h o u l d  be e x t r a c t e d  and analyzed 
f o r  occluded gas  c o n t e n t  p r i o r  t o  
d i s s o l u t i o n .  

The s o l u t i o n  c a v i t y ,  i f  of s u f f i c i e n t  
s i z e ,  can p o s s i b l y  be used t o  i n i t i a t e  
t h e  d i s a g g r e g a t i o n  of mechan ica l ly  un- 
s t a b l e  g a s s y  s a l t  and /or  t o  d r a i n  
i n t e r c e p t e d  f i s s u r e  zones ,  provided 
t h e  r e s u l t i n g  f low of gases  can be 
c o n t r o l l e d  a t  t h e  d r i l l  h o l e  c o l l a r .  A 

Graduated 
container q d i y : - ]  

disadvan tage  i s  t h a t  b r i n e - s o l u b l e  gas 
d e t e r m i n a t i o n s  can become complicated 
u n l e s s  t h e  g a s  s o l u b i l i t i e s  i n  b r i n e  a r e  
known. When t h e  d i s s o l u t i o n  has  been 
completed,  t h e  b r i n e  can be s u b j e c t e d  t o  
geochemical  a n a l y s i s  and t h e  water-  
i n s o l u b l e  r e s i d u e s  can be f  i l - t e r e d ,  
weighed, and examined. Any l i q u i d  hydro- 
carbon can be s e p a r a t e d  and ana lyzed .  

Exper imental  Apparatus  

The d i s s o l u t i o n  method e s s e n t i a l l y  cap- 
t u r e s  g a s e s  r e l e a s e d  from a  weighed sam- 
p l e  of rock s a l t  a s  i t  d i s s o l v e s  i n  a 
s e a l e d  chamber t h a t  has  had degassed,  
d i s t i l l e d  w a t e r  i n t r o d u c e d  i n t o  i t .  Fig- 
u r e  1 i s  a  schemat ic  r e p r e s e n t a t i o n  of 
t h e  exper imenta l  a p p a r a t u s .  The d e s i c -  
c a t o r  s e r v e s  a s  t h e  r e a c t i o n  v e s s e l  and 
gas  c o l l e c t i o n  chamber. It must have a t  
l e a s t  two f i t t i n g s  on t h e  t o p  f o r  hoses  

Tank valve Thermometer 

Desiccator pressu 

Exhaust vent or 
gas sampling por 

-- 

FIGURE 1. - Schematic of d i sso lu t i on  method apparatus. 



a n d / o r  v a l v e s  and a  p r o v i s i o n  f o r  a  tem- 
p e r a t u r e  probe ( thermometer)  i f  t h e  d i s -  
t i l l e d  w a t e r  i s  no t  a t  room tempera tu re .  

The i n t a k e  v a l v e  has  two s w i t c h a b l e  
i n p u t s  w i t h  one o u t l e t  t o  t h e  r e a c t i o n  
v e s s e l .  One of t h e  i n p u t s  is  f o r  t h e  
i n e r t  g a s  (he l ium)  t h a t  i s  used t o  purge 
( o r  a t  l e a s t  s t r o n g l y  d i l u t e )  t h e  a i r  
atmosphere i n  t h e  d e s i c c a t o r .  The pur- 
pose  of purging t h e  r e a c t i o n  v e s s e l  
atmosphere is  t o  reduce t h e  background 
i n t e r f e r e n c e  of t h e  v a r i o u s  g a s e s  i n  a i r .  
T h i s  is  e s s e n t i a l ,  owing t o  t h e  r e l a -  
t i v e l y  s m a l l  volumes of v a r i o u s  g a s e s  
r e l e a s e d  from t h e  rock  s a l t  sample i n  
comparison w i t h  t h e  volumes of atmos- 
p h e r i c  g a s e s  i n  t h e  v e s s e l  atmosphere.  
The o t h e r  i n p u t  on t h i s  v a l v e  i s  used t o  
i n t r o d u c e  t h e  degassed,  d i s t i l l e d  w a t e r  
from a  g radua ted  c o n t a i n e r  ( b u r e t  o r  
g r a d u a t e d  c y l i n d e r )  i n t o  t h e  r e a c t i o n  
v e s s e l .  

The o u t p u t  v a l v e  on t h e  o t h e r  p o r t  of 
t h e  d e s i c c a t o r  t o p  has  t h e  same t y p e  of 
v a l v e  a s  t h e  i n p u t  b u t  conf igured  a s  one 
i n l e t  from t h e  r e a c t i o n  v e s s e l  t o  two 
s w i t c h a b l e  o u t p u t s .  The f i r s t  o u t p u t  
goes  t o  a  p r e s s u r e  gage f o r  moni to r ing  
g a s  p r e s s u r e  i n  t h e  v e s s e l .  The second 
i s  used t o  sample t h e  g a s e s  i n  t h e  v e s s e l  
atmosphere and a l s o  a s  an  exhaus t  ven t  t o  
r e l e a s e  d i s p l a c e d  g a s e s  when t h e  v e s s e l  
a tmosphere  i s  purged. 

A sample of t h e  v e s s e l  atmosphere 
shou ld  be t aken  b e f o r e  t h e  degassed,  d i s -  
t i l l e d  wa te r  i s  i n t r o d u c e d ,  t o  o b t a i n  
background o r  b a s e l i n e  measurements of 
t h e  g a s e s  i n  t h e  v e s s e l .  The occluded 
g a s e s  r e l e a s e d  from t h e  rock s a l t  w i l l  be 
superimposed on t h i s  background d u r i n g  
t h e  d i s s o l u t i o n  p rocess .  When t h e  de- 
g a s s e d ,  d i s t i l l e d  w a t e r  i s  i n t r o d u c e d  
i n t o  t h e  v e s s e l ,  an expansion chamber of 
known volume can be a t t a c h e d  t o  t h e  ex- 
h a u s t  vent  t o  c o l l e c t  t h e  d i s p l a c e d  
atmosphere and t h e  f i r s t  r e l e a s e  of 
occluded g a s e s .  

The rock s a l t  sample i s  e l e v a t e d  from 
t h e  bottom of t h e  v e s s e l  by a  sam- 
p l e  s t a n d  s o  t h a t  i t  w i l l  be exposed t o  

r e l a t i v e l y  " f r e s h , "  u n r e a c t e d  wate r .  
T h i s  i s  because t h e  b r i n e  t h a t  r e s u l t s  
from t h e  d i s s o l v e d  p o r t i o n  of t h e  s a l t  i s  
d e n s e r  t h a n  t h e  f r e s h ,  u n r e a c t e d  w a t e r  
and s e t t l e s  t o  t h e  bottom of t h e  v e s s e l .  
Without a  sample s t a n d ,  t h e  rock s a l t  
sample w i l l  be i n  c o n t a c t  w i t h  b r i n e ,  
which w i l l  i n h i b i t  d i s s o l u t i o n  u n l e s s  t h e  
s o l u t i o n  i n  t h e  v e s s e l  i s  f r e q u e n t l y  
a g i t a t e d .  

Exper imental  Procedure  

The p rocedure ,  w i t h  some t y p i c a l  va l -  
u e s ,  f o r  t h e  Bureau p r o t o t y p e  a p p a r a t u s  
i s  a s  f o l l o w s :  

1. The rock s a l t  sample (300 t o  
1,000 grams) i s  weighed and p laced  on t h e  
sample s t a n d  i n  a  r e a c t i o n  v e s s e l  w i t h  an  
i n t e r n a l  volume (Vv) of about  3,000 t o  
6,500 cm3. 

2. The t o p  of t h e  r e a c t i o n  v e s s e l  i s  
g r e a s e d ,  i n s t a l l e d ,  s e a l e d ,  and secured .  
The t o p  must be secured  t o  w i t h s t a n d  an  
a p p l i e d  d i f f e r e n t i a l  p o s i t i v e  p r e s s u r e  
( 1  t o  30 mm Hg) used t o  p rec lude  l eakage  
from o u t s i d e  t h e  r e a c t i o n  v e s s e l .  

3. The exhaus t  vent  and i n l e t  v a l v e  
f o r  hel ium a r e  opened. The t ank  v a l v e  i s  
opened, w i t h  t a n k  r e g u l a t o r  set a t  about  
69 kPa (10 p s i g ) ,  and helium is flowed 
through t h e  r e a c t i o n  v e s s e l .  The t ime of 
f l o w  shou ld  be e x p e r i m e n t a l l y  determined 
f o r  t h e  v e s s e l  used.  For a  3,310-cm3 
v e s s e l ,  6  minutes  of f low a t  about  69 kPa 
d i l u t e d  t h e  n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  
v e s s e l  atmosphere from about  78  p c t  t o  
abou t  1  t o  2  p c t .  The purg ing  is  s topped  
by c l o s i n g  t h e  hel ium t a n k  v a l v e ,  t h e  
i n l e t  v a l v e ,  and t h e  exhaus t  ven t .  

4. A f t e r  purg ing  t h e  sampl ing c i r c u i t  
w i t h  hel ium and j u s t  p r i o r  t o  t h e  i n t r o -  
d u c t i o n  of t h e  degassed ,  d i s t i l l e d  w a t e r  
t o  t h e  r e a c t i o n  v e s s e l ,  t empera tu re  ( T i ) ,  
b a r o m e t r i c  p r e s s u r e  ( P b i ) ,  and v e s s e l  
i n t e r n a l  p r e s s u r e  ( P v i )  measurements a r e  
made, and two gas  samples a r e  t aken  
through t h e  sampl ing p o r t .  Th i s  e s t a b -  
l i s h e s  t h e  "before"  c o n d i t i o n  of t h e  
exper iment .  



5. Because t h e  s o l u b i l i t y  of NaCl i n  
room-temperature w a t e r  i s  about  37 grams 
NaCl i n  100 grams H20, t h e  volume of 
degassed ,  d i s t i l l e d  w a t e r  t o  be p repared  
can  be e s t i m a t e d  from t h e  sample weight .  
The a p p r o p r i a t e  volume of w a t e r  i s  i n t r o -  
duced i n t o  t h e  r e a c t i o n  v e s s e l  by opening 
t h e  i n l e t  v a l v e  and t h e n  t h e  exhaus t  p o r t  
a s  d e s i r e d  t o  run  t h e  experiment a t  
e i t h e r  a tmospher ic  o r  p o s i t i v e  p r e s s u r e  
c o n d i t i o n s .  L i b e r a l  volumes of d i s t i l l e d  
w a t e r  a r e  recommended t o  i n s u r e  complete 
d i s s o l u t i o n  of t h e  s a l t .  The f i n a l  vol-  
ume of w a t e r  i n  t h e  v e s s e l  i s  Vw. 

6 .  When t h e  d i s s o l u t i o n  of t h e  rock 
salt sample i s  c o x p l e t e ,  t h e  r e a c t i o n  
v e s s e l  t empera tu re  ( T f ) ,  b a r o m e t r i c  p r e s -  
s u r e  ( ~ b f ) ,  and v e s s e l  i n t e r n a l  p r e s s u r e  
( ~ v f )  measurements a r e  made, and two g a s  
samples a r e  t a k e n  through t h e  sampl ing 
p o r t .  Th i s  e s t a b l i s h e s  t h e  " a f t e r "  con- 
d i t i o n  of t h e  exper iment .  

7. The r e a c t i o n  v e s s e l  i s  opened, and 
samples of t h e  b r i n e  a r e  t a k e n  f o r  geo- 
chemical  a n a l y s i s .  The wate r - inso lub le  
r e s i d u e s  a r e  washed o u t  of t h e  v e s s e l ,  
f i l t e r e d ,  weighed, and p rese rved  f o r  
geochemical  a n d / o r  m i n e r a l o g i c  a n a l y s i s .  

8. The r e a c t i o n  v e s s e l  i s  washed i n  
d i s t i l l e d  wa te r .  

The d a t a  r e d u c t i o n  method is  p r e s e n t e d  
below. 

The volume t h a t  t h e  g a s e s  occupy b e f o r e  
t h e  d i s t i l l e d  w a t e r  i s  added--the volume 
of g a s e s  i n i t i a l l y  (Vgi)--is 

Vgi = Vv - V s a l t ,  

where Vv = i n t e r n a l  volume of des icca -  
t o r  (and expansion chamber 
i f  used)  w i t h  sample s t a n d ,  

and V sa l t  = volume of s a l t  = (sample 
w e i g h t ) / ( d e n s i t y  of rock 
s a l t ) .  

To approximate  t h e  d e n s i t y  of rock s a l t ,  
a  v a l u e  of 2.16 g/cm3 w a s  chosen because 
i t  r e p r e s e n t e d  t h e  median of a  range of 
v a l u e s  (2.12 t o  2.204 g/cm3) p r e s e n t e d  i n  
r e f e r e n c e s  2 ,  5-6. More e x p l i c i t  methods - - -  

t o  de te rmine  t h e  d e n s i t y  o r  volume of 
rock s a l t  can be used.  

The v a l u e  f o r  Vgi i s  c o r r e c t e d  t o  
s t a n d a r d  t empera tu re  and p r e s s u r e  (STP) 
c o n d i t i o n s  (Vi )  by 

where Pbi  = i n i t i a l  b a r o m e t r i c  p r e s s u r e ,  

Pv i  = i n i t i a l  v e s s e l  i n t e r n a l  
p r e s s u r e ,  

T i  = i n i t i a l  t empera tu re ,  

P  = 760 mm Hg, 

and T = 273 K. 

The g a s e s  under  c o n s i d e r a t i o n  f o r  t h e  
p r e s s u r e s  and t empera tu res  quoted i n  t h i s  
r e p o r t  behave e s s e n t i a l l y  a s  i d e a l  g a s e s .  

To o b t a i n  t h e  background i n d i v i d u a l  gas  
s p e c i e s  volumes, t h e  c o n c e n t r a t i o n s  of 
each  g a s ,  a s  determined by a n a l y s i s  of 
t h e  " b e f o r e "  gas  samples ,  a r e  m u l t i p l i e d  
by t h e  V i .  

The volume t h a t  t h e  g a s e s  occupy a f t e r  
d i s s o l u t i o n  (Vgf) is  

where Vw = volume of w a t e r ,  

and V d  = volume of s a l t  d i s s o l v e d  
= (V s a l t )  (100 p c t  - per-  
c e n t  volume d e c r e a s e ) .  

The p e r c e n t  volume d e c r e a s e  of a  s a t u -  
r a t e d  aqueous s o l u t i o n  of NaCl a t  0" C i s  
about  25.9 p c t ;  a t  25" C ,  20.4 p c t ;  a t  
50.4" C ,  17.9 p c t  ( 2 ,  6 ) .  For l e s s  t h a n  
s a t u r a t e d  s o l u t i o n s ~  tKe molar concen t ra -  
t i o n  must be c a l c u l a t e d  and t h e  c o r r e -  
sponding volume d e c r e a s e  v a l u e  found i n  
t h e  aforement ioned r e f e r e n c e s .  

The volume Vgf is  t h e n  a d j u s t e d  t o  STP 
c o n d i t i o n s  (Vf ) ,  as was done i n  t h e  
"before"  c a s e ,  t o  i n c l u d e  wate r  vapor 
p r e s s u r e  c o r r e c t i o n .  The " a f t e r "  volume 



of t h e  i n d i v i d u a l  gas  s p e c i e s  o r  groups STP volumes of gases  r e l ea sed  by t h e  rock 
of s p e c i e s  a r e  s i m i l a r l y  c a l c u l a t e d  and s a l t .  The gas  volumes can be normalized 
t h e  " a f t e r "  minus "before"  r e p r e s e n t s  t h e  t o  100 grams NaCl o r  100 grams rock s a l t .  

CRUSHING METHOD 

The second method used by t h e  Bureau of 
Mines f o r  gas conten t  de te rmina t ion  i s  
t h e  c rush ing  method. In  t h i s  method t h e  
s a l t  sample i s  mechanically crushed i n  a  
b a l l m i l l .  The rock s a l t  sample i s  
reduced t o  a  powder t h a t  i s  on t h e  o rde r  
of 0.420 mm (40 mesh, 0.0165 i n c h ) ,  a l -  
though t h e  s i z e  d i s t r i b u t i o n  of t h e  
crushed s a l t  can be a l t e r e d .  An advan- 
t a g e  of t h i s  method i s  t h a t  t h e  degree of 
c rush ing  can be c o n t r o l l e d  t o  match t h e  
end use  of t h e  da ta .  Disadvantages of 
t h e  c rush ing  method a r e  t h a t  t h e  s i z e  of 
t h e  b a l l m i l l  governs t h e  maximum s i z e  of 
t h e  sample t o  be analyzed,  and t h e  b a l l -  
m i l l  i n t e r i o r  volume can be r e l a t i v e l y  
l a r g e ,  i n t roduc ing  sometimes cons iderab le  
exper imenta l  e r r o r ,  owing t o  mechanical 
e f f i c i e n c y  requirements .  

r e f e r ence  4; however, any commercially 
a v a i l a b l e  a i r t i g h t  c rush ing  m i l l  cou ld  be 
used. 

The top  of t h e  m i l l  has  two f i t t i n g s  
f o r  t h e  va lves .  One f i t t i n g  is f o r  t h e  
i n p u t  va lve ,  which has  two swi tchable  
i n p u t s  and one o u t l e t  i n t o  t h e  b a l l m i l l .  
One of t h e  i n p u t s  i s  from t h e  helium 
tank.  The o t h e r  i s  t h e  i npu t  t o  t h e  
s e l e c t o r  va lve ,  which has two swi tchable  
o u t l e t s  f o r  a  p r e s su re  gage ( f o r  example, 
water  manometer) and a  gas sampling po r t .  
The second f i t t i n g  i s  f o r  t h e  ou tput  
va lve  which has  one i n l e t  from t h e  b a l l -  
m i l l  and one output  f o r  t h e  exhaust  vent .  
A s  d i s cus sed  i n  t h e  s e c t i o n  "Disso lu t ion  
Method," t h e  a i r  atmosphere is purged 
wi th  helium t o  a l low background 
sub t r ac t i on .  

Experimental Procedure 
This  method e s s e n t i a l l y  cap tu re s  

occluded gases  r e l e a s e d  when t h e  rock The procedure,  wi th  some t y p i c a l  val-  
s a l t  sample i s  mechanically crushed t o  ues ,  f o r  t h e  Bureau prototype appa ra tu s  
powdered form. The s t a i n l e s s  s teel  b a l l -  i s  a s  fo l lows:  
m i l l  i s  analogous t o  t h e  d e s i c c a t o r  
( r e a c t i o n  v e s s e l )  used i n  t h e  d i s s o l u t i o n  1. The rock s a l t  sample (600 t o  
method. Figure 2 i s  a  schematic  of t h e  1,000 grams) is  weighed and p laced  
c rush ing  method appara tus .  The des ign  of i n  a  b a l l m i l l  w i th  a  3,340-cm3 i n t e r n a l  
t h e  Bureau b a l l m i l l  i s  descr ibed  i n  volume (Vv). 

2 .  The g r ind ing  media ( b a l l  bear ings ,  
r ods ,  e t c . )  of known volume (about 
725  cm3) a r e  added. Glass wool i s  p laced  
i n s i d e  t h e  f i t t i n g s  i n  t h e  t op  of t h e  
m i l l ,  and t h e  t o p  i s  secured t o  t h e  body 
of t h e  m i l l .  The g l a s s  wool a c t s  a s  a  

Exhaust vent f i l t e r  t o  prevent  s a l t  d u s t  from plugging 
t h e  f i t t i n g s  and va lves .  

3. The output  valve-exhaust ven t  and 

Ballmill 
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- media about  69 kPa (10 p s i g )  t o  f low i n t o  t h e  1 8 8 e o o ~ ~  u b a l l m i l l  t o  purge t he  a i r  atmosphere. 

For a  3,340-cm3 b a l l m i l l ,  about 6 minutes 
FIGURE 2. - Schematic of crushing method apparatus. of purging i s  r equ i r ed  t o  lower t h e  

Grinding 

He 

t h e  i npu t  va lve  a r e  opened; t h e  s e l e c t o r  
va lve  is  c lo sed ;  and t h e  tank va lve  i s  
opened t o  a l low helium a t  a  p r e s su re  of 



n i t r o g e n  c o n c e n t r a t i o n  i n  t h e  atmos- 
phere  from about  78 p c t  t o  abou t  1  t o  
2  p c t .  

4. The o u t p u t  valve-exhaust  ven t  i s  
c l o s e d  w h i l e  t h e  hel ium t a n k  v a l v e  i s  
s l o w l y  t u r n e d  o f f .  Th i s  s t e p  a p p l i e s  a  
s l i g h t  p o s i t i v e  p r e s s u r e  t o  t h e  i n t e r i o r  
of t h e  b a l l m i l l .  The two main r e a s o n s  
f o r  t h i s  p o s i t i v e  p r e s s u r e  a r e  t o  a v o i d  
i n f l o w i n g  con tamina t ion  f rom o u t s i d e  t h e  
b a l l m i l l  and t o  a i d  i n  g a s  sample e x t r a c -  
t i o n .  The s e l e c t o r  v a l v e  i s  swi tched  t o  
o b t a i n  t h e  i n t e r n a l  p r e s s u r e  ( P v i ) ,  u s i n g  
a  w a t e r  manometer. T h i s  d i f f e r e n t i a l  
p r e s s u r e  i s  i n  t h e  34- t o  52-cm w a t e r  
gage (W,G,) (13- t o  20-inch W . G , )  range.  
A mercury manometer cou ld  be used  w i t h  a  
cor responding  d i f f e r e n t i a l  p r e s s u r e  range  
of  25 t o  38 mm Hg. A b a r o m e t r i c  p r e s s u r e  
measurement i s  a l s o  made a t  t h i s  t ime ,  
a l o n g  w i t h  t empera tu re  ( T i ) .  

5. The s e l e c t o r  i s  swi tched  t o  t h e  g a s  
sampl ing p o r t .  A f t e r  t h e  sampl ing c i r -  
c u i t  i n p u t  v a l v e ,  s e l e c t o r  v a l v e ,  and g a s  
sampl ing p o r t  a r e  f l u s h e d  w i t h  hel ium,  
two g a s  samples of t h e  b a l l m i l l  atmos- 
p h e r e  a r e  t a k e n  ( u s i n g  20-1 evacua ted  
c o n t a i n e r s ) .  The b a l l m i l l  i n t e r n a l  p res -  
s u r e  i s  remeasured. Two 20-1 evacua ted  
c o n t a i n e r s  a r e  used f o r  g a s  sample co l -  
l e c t i o n s ,  and t h e  d i f f e r e n t i a l  p r e s s u r e  
d e c r e a s e s  by abou t  7.8 t o  25.4 cm W.G. 
( 3  t o  10 i n c h e s  W.G.). The second manom- 
e t e r  ( P v i )  r e a d i n g  added t o  t h e  baro- 
m e t r i c  p r e s s u r e  ( P b i )  ( w i t h  tempera- 
t u r e  c o r r e c t i o n )  r e p r e s e n t s  t h e  "before"  
c h a r a c t e r  of t h e  i n t e r i o r  of t h e  
b a l l m i l l .  

6. The b a l l m i l l  i s  d i sconnec ted  from 
t h e  v a l v e  a s s e m b l i e s  and p laced  on t h e  
r o l l e r  machine t o  r o t a t e  f o r  abou t  1  hour 
and c r u s h  t h e  s a l t .  

7 .  A f t e r  c rush ing ,  t h e  b a l l m i l l  i s  
removed from t h e  r o l l e r  machine and 
a l lowed  t o  e q u i l i b r a t e  w i t h  t h e  room 
tempera tu re .  A thermometer i s  s e t  on 
t o p  o f  t h e  m i l l  t o  i n s u r e  t h a t  t h e  b a l l -  

m i l l  and c o n t e n t s  come 
tempera tu re .  

t o  room 

8.  When t h e  b a l l m i l l  h a s  reached room 
tempera tu re ,  t h e  sampling c i r c u i t  i s  
a g a i n  f l u s h e d  w i t h  hel ium,  and t h e  v a l v e  
assembl ies  a r e  reconnec ted  t o  t h e  m i l l .  
A b a l l m i l l  d i f f e r e n t i a l  p r e s s u r e  measure- 
ment i s  made w i t h  t h e  manometer ( P v f ) ,  
a l o n g  w i t h  b a r o m e t r i c  p r e s s u r e  (Pbf )  and 
t empera tu re  ( T f )  measurements. Two gas  
samples of t h e  b a l l m i l l  atmosphere a r e  
taken.  These measurements and samples 
r e p r e s e n t  t h e  " a f t e r "  c h a r a c t e r  of t h e  
i n t e r i o r  of t h e  b a l l m i l l .  A postsampling 
manometer r e a d i n g  of t h e  remaining d i f -  
f e r e n t i a l  p r e s s u r e  i s  taken  t o  i n s u r e  
t h a t  t h e  " a f t e r "  g a s  samples were s a t i s -  
f a c t o r i l y  e x t r a c t e d .  Any remaining d i f -  
f e r e n t i a l  p r e s s u r e  i n  t h e  b a l l m i l l  i s  
t h e n  removed by opening t h e  o u t p u t  valve-  
e x h a u s t  v e n t .  

9. The b a l l m i l l  t o p  i s  removed, and 
t h e  s a l t  and g r i n d i n g  media a r e  empt ied 
i n t o  a  s i e v e  s t a c k  w i t h  pan. A t y p i c a l  
s i e v e  s t a c k  made of s t a i n l e s s  s t e e l  i s  
composed of 112-inch (12.7-mm), lo-mesh 
(2-mm), 20-mesh (841-pm), and 40-mesh 
(420-pm) s i e v e s  and pan. The s i e v e  f r a c -  
t i o n s  a r e  weighed s e p a r a t e l y .  The s i e v e  
a n a l y s i s  i s  r e q u i r e d  t o  c h a r a c t e r i z e  
t h e  degree  of e f f i c i e n c y  of t h e  c rush ing .  
These d a t a  a r e  a l s o  r e q u i r e d  t o  d e t e r -  
mine t h e  e x a c t  weight  of crushed s a l t  
t h a t  r e l e a s e s  i t s  occluded g a s e s .  Nor- 
mal ly  t h e  minus 20-mesh s a l t  i s  used 
t o  normal ize  t h e  g a s  c o n t e n t s  t o  s a l t  
mass. 

10. A r e p r e s e n t a t i v e  f r a c t i o n  of t h e  
crushed s a l t  i s  submi t t ed  f o r  geochemical  
a n a l y s i s .  

The d a t a  r e d u c t i o n  method i s  p r e s e n t e d  
be low. 

The volume t h a t  t h e  g a s e s  occupy b e f o r e  
t h e  rock  s a l t  i s  c rushed  (Vgi) i s  

Vgi = Vv - (V s a l t  + V g r i n d i n g  media) ,  
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where Vv = i n t e r n a l  volume 
of b a l l m i l l  
(3 ,340  cm3), 

V s a l t  = (sample w e i g h t ) /  
( d e n s i t y  of 
rock  s a l t ) ,  

and V g r i n d i n g  media = volume of g r ind-  
i n g  media. 

An e x p l i c i t  d e t e r m i n a t i o n  of t h e  den- 
s i t y  of rock  s a l t  o r  t h e  volume i s  p r e f -  
e r a b l e  t o  u s i n g  a n  assumed d e n s i t y  of 
2.16 g/cm3 a s  d i s c u s s e d  i n  t h e  s e c t i o n  
" D i s s o l u t i o n  Method." 

The volume Vgi i s  c o r r e c t e d  t o  s t a n d a r d  
t empera tu re  and p r e s s u r e  (STP) c o n d i t i o n s  
(Vi )  : 

( P b i  + Vgi)(Vgi)  - - ( P ) ( V i )  
T i  T '  

where Pbi  = i n i t i a l  b a r o m e t r i c  p r e s s u r e ,  

Pv i  = i n i t i a l  b a l l m i l l  i n t e r n a l  
p r e s s u r e ,  

T i  = i n i t i a l  t e m p e r a t u r e ,  

P = 760 mm Hg, 

and T = 273 K. 

A s  i n  t h e  d i s s o l u t i o n  method, t h e  STP 
volumes of t h e  i n d i v i d u a l  gas  concen t ra -  
t i o n  and V i  a r e  c a l c u l a t e d .  

The volume t h a t  t h e  g a s e s  occupy a f t e r  
c r u s h i n g  (Vgf) i s  

(Pbf + ~ v f ) ( V g f )  - ( P ) ( V f )  - 
Tf T 

where Pbf and Pvf = f i n a l  b a r o m e t r i c  and 
b a l l m i l l  p r e s s u r e s ,  
r e s p e c t i v e l y ,  

Tf = f i n a l  t e m p e r a t u r e ,  

and Vf = STP a d j u s t e d  f i n a l  
g a s  volume. 

The volumes of g a s e s  a r e  t h e n  ca lcu-  
l a t e d  u s i n g  Vf and gas  c o n c e n t r a t i o n s  
determined from t h e  " a f t e r "  g a s  Sam- 
p l e s .  A f t e r  s u b t r a c t i n g  background 
( t h e  "before"  c o n d i t i o n s ) ,  t h e  STP vol-  
umes of i n d i v i d u a l  o r  groups  of g a s e s  
( f o r  example,  hydrocarbons)  a r e  normal- 
i z e d  t o  t h e  mass of t h e  a p p r o p r i a t e  
s i e v e  f r a c t i o n  ( f o r  example, minus 
20 mesh) of rock s a l t  o r  NaCl under  
c o n s i d e r a t i o n .  

SUMMARY AND CONCLUSIONS 

The Bureau of Mines h a s  developed two 
methodologies  t o  de te rmine  t h e  occluded 
g a s  c o n t e n t s  of domal rock  s a l t ,  a l t h o u g h  
t h e s e  methods a r e  n o t  n e c e s s a r i l y  
r e s t r i c t e d  t o  domal rock s a l t  samples.  
The u s e f u l n e s s  of t h e  occluded gas  con- 
t e n t  d a t a  from e i t h e r  t h e  d i s s o l u t i o n  
method o r  t h e  c r u s h i n g  method i s  d e t e r -  
mined by t h e  s i z e  and c o l l e c t i o n  method 
of t h e  s u b j e c t  sample and t h e  c o r r e l a t i o n  
of t h e  occluded g a s  c o n t e n t  d a t a  w i t h  gas  
e m i s s i o n s  i n t o  t h e  mine a tmosphere  a s  a 
r e s u l t  of mining a c t i v i t i e s .  Of t h e  two 
methods, t h e  d i s s o l u t i o n  method a p p e a r s  
t o  be more v e r s a t i l e  because i t  can 
be performed e i t h e r  i n  s i t u ,  through a n  
e x p l o r a t o r y  d r i l l  h o l e ,  o r  on a sample 

t h e  s i z e  of which i s  l i m i t e d  o n l y  by t h e  
s i z e  of t h e  d i s s o l u t i o n  chamber. 

The r e s u l t s  of occluded gas  determina-  
t i o n s  can  be a p p l i e d  t o  f u r t h e r  s t u d i e s  
on t h e  c o r r e l a t i o n  of occluded g a s  w i t h  
g a s  e m i s s i o n s  i n t o  t h e  mine a tmosphere  
d u r i n g  t h e  mining of rock  s a l t  f o r  which 
t h e  occ luded  g a s  c o n t e n t s  and d r i l l  h o l e  
gas  emiss ion  c h a r a c t e r i s t i c s  have been 
determined. T h i s  c o r r e l a t i o n  w i l l  a l l o w  
t h e  mapping of g a s  emiss ion  c h a r a c t e r i s -  
t i c s  a s  a f u n c t i o n  of geology and t h u s  
p rov ide  a p r e d i c t i o n  model of gas  occur-  
r e n c e s  i n  a s a l t  dome through u s e  of t h e  
r e s u l t s  of t h e s e  l a b o r a t o r y  p rocedures .  
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