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GAS CONTENT DETERMINATIONS OF SALT SAMPLES USING ACOUSTIC 
RESPONSES 

By Thomas E. Marshall1 and Gerald L. Finfinger2 

ABSTRACT 

The Bureau of Mines h a s  deve loped  a  p r a c t i c a l  methodology f o r  d e t e r -  
mining occ luded  g a s  c o n t e n t s  of domal rock s a l t  samples.  The method, 
which i s  p o r t a b l e  and f i e l d w o r t h y ,  p r o v i d e s  r e s u l t s  i n  5 min o r  l e s s  and 
d o e s  n o t  r e q u i r e  a  l a b o r a t o r y  envi ronment  o r  s p e c i a l l y  t r a i n e d  p e r s o n n e l  
t o  o b t a i n  meaningful  r e s u l t s .  The r e s u l t s  can  be used  t o  i d e n t i f y  gas-  
e n r i c h e d  zones ,  and t h u s  may a i d  mine o p e r a t o r s  i n  p r o d u c t i o n  p l a n n i n g  
o r  v e n t i l a t i o n  des ign .  

The t e s t  method i s  based on t h e  r e l a t i o n s h i p  between gas  c o n t e n t  and 
t h e  a c o u s t i c  r e s p o n s e  of s a l t  samples  a s  t h e y  a r e  d i s s o l v e d  i n  wa te r .  
The r e l a t i o n s h i p  i s  d e f i n e d  by a n  e q u a t i o n ,  and t h e  r e s u l t s  a r e  r e p e a t -  
a b l e .  The e q u a t i o n  was d e r i v e d  by t e s t i n g  a  s e r i e s  of rock  s a l t  samples  
c o l l e c t e d  f rom domal s a l t  mines i n  L o u i s i a n a .  

E n g i n e e r i n g  t e c h n i c i a n .  
2 ~ u p e r v i s o r y  g e o l o g i s t .  

P i t t s b u r g h  Resea rch  C e n t e r ,  Bureau of Mines, P i t t s b u r g h ,  PA. 



INTRODUCTION 

The r e l e a s e  of hydrocarbon gases  from 
s u b s u r f a c e  s t r a t a  i n t o  underground mine 
workings has  long been p rob lemat ic  t o  t h e  
m i n e r a l  i n d u s t r y .  I n  p a r t i c u l a r ,  methane 
emiss ions  have been d i r e c t l y  r e s p o n s i b l e  
f o r  many d i s a s t e r s  which have r e s u l t e d  
i n  t h e  l o s s  of l i f e  and p r o p e r t y  (1). 
While methane c o n t r o l  g u i d e l i n e s  and pro- 
cedures  a r e  w e l l  known t o  t h e  underground 
c o a l  mining i n d u s t r y ,  workable methods 
f o r  t h e  domal s a l t  i n d u s t r y  a r e  s t i l l  
b e i n g  devised.  The mechanisms t h a t  gov- 
e r n  t h e  occur rence  and subsequent  r e l e a s e  
of i n  s i t u  gases  i n  domal s a l t  forma- 
t i ~ n  d i f f e r  s i g n i f i c a n t l y  from t h e  envi-  
ronments a s s o c i a t e d  w i t h  coa l -bear ing  
s t r a t a .  

Most c o a l  mining o p e r a t i o n s  e x p e r i e n c e  
a  r e l a t i v e l y  s t e a d y  emiss ion of methane 
i n t o  t h e  underground workings (2-7) .  A s  
a  r e s u l t ,  t h e  v e n t i l a t i o n  requirements  
t o  d i l u t e  t h e  methane t o  s a f e  l e v e l s  
c a n  be i d e n t i f i e d  and e a s i l y  implemented 
d u r i n g  t h e  mining o p e r a t i o n .  However, 
methane emiss ion i n  domal s a l t  mines 
i s  no t  always a  s t e a d y  cont inuous  f low,  
b u t  i n s t e a d  t ends  t o  occur  a s  sudden 
and r a p i d  r e l e a s e s  (8). A s  a  r e s u l t ,  t h e  
v e n t i l a t i o n  needs cannot always be met 
and t h e  p o t e n t i a l  f o r  hazardous condi-  
t i o n s  t o  form i s  i n c r e a s e d .  

To a c h i e v e  a  s a f e r  work environment f o r  
t h e  underground domal s a l t  mining i n -  
d u s t r y ,  t h e  Bureau of Mines has  been 

conduct ing r e s e a r c h  t o  develop p r e d i c t i v e  
t e c h n i q u e s  f o r  i d e n t i f y i n g  gas-enriched 
zones and outburs t -prone a r e a s .  E a r l i e r  
Bureau i n v e s t i g a t o r s  have determined 
methods f o r  q u a n t i f y i n g  gas-enr iched 
zones and have c o r r e l a t e d  t h e  zones t o  
observed p h y s i c a l  c o n d i t i o n s  such a s  s a l t  
q u a l i t y ,  banding,  and i m p u r i t i e s  (9-13). -- 
Based on d a t a  c o l l e c t e d  from t h r e e  domal 
s a l t  mines i n  s o u t h e r n  Louis iana ,  a  cor -  
r e l a t i o n  has  been e s t a b l i s h e d  between 
i n c r e a s e d  gas  c o n t e n t  and o u t b u r s t  occur-  
r ences  (=). The gas  c o n t e n t  measure- 
ments were ob ta ined  u s i n g  a  d i s s o l u t i o n  
and gas  chromatography techn ique  (9 ) .  - 
This  t echn ique  i s  q u i t e  s imple ,  bu t  
r e q u i r e s  a  l a b o r a t o r y  environment and 
t r a i n e d  personne l  t o  o b t a i n  a c c u r a t e  
r e s u l t s .  

A d d i t i o n a l  s t u d i e s  were under taken t o  
p rov ide  t h e  i n d u s t r y  w i t h  a  r a p i d  and 
f i e l d w o r t h y  method f o r  e s t i m a t i n g  gas  
c o n t e n t s .  It was observed d u r i n g  f i e l d  
s t u d i e s  and d i s s o l u t i o n  t e s t i n g  t h a t  a  
popping o r  c r a c k i n g  sound was d i s c e r n i b l e  
a s  t h e  s a l t  samples were d i s s o l v e d  i n  
water .  A l a b o r a t o r y  t e s t  was conducted 
t o  determine i f  t h e  emi t t ed  sounds were 
r e l a t e d  t o  t h e  gas  c o n t e n t  of t h e  s a l t  
sample. R e s u l t s  from t h e  t e s t  i n d i c a t e d  
an e x c e l l e n t  c o r r e l a t i o n  between t h e  two 
parameters .  Procedures  and r e s u l t s  of 
t h e  t e s t  a r e  d i s c u s s e d  i n  t h i s  r e p o r t .  
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TEST DESCRIPTION 

The t e s t  methodology was designed TEST APPARATUS 
around t h e  concepts of s i m p l i c i t y ,  f i e l d -  
wor th iness ,  and r e a l  time r e s u l t s .  The To provide a  bu f f e r  from ou t s ide  no i se  
system i s  intended t o  be used a t  a  mine i n t e r f  erence a  po r t ab l e  sound-resis- 
s i t e ;  i t  does not r equ i r e  a  l abo ra to ry  t a n t  chamber was obtained wi th  i n s i d e  
environment, but a  r e l a t i v e l y  q u i e t  a r e a  dimensions of 0.6 by 0.6 by 0.6 m 
i s  necessary.  ( f i g .  1). This  s i z e  was s e l e c t e d  t o  test  

FIGURE 1.-Portable sound-resistant chamber. 
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FIGURE 2.-Small grab sample of rock salt. 

primarily small grab samples (fig. 2) 
collected from within the mine. The 
chamber is equipped with a magnetic door 
seal and has an instrumentation recep- 
tacle built in for strip-chart recorder 
and microphone outputs. 
A cylindrical aluminum canister is 

bolted inside the chamber to provide ad- 
ditional insulation from outside noise 
interferences. A 2,000-mL glass beaker, 
filled with approximately 1,800 mL of 
water, is placed inside the canister. An 
inverted 2501nL glass beaker is placed 
inside the larger beaker and is used as a 
platform to hold the salt sample during 
testing (fig. 3). Sound emissions are 
monitored by a noise dosimeter attached 
to the aluminum canister. The dosimeter 
is connected to the inside jack of the 
instrumentation receptacle. A strip- 
chart recorder is connected to the dosi- 
meter through the outside jack of the 

instrumentation receptacle. The recorder 
operates at a chart speed of 3 cm/min. 

TEST PROCEDURE 

A collected salt sample (approximately 
50 g) is submerged in the water-filled 
2,000-mL beaker. The chamber door is 
closed and sealed, and the strip-chart 
recorder is activated. Sound emissions 
are recorded for five min. The relative 
gassiness of the sample can be readily 
determined by examining the strip-chart 
recording at the end of the test. Visual 
inspection of the strip-chart recordings 
does not provide gas content values, but 
does provide relative values of gassiness . 
such as low, medium, and high. Figure 4 
shows the recorded output from three 
salt samples with different amounts 
of occluded gas. The gas contents of 
the three samples tested were no gas 



FIGURE 3.-Test setup inside chamber. 

( f i g .  4 A ) ,  cm3 p e r  100 g ( f i g .  4 B ) ,  8 cm3 cou ld  be used t o  a s c e r t a i n  a c t u a l  g a s  
p e r  100 g  ( f i g .  4 C ) ,  a s  determined by t h e  c o n t e n t  va lues .  The r e s u l t s  of t h i s  
d i s s o l u t i o n  method. t e s t i n g  a r e  d e t a i l e d  i n  t h e  f o l l o w i n g  

A d d i t i o n a l  t e s t i n g  was performed t o  s e c t i o n .  
d e t e r m i n e  i f  t h e  a c o u s t i c  t e s t  method 

TEST RESULTS 

A s e r i e s  of t e s t s  was conducted t o  CORRELATION TESTING 
d e t e r m i n e  t h e  degree  of c o r r e l a t i o n  
between t h e  g a s  c o n t e n t  of  domal s a l t  C o r r e l a t i o n  t e s t i n g  was accomplished by 
samples  and t h e  a c o u s t i c  r e sponse  of t h e  c o l l e c t i n g  20 g r a b  samples from w i t h i n  
samples  a s  t h e y  a r e  d i s s o l v e d  i n  water .  o p e r a t i n g  domal s a l t  mines i n  s o u t h e r n  
The t e s t s  i n c l u d e d  a n  a n a l y s i s  of t h e  Louis iana .  The samples were c o l l e c t e d  
impact  of sample s i z e  on t h e  t e s t  from a r e a s  t h a t  had and had no t  e x p e r i -  
r e s u l t s .  enced methane emiss ions  d u r i n g  mining. 



flGURE 4.--Strlpchart recordings of relatlve acoustlc responses from three samples with dlfferent gas contents. 
A, No gas; B,4 cm3 per 100 g; C, 8 crna per 100 g. 

Each sample c o l l e c t e d  was l a r g e  enough t o  
a l low f o r  mu l t i p l e  t e s t i n g .  Af t e r  t h e  
samples were re turned  t o  t h e  l abo ra to ry ,  
a  s p l i t  of each one was subjec ted  t o  t h e  
d i s s o l u t i o n  t e s t  t o  determine the  a c t u a l  
ga s  content .  A remaining po r t i on  from 
each sample was then  d isso lved  i n  water ,  
and i t s  average a c o u s t i c  response was 
recorded. 

Resu l t s  from t h e  two t e s t  s e r i e s  a r e  
l i s t e d  i n  t a b l e  1. Gas conten ts  of t h e  
samples ranged from 0 t o  8.6030 cm3 pe r  
100 g ,  while  t h e  a c o u s t i c  responses 
ranged from 50 t o  76 dB. Figure 5 shows 
t h e  gas  conten t  versus  a c o u s t i c  response 

d a t a  f o r  t h e  samples c o l l e c t e d  and 
i n d i c a t e s  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  o r  
r2 va lue  (3, pp. 229-249) was 0.97. 

Using t h e  e s t a b l i s h e d  c o r r e l a t i o n  shown 
i n  f i g u r e  5, gas content  values  f o r  domal 
s a l t  samples can be est imated from t h e  
fol lowing equat ion:  

where Y = es t imated  t o t a l  gas  con ten t ,  
cm3 pe r  100 g,  

and X = average a c o u s t i c  response, dB. 



AVERAGE ACOUSTIC EMISSIONS, dB 
FIGURE 5.-Relatlonshlp between gas content and acoustlc responses of salt samples. 

TABLE 1. - Gas c o n t e n t  and a c o u s t i c  REPEATABILITY OF RESULTS 
r e s p o n s e  t e s t  r e s u l t s  

The r e p e a t a b i l i t y  of a n  i n d i v i d u a l  gas  
c o n t e n t  e s t i m a t i o n  u s i n g  t h e  a c o u s t i c  
method was i n v e s t i g a t e d  f o r  two d i f f e r e n t  
domal s a l t  samples:  one sample ,  c o l -  
l e c t e d  from a n  o u t b u r s t  a r e a ,  was ex- 
p e c t e d  t o  c o n t a i n  a  l a r g e  q u a n t i t y  of 
g a s ,  w h i l e  t h e  o t h e r  sample was c o l l e c t e d  
from a  r e l a t i v e l y  gas-f r e e  a r e a .  Each 
sample was l a r g e  enough t o  be d i v i d e d  
i n t o  20 e q u a l  s p l i t s ,  and each  s p l i t  was 
t e s t e d  u s i n g  t h e  a c o u s t i c  method. 

Tab le  2 l i s t s  t h e  t e s t  r e s u l t s  from t h e  
sample c o l l e c t e d  i n  t h e  a r e a  t h a t  con- 
t a i n e d  no gas .  The a c o u s t i c  r e s p o n s e s  
when t h e  20 i n d i v i d u a l  s p l i t s  were t e s t e d  
ranged from 50 t o  53 dB. The s p r e a d  of 
t h e  d a t a  can p robab ly  be a t t r i b u t e d  t o  
d i f f e r i n g  g a s  c o n t e n t s  w i t h i n  i n d i v i d u a l  
s p l i t s  and d i f f e r e n c e s  i n  t h e  r e s u l t s  of 
t h e  two t e s t s .  Tab le  2 a l s o  l i s t s  t h e  
t e s t  r e s u l t s  from t h e  sample c o l l e c t e d  
from t h e  o u t b u r s t  a r e a .  The a v e r a g e  

Av a c o u s t i c  
r e s p o n s e ,  dB 

50 
50 
50 
50 
50 
50 
5 1 
52 
53 
53 
53 
53 
55 
56 
58 
65 
67 
67 
74 
76 

T e s t  

l........... 
2........... 
3 ........... 
4........... 
S........... 
6 ........... 
7........... 
8........... 
9........... 
lo.......... 
11.. ........ 
12.......... 
13.......... 
14.......... 
15.......... 
16.......... 
17.......... 
18. ......... 
19.......... 
20.......... 

Gas c o n t e n t ,  
cm3 p e r  100 g 

0.0000 
.0013 
.OOOO 
.OOOO 
.0101 
.OOOO 
. I520 
.6010 

1.1536 
.9734 

2.3036 
.3224 

2.7570 
2.3690 
4.6878 
6.1427 
8.2040 
7.5615 
8.6030 
7.4248 



a c o u s t i c  response from t h e  20 i n d i v i d u a l  
s p l i t s  ranged from 69 t o  75 dB. O v e r a l l ,  
any i n d i v i d u a l  t e s t  r e s u l t  i s  probably  
a c c u r a t e  t o  only  '10 p c t .  

TABLE 2. - R e p e a t a b i l i t y  t e s t  r e s u l t s  

(Av a c o u s t i c  response ,  d e c i b e l )  

T e s t  I Sample w i t h  1 Sample from o u t -  
b u r s t  prone a r e a  

7 2 
73 
73 
72 
73 
7 4  
75 
7 3 
73 
75 
70 
69 
75 
7 5 
7 3 
72 
74 
7 1 
74 
7 5 

1. . . . . . . . .  

IMPACT OF SAMPLE SIZE 

no gas  
5 1 

An experiment was conducted t o  d e t e r -  
mine t h e  impact of sample s i z e  on t h e  
a c o u s t i c  t e s t  method. A l a r g e  domal s a l t  
mine sample was s p l i t  i n t o  10 s m a l l e r  
samples t h a t  ranged i n  s i z e  from 10 t o  
100 g ,  and each  of t h e  samples was sub- 
j e c t  t o  t h e  a c o u s t i c  t e s t  ( t a b l e  3 ) .  
Assuming each  s p l i t  con ta ined  l i k e  quan- 
t i t i e s  of g a s ,  t h e  average a c o u s t i c  
responses  were no t  a f f e c t e d  by sample 
s i z e .  T h e r e f o r e ,  t h e  t e s t  method does 
not  r e q u i r e  c a r e f u l  s e l e c t i o n  of sam- 
p l e s  of e q u a l  s i z e  t o  e n s u r e  meaningful 
r e s u l t s .  

TABLE 3. - Sample s i z e  t e s t  r e s u l t s  

APPLICATION OF TEST RESULTS 

Various  o b s e r v a b l e  f e a t u r e s  i n  domal 
s a l t  mines have been c o r r e l a t e d  w i t h  t h e  
o c c u r r e n c e  of gas-enr iched zones and 
ou tburs t -p rone  a r e a s .  The f e a t u r e s  i n -  
c l u d e  i n c r e a s e d  c r y s t a l  s i z e ,  occluded 
g a s  bubbles ,  c o n t o r t e d  c leavage  s u r f a c e s ,  
and d i s k i n g  of c o r e  samples (11) .  These 
f e a t u r e s  a r e  n o t  c o n s i s t e n t  from mine t o  
mine, and o f t e n  t h e y  a r e  observed on ly  
a f t e r  t h e  gas-enr iched zone i s  i n t e r -  
c e p t e d  by mining. S ince  t h e  gas  c o n t e n t  
of ou tburs t -p rone  s a l t  samples i s  u s u a l l y  
h i g h ,  t h e  a c o u s t i c  t e s t  method can be 
used f o r  advance i d e n t i f i c a t i o n  of t h e s e  
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Each a c t i v e  f a c e  w i t h i n  t h e  mine can be 
sampled on a d a i l y  b a s i s ,  and t h e  r e s u l t s  
can be o b t a i n e d  b e f o r e  p roduc t ion  beg ins .  
Core samples from h o r i z o n t a l  h o l e s  could  
a l s o  be t e s t e d  t o  p rov ide  gas  c o n t e n t  
in fo rmat ion  i n  advance of mining. Where 
mining i s  t o  advance i n  a gas-enr iched 
a r e a ,  a d d i t i o n a l  p r e c a u t i o n s  can be i m -  
plemented t o  reduce t h e  hazards  asso-  
c i a t e d  w i t h  methane emiss ions .  Supple- 
mentary v e n t i l a t i o n  c a p a b i l i t i e s  and 
i n c r e a s e d  awareness of t h e  p o t e n t i a l  
problem can p r e v e n t  p roduc t ion  d e l a y s  and 
l e s s e n  t h e  hazards  a s s o c i a t e d  w i t h  mining 
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zones  and a r e a s .  i n  gas-enr iched and ou tburs t -p rone  a r e a s .  



CONCLUSIONS 

The Bureau of Mines has  developed a  
f i e l d w o r t h y  method f o r  d e t e r m i n i n g  gas  
c o n t e n t s  of domal rock s a l t  samples.  The 
method i s  based on t h e  r e l a t i o n s h i p  be- 
tween occ luded  gas  c o n t e n t s  and a c o u s t i c  
r e s p o n s e s  a s  t h e  samples a r e  d i s s o l v e d  i n  
w a t e r .  The r e l a t i o n s h i p  was de te rmined  
by pe r fo rming  a  power c u r v e  r e g r e s s i o n  on 
c o l l e c t e d  samples from t h r e e  domal s a l t  
mines i n  Lou i s iana .  The a c t u a l  g a s  con- 
t e n t  of t h e  samples was determined by t h e  
d i s s o l u t i o n  t e s t  method and ranged from 
no g a s  t o  8.6030 cm3 p e r  100 3 NaC1o The c o r r e l a t i o n  c o e f f i c i e n t  ( r  ) of t h e  
e s t a b l i s h e d  r e l a t i o n s h i p  i s  0.97. 

M u l t i p l e  t e s t i n g  of l a r g e  domal rock  
s a l t  samples was conducted t o  de te rmine  
t h e  r e p e a t a b i l i t y  of t h e  a c o u s t i c  r e -  
s u l t s .  Two s e p a r a t e  samples were t e s t e d  
t o  e v a l u a t e  r e p e a t a b i l i t y  a t  bo th  low and 
h i g h  g a s  c o n t e n t  va lues .  The a c o u s t i c  
r e s p o n s e s  from t h e  low and h i g h  gas  con- 
t e n t  samples  ranged from 50 t o  53 dB and 
69 t o  75 dBy r e s p e c t i v e l y .  

The impact of sample s i z e  on t h e  acou- 
s t i c  t e s t  was determined by s p l i t t i n g  
a  l a r g e  s a l t  b lock i n t o  10 i n d i v i d u a l  
s p l i t s  t h a t  ranged i n  s i z e  from 10 t o  
100 g. The average  a c o u s t i c  emiss ions  
from t h e  10 s p l i t s  ranged from 69 t o  
72 dB. 

The r e s u l t s  of t h e  a c o u s t i c  t e s t  method 
can be used by mine o p e r a t o r s  t o  a i d  i n  
i d e n t i f y i n g  gas-enr iched zones p r i o r  t o  
t h e i r  i n t e r c e p t i o n  by mining i f  c o r e h o l e s  
a r e  used.  Using g r a b  samples ,  t h e  method 
can a l s o  be used t o  v e r i f y  a r e a s  of h i g h  
gas  c o n t e n t .  S ince  a r e a s  w i t h  h i g h e r  
occluded g a s  c o n t e n t s  can be expec ted  t o  
e x p e r i e n c e  h i g h e r  methane emiss ions  dur-  
i n g  mining,  t h e  t e s t  can a i d  i n  determin-  
i n g  a d d i t i o n a l  v e n t i l a t i o n  needs.  Data 
from t h e  t e s t  can be o b t a i n e d  i n  5  min 
o r  l e s s ,  and a  l a b o r a t o r y  environment 
i s  n o t  n e c e s s a r y  t o  ensure  meaningful  
r e s u l t s .  
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