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INVESTIGATION OF METHANE EMISSIONS FROM AN ADVANCING FACE 
IN THE BELLE ISLE DOMAL SALT MINE, LOUISIANA 

By A. T. lannacchione, G. L. Finf inger, 2 T. M. Kohler, 3 and D. M. Hyman 1 

ABSTRACT 

The Bureau of Mines measured methane emission r a t e s  from an  advancing 
sal t  f a c e  ranging from 15 t o  56 f t 3 / t o n  (0.5 t o  1.8 m3/t) .  Small room 
s i z e ,  use of a continuous miner, and a well-defined v e n t i l a t i o n  system 
made poss ib l e  a i r  v e l o c i t y  and methane concent ra t ion  measurements, 
These measurements, r ep re sen t ing  d a t a  from 18 product ion days,  were con- 
ducted i n  an a r e a  of abnormally low grade s a l t ,  Methane emissions 
occurred pr imar i ly  dur ing  t h e  advance of t he  s a l t  f a c e  by continuous 
miner. 

l ~ e o l o g i s t .  
2 ~ u p e r v i s o r y  g e o l o g i s t  . 
3 ~ i n i n g  e n g i n e e r .  

A l l  a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Research Cen te r ,  Bureau o f  Mines, P i t t s -  
burgh,  Pa. 



INTRODUCTION 

Since  1979 f o u r  of t he  Five I s l ands  
s a l t  mines i n  sou thern  Louis iana have 
been c l a s s i f i e d  a s  "gassy" mines. Com- 
p l i a n c e  wi th  P a r t  57, T i t l e  30 of t h e  
Code of Fede ra l  Regulat ions  i s  p r e s e n t l y  
be ing  i n v e s t i g a t e d  t o  determine i t s  
i n f l u e n c e  on mining p roduc t iv i t y .  Bas ic  
in format ion  on methane emission r a t e s ,  
p h y s i c a l  p r o p e r t i e s  t e s t s ,  and methane 
con t en t  of domal s a l t  mines i s  needed t o  
develop t h e  s a f e s t  and most economical 
way t o  c o n t r o l  methane. 

Bureau of Mines research  i s  c u r r e n t l y  
d iv ided  i n t o  t h r e e  t a sks :  

1. Cha rac t e r i z ing  t h e  q u a l i t y ,  com- 
p o s i t i o n ,  and occurrence of p o t e n t i a l l y  
exp los ive  gases  w i th  r ap id  changes i n  
t h e  geology and geochemistry of domal 
s a l t .  

2. Determining t h e  phys i ca l  p r o p e r t i e s  
of domal s a l t ,  such a s  p r e s su re  g r ad i -  
e n t s ,  permeabi l i ty ,  and gas flow charac- 
t e r i s t i c s .  This in format ion  w i l l  d e t e r -  
mine t h e  p o t e n t i a l s  of d i r e c t i o n a l  
in-mine d r i l l i n g  technology f o r  degassing 
and/or  avo id ing  outburs t -prone a r ea s .  
Outburs t s  , which occur i n  s e v e r a l  Louis i -  
ana s a l t  mines, a r e  a  sudden, v i o l e n t  
r e l e a s e  of occluded gases  and s a l t  under 
high p re s su re  ( 7 )  - .4 

3. Examining d a i l y  methane emissions 
from advancing f a c e s  t o  i d e n t i f y  c o r r e l a -  
t i o n s  wi th  changes i n  product ion r a t e s ,  
a tmospheric  cond i t i ons ,  and geology of 
t h e  advancing face .  Cha rac t e r i za t i on  of 
t h e  most important  f a c t o r s  a f f e c t i n g  
methane emissions from working f ace s  can 
then  be made s o  t h a t  a  s a f e  mining method 
can be e s t ab l i shed .  
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ENGINEERING AND GEOLOGICAL SETTING 

Locat ion of Study Area 

The B e l l e  I s l e  mine, one of a  group of 
f o u r  underground domal s a l t  mines pres-  
e n t l y  ope ra t i ng  i n  sou thern  Louis iana,  i s  
l o c a t e d  19 m i  (30.6 km) sou theas t  of 
F rank l in ,  La. Within t h i s  mine a  d e c l i n e  
i s  being d r iven  from t h e  1,200-ft  (366-m) 
l e v e l  t o  t h e  1,600-ft  (488-m) l e v e l  
( f i g  1 )  . The advancing f a c e  of t h i s  
d e c l i n e ,  which is  being worked by a  con- 
t i nuous  miner, i s  13 f t  (4 m) high by 
35 f t  (11 m) wide. Normal product ion 

f a c e s  i n  domal s a l t  mines a r e  30 f t  (9  m) 
h igh  by 60 t o  160 f t  (18 t o  40 m) wide 
and a r e  advanced by b l a s t i n g  5- t o  15  f  t 
(2- t o  5-m) c u t s  i n t o  t h e  face.  The 
advancing d e c l i n e  i s  i d e a l  f o r  a  methane 
emissions s tudy because of t h e  compara- 
t i v e l y  small room s i z e ,  presence of a  
r i g i d  exhaust  duc t ,  and use  of a  continu- 
ous miner. 

l u n d e r l i n e d  numbers i n  paren theses  re- 
f e r  t o  i tems i n  t h e  l i s t  of  r e f e r ences  
preced ing  t h e  appendix. 



Design and Layout of Sensing System 

The unique engineering design used i n  
developing t h e  dec l ine  f a c i l i t a t e d  t h e  
monitoring of emission r a t e s .  In t ake  a i r  
from t h e  No. 2 s h a f t  e n t e r s  t h e  d e c l i n e  
a t  t h e  1,400-ft ( 4 2 7 3 )  l e v e l  and is  
s p l i t  t o  v e n t i l a t e  t he  dec l ine  up t o  t h e  
1,200-ft (366-m) l e v e l  and down t o  t h e  
advancing f a c e  ( f ig .  1) .  A 30-in (76-cm) 
r i g i d  duct  is used t o  exhaust t h e  a i r  
from t h e  advancing f a c e  of t h e  d e c l i n e  t o  
t h e  1,200-ft  (366-m) l eve l .  Accurate a i r  
v e l o c i t y  and volume ca l cu la t ions  of a i r  
v e n t i l a t i n g  t h e  dec l ine  f a c e  can be made 
by measuring v e l o c i t y  i n s i d e  the  30-in 
exhaust  duct.  

A sens ing  system was modified t o  record  
v e l o c i t y  and methane concent ra t ions  i n  
t h e  exhaust duct as w e l l  as methane con- 
c e n t r a t i o n s  i n  t h e  i n t a k e  en t ry  ( f i g .  2). 
The system i s  comprised of t h ree  methane 
senso r s ,  a son ic  anemometer, a power sup- 

0 400 8 W F t  ply ,  four  ampl i f i e r  u n i t s ,  and four  
I-+-+ s t r i p - c h a r t  recorders  ( f i g .  3).  The 
0 100 200 M 

SCALE 
t h r e e  methane sensors  d e t e c t  methane i n  
t h e  range of 0 t o  1 pct.  Each of t hese  

FIGURE 1. - L o c a t i o n  o f  study area w i t h i n  dec l ine sens ing  heads is  cons t ruc ted  of s t a i n l e s s  
of  B e l l e  I s l e  sa l t  mine, Louisiana. s t e e l  t o  prevent corrosion.  The s o n i c  

Methane sensor and sonic anemometer 
(installed within exhaust duct) 

SCALE LEGEND 
-- Intake air - Exhaust air 

Advancing 
face 

FIGURE 2. - Cross-sectional view of the locations of the instruments used to monitor velocity and 
methane concentrations from advancing decline face. 



FIGURE 4. - Photograph showing the   la cement of the sonic anemometer and methane sensor in  
exhaust tubing. 



anemometer, which employs t h e  vo r t ex  
shedding p r i n c i p l e ,  measures v e l o c i t i e s  
rang ing  from 1,500 t o  10,000 f t /m in  (457 
t o  3,048 m/min) and i s  una f f ec t ed  by a i r  
d e n s i t y  changes. The s o n i c  anemometer 
head and one of t h e  methane s enso r  heads 
were placed d i r e c t l y  i n t o  t h e  exhaust  
t ub ing  ( f i g .  4) .  Another methane s enso r  
was placed d i r e c t l y  i n t o  t h e  i n t a k e  a i r  
s t ream.  A t h i r d  methane sensor  sampling 
a i r  from t h e  exhaust  tub ing  d i d  no t  oper- 
a t e  dur ing  t h e  pre l iminary  i n v e s t i g a t i o n  
because of mechanical problems wi th  t h e  
vacuum pump. 

Geology of t h e  Advancing Face 

Three mappable geo log i ca l  u n i t s  a r e  
represen ted  i n  t h e  s tudy  a r e a  ( f i g .  5).  
The upper o r  sou thern  p o r t i o n  of t h e  
d e c l i n e  is  predominantly a  c l ean  o r  
normal product ion grade s a l t  w i th  occa- 
s i o n a l  dark bands t h a t  a r e  gene ra l l y  
d i f f u s e  i n  d e n s i t y  and l i g h t  gray i n  
co lor .  The s t r i k e  of t h e s e  bands range 
from N 0' N t o  N 50' W i n  t h e  upper o r  
sou thern  ha l f  of t h e  dec l i ne .  The second 
d i s t i n c t  mappable u n i t  ( f i g .  5) has 
t i g h t l y  fo lded  da rke r  bands t h a t  a r e  

b ~ e t h a n e  sensors 

////////////7////////////3/ // / / 

4-8 3-30 4-20 4-24 

3-31 Approximate location per  day o f  
advancing f ace  (month-day ) 

a Locat ion o f  rock sa l t  samples 

White sa l t  wi th  occasional \\ d a r k b a n d s  

\ Dark argi l laceous salt, 
h \ highly banded 

0 20 40 60 Ft * 
0 6 12 18 M 

SCALE 

FIGURE 5. - A plan view of mappable geological  units encountered w i th in  the lower portion of 
the decl ine and location of the advancing face during the 18 production days of 
th is  invest igat ion. 



r e l a t i v e l y  t h i n  [ l  t o  3  i n  (2.5 t o  
7.5 cm)] and become t h i c k e r  [2 t o  12 i n  
(5  t o  30 cm)] towards t h e  lower o r  north- 
e r n  end of t h e  dec l ine .  Occasional ly ,  
dark c l ay  b a l l s  a r e  found i n  t h i s  s a l t .  

The t h i r d  mappable u n i t  comprised t h e  
s a l t  mined dur ing  t h e  methane monitor ing 
s tudy  ( f i g .  5). This  s a l t  u n i t ,  bel ieved 
t o  be p a r t  of an  anomalous zone descr ibed  
by Paine (5) - and Kupfer ( 4 ) ,  i s  shown i n  
f i g u r e  6. The s a l t  uniT encountered i n  
t h e  s tudy a r e a  is cha rac t e r i zed  by 
g r e a t e r  than  30 pc t  dark bands. Much of 
t h i s  u n i t  has  a s  much a s  90-pct dark 
banding. These bands appear t o  be 
a r g i l l a c e o u s  and sha ley .  

The zone had s e v e r a l  smal l  b r ine  seeps  
accompanied by t h e  h i s s i n g  and bubbling 
of gases .  Dark c l ay  b a l l s ,  found 
throughout t h e  u n i t ,  were up t o  approxi- 
mately 6 i n  (15 cm) i n  diameter.  Some of 
t h e  b a l l s  were s l i g h t l y  e longated i n  t h e  
d i r e c t i o n  of banding. A sample of t h e  
dark ,  a r g i l l a c e o u s  s a l t  ( f i g .  7 ) ,  taken 
from t h e  e a s t  r i b  about 40 f t  from t h e  
f a c e  (sample 4 , f i g .  5 ) ,  was analyzed f o r  
occluded gas  conten t  de te rmina t ion  by 
t h e  d i s s o l u t i o n  method (2). The sam- 
p l e  contained approximately 2.2 cm3 
CH4 per  1 0 0 g  (0.7 f t 3 / t o n )  of s a l t ,  
0.3 cm3 CO per  100 g (0.1 f t 3 / t o n ) ,  and 
had a  water- insoluble  r e s idue  of approxi- 
mately 9 wt-pct. Gas-enriched salt  from 
t h e  Five I s l ands  s a l t  domes have occluded 
methane con ten t s  ranging from about 
0.2 t o  10 cm3 pe r  100 g of s a l t  (2).  The 
s a l t  sampled from t h e  s tudy a r e a  popped 
and snapped when broken and/or  d i sso lved  
s i m i l a r  t o  gas-enriched "popping" s a l t .  

Dome contour ~ntervals variable, 
expressed In feet; after Howard (L) 

, 

SCALE 
LEGEND 

------ Trace of black argillaceous salt ------ zone after Paine (5), 
Kupfer (41, and Cargill, Inc. - Trace of darker bands in salt 

a Shaft 

Decline 

F IGURE 6. - Traceof  dark, argillaceous salt zone 
(anomalous zone) within the Be l le  I s l e  salt dome. 

a s s o c i a t e d  wi th  t h e  t r a c e  of a  l a rge-  
s c a l e ,  anomalous zone mapped elsewhere i n  
t h e  dome. It is a low-grade product ion 
q u a l i t y  s a l t .  The occluded methane con- 
t e n t  of t h i s  anomalous s a l t  is  somewhat 
less than t h a t  of s a l t  samples c o l l e c t e d  
from a r e a s  where o u t b u r s t s  have 
occurred. 

The s a l t  encountered i n  t h e  s tudy a r e a  
i s  e s s e n t i a l l y  a  dark,  a r g i l l a c e o u s  s a l t  

METHANE EMISSIONS FROM THE ADVANCING FACE 

Methane was found t o  be emi t ted  from a mined a t  t h i s  f ace  emi ts  a  measurable 
f r e s h l y  mined underground s a l t  f ace  a s  amount of methane, comparisons are made 
w e l l  as from t h e  broken s a l t  being ex- based on t h e  r e l a t i v e  volumes of gas 
t r a c t e d  from t h e  face .  Because t he  s a l t  emi t ted  per  u n i t  weight of mined salt .  



FIGURE 7. - Photograph of the dark, argillaceous salt occurring in the study area. 

The methane emiss ions  s t u d y  covered i n  
t h i s  s t u d y  r e p o r t  spanned 18 p roduc t ion  
days  and s e v e r a l  days of e x p l o r a t o r y  
d r i l l i n g  of t h e  f a c e  from March 30 t o  May 
15 ,  1981. The methane e m i t t e d  p e r  t o n  of 
sa l t  mined ranged from approximately  
1 5  t o  56 f t 3 / t o n  (0.5 t o  1.8 m3/t). Four 
i n t e r e s t i n g  p o i n t s  have been noted d u r i n g  
t h i s  s t u d y :  

1. Methane emiss ions  occur  mainly dur- 
i n g  mining. 

2. Methane c o n c e n t r a t i o n s  are very  low 
d u r i n g  nonmining p e r i o d s .  

3. Methane c o n c e n t r a t i o n s  d e c l i n e  t o  
ve ry  low rates i n  abou t  1 t o  4 h r  a f t e r  
salt  p roduc t ion .  

4 .  Some v a r i a t i o n  i n  methane emiss ion  
r a t e s  o c c u r s  d u r i n g  mining. 

Methane Concen t ra t ions  

Methane emiss ions  were measured by 
r e c o r d i n g  methane c o n c e n t r a t i o n s  w i t h  
t h e  s e n s o r  u n i t s .  Methane was found 
t o  range from 0  t o  0.2 p c t  i n s i d e  
t h e  exhaus t  duc t  ( s e e  appendix) .  No 
measurable  amount of methane w a s  d e t e c t e d  
from t h e  methane s e n s o r  i n  t h e  i n t a k e  
a i r .  

Gas samples from t h e  f a c e  a r e a  col-  
l e c t e d  i n  evacuated 20-1 g l a s s  c y l i n d e r s  
were a n a l y z e  i n  t h e  l a b o r a t o r y  t o  con- 
f i r m  t h e  accuracy  of t h e  methane s e n s o r s .  
Samples were c o l l e c t e d ,  approx imate ly  
1 f t  (0.3 m) from t h e  advancing f a c e  on 
March 28 ,  March 30,  and May 15,  1981. 
Analys i s  from t a b l e  1 were t aken  on a  
weekend s e v e r a l  days  a f t e r  t h e  l a s t  
p roduc t ion  s h i f t .  Table  2 c o n t a i n s  



a n a l y s i s  of gas c o l l e c t e d  immediately Methane concen t r a t i ons  a s  shown i n  
a f t e r  t h e  cont inuous miner was shu t  down t a b l e  1  average 0.0025 pc t .  Because t he  
f o r  lunch. Analysis  of gas  samples col-  methane s enso r s  have a  s e n s i t i v i t y  of 
l e c t e d  from t h e  f a c e  10 days a f t e r  t h e  0.01 p c t ,  t h e  average methane percentage 
d r i l l i n g  of s e v e r a l  exp lo ra to ry  d r i l l  found i n  t a b l e  1  would be recorded a s  
h o l e s  is  shown i n  t a b l e  3. ze ro  from t h e  methane sensor .  

TABLE 1. - Gas a n a l y s i s  from f a c e  a r e a  c o l l e c t e d  s e v e r a l  days a f t e r  t h e  l a s t  
p roduc t ion  s h i f t ,  p c t  

[Sa turday ,  March 28, 1981 (No s a l t  p roduc t ion) ]  

TABLE 2. - Gas a n a l y s i s  from f a c e  a r e a  c o l l e c t e d  immediately a f t e r  a  product ion 
s h i f t ,  pc t  

Sample 
l........................... 
2........................... 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4........................... 
5........................... 
6........................... 
7........................... 
8........................... 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

lo........................... 
ll........................... 

[Monday, March 30, 1981 ( S a l t  p roduc t ion) ]  

Sample 

............................... 
2.............................. 

ND Not de tec ted .  o t h e r  hydrocarbons. 

O Z + N z  
99.03 
99.03 
99.03 
99.02 
99.02 
99.03 
99.03 
99.01 
99.02 
99.03 
99.03 

ND Not de tec ted .  ' o t h e r  hydrocarbons. 
*samples were c o l l e c t e d  d i r e c t l y  from a  t h i n ,  6-in s t ream of gas  and b r i n e  

h i s s i n g  from t h e  face .  

A r  
0.93 

.93 

.93 

.93 

.93 

.93 

.93 

.93 

.93 

.93 

.93 



TABLE 3. - Gas analysis from face area collected after the drilling of several 
exploratory drill holes, pct 

[Friday, March 15, 1981 (Several days after drilling exploratory holes)] 

Gas samples taken immediately after 
production ceased (table 2) have an aver- 
age methane concentration of 0.0328 pct 
(samples 1-9). At the same time, the 
methane sensor (inside the exhaust tub- 
ing) was recording methane concentrations 
of 0.03 to 0.04 pct. Samples 10 and 11 
were collected from a thin stream of gas 
and brine hissing 6 in (15 cm) out from 
the face. This stream contained approxi- 
mately 3 pct methane, ethane, propane, 
and butane, and 0 pct CO. 

Sample 
la............................. 
2.............................. 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.............................. 
5.............................. 
6.............................. 
7.............................. 
8.............................. 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lo.............................. 
................................ 
1 2 ~ ~ .  ........................... 
132... .......................... 
1 4 ~  ............................. 

The third set of gas samples (table 3) 
contains an average methane concentra- 
tion of 0.0151pct. Samples 1 to 11 
were collected several days after drill- 

ND Not detected. ' Other hydrocarbons. 
2~ollected near a 150-ft (45-m) exploratory hole drilled May 5, 1981. 

0, + N, 
99.01 
99.01 
99.02 
99.01 
99.01 
99.01 
99.00 
99.00 

These analyses show the reliability of 
the data generated by the electronic 
methane sensing system. Baseline methane 
sensor readings of zero probably contain 
some trace amounts of methane. If an 
average baseline methane concentration 
of 0.0025 pct is assumed (table l), 
approximately 0.3 f t /min (0.0085 m3 /min) 
of methane will be emitted from the 
freshly cut face. Because emissions of 
0.3 ft3/min (0.0085 m3/min) are insig- 
nificant, this report will avoid fur- 
ther consideration of baseline methane 
emissions. 

Velocitv Determination 

ing the exploratory holes at the face. Velocity inside the 30-in rigid exhaust 
Samples 12, 13, and 14 were collected duct with two fans operating ranged from 
near the 150-ft (45-m) exploratory 2,900 to 3,300 ft/min (15 to 17 m/sec). 
hole. (See section on Exploratory Drill- Air density determinations and velocity 
ing at Face.) 

Ar 
0.93 
-93 
.93 
.93 
.93 
.93 
-93 
.93 

99.01 .0002 .0080 < .0002 
99.03 I 1 1 , / .0028 1 .0004 

CO 
<0.0002 

< .0002 
ND 

< .0002 
ND 

<.0002 
ND 
ND 

C02 
0.05 
.06 
.05 
.05 
.05 
.05 
.05 
.06 

.0004 

.0008 

.0005 

.0003 

CH4 
0.0043 
.0040 
.0035 
.0046 
.0046 
.0054 
.0083 
.0140 

.0078 

.0500 

.0600 

.0333 

CHI 

<0.0002 
.0004 

<.0002 
.0006 

< .0002 
<.0002 
< .0002 
.0006 

ND 
ND 
ND 
ND 

99.01 
98.96 
98.96 
98.97 

.93 
-93 
.93 
.93 

.05 

.06 

.06 
-05 



pressure measurements from pitot tube 33 , 

surveys were used to determine velocity. 
The sonic anemometer was not used to 5 ~ 
determine the velocity of the air in the 
exhaust duct because of a nonlinear 
increase in voltage output with increas- a 

[r 

ing velocity; it did provide a basis for g 1 32 
establishing times of product ion and no 
production. w z 

LT 
Pitot tube surveys were conducted by a m inserting the tube through a small hole 

in the exhaust duct, permitting velocity 
pressure to be measured with a manometer 

3 1 

gage. Six 10-point transverses along a 110 
horizontal and vertical axis were con- 
ducted for each survey. Vel~city pres- 
sure in inches of water is changed into 0 100 

G velocity (feet per minute) by multiplying 
the square root of each velocity pressure 
by 4,000 (3). Average velocities from 90 
six pitot tube surveys were used to cal- a IJJ 

culate an average velocity of 3,100 5 
100 ft/min (16 5 1 mlsec). + 80 

Air density was considered in cal- I I 
culating true velocity. Temperature, 
barometric pressure, and relative humid- 
ity are variables that should be measured  arch+- ~ p r i  I May -4 
to determine density. Temperature and TIME, days 
barometric pressure were measured on a 
daily basis at variable times and are FIGURE 8. - Temperature and barometric pres- 
shown in figure 8. Relative humidity sure measurements recorded in the 
was measured, but the reliability of decl ine during the invest igat ion. 
these data are questionable, so this 
information was not included. Air dens- (0.075 lb/ft3) divided by the measured 
ity ranged from 0.071 to 0.078 lb/ft3. air density (table 4). Air density mea- 
True average velocity was calculated by surements and true average velocity cal- 
multiplying the average velocity of 3,100 culations for each of the 18 production 

100 ft/min (16 ' 1 m/sec) by the square days are given in figures A-1 to A-18. 
root of the standard air density 

TABLE 4. - Air velocity and quantity ranges within exhaust tubing for varying 
air densities 

Air density, 
lb/f t3 

0.071 
.076 
.077 
.078 

True velocity 
Minimum, 

f t/min (mlsec) 
3,100 (16) 
3,000 (15) 
3,000 (15) 
2,900 (15) 

- 
Air quantity 

Maxiumum, 
f t/min (mlsec) 
3,300 (17) 
3,200 (16) 
3,200 (16) 
3,100 (16) 

Minimum, 
f t3/min (m3 Isec) 

15,200 (7) 
14,700 (7) 
14,700 (7) 
14,200 (7) 

Maximum, 
f t3/min (m3/sec) 

16,200 (8) 
15,700 (7) 
15,700 (7) 
15,200 (7) 



The s o n i c  anemometer con t inuous ly  
recorded  approximate c e n t e r l i n e  v e l o c i t y  
w i t h i n  t h e  exhaus t  duct .  The s o n i c  ane- 
mometer was not  used t o  determine veloc- 
i t y  because of non l i nea r  changes i n  out-  
pu t  s i g n a l  wi th  changing v e l o c i t y .  Other 
p o s s i b l e  f a c t o r s  impai r ing  a c c u r a t e  
v e l o c i t y  measurements were p roduc t ion  of 
s a l t  dus t  a t  t h e  f a c e ,  vo l t age  su rge s  
from t h e  ope ra t i on  of o t h e r  e l e c t r i c a l  
f a c e  equipment, and s h o r t  c a l i b r a t i o n  
l i f e .  However, t h e  s o n i c  anemometer was 
u s e f u l  i n  approximat ing t h e  d u r a t i o n  of 
s a l t  product  ion.  Abnormal responses  from 
t h e  ins t rument  a r e  a s s o c i a t e d  wi th  s a l t  
p roduc t i on  ( f i g s .  A-1 t o  A-18). Minutes 
of s a l t  p roduc t ion  time pe r  day a r e  
approximated by adding i n t e r v a l s  of 
abnormal responses  from t h e  s o n i c  
anemometer. 

Methane Emission Rates  

Methane was emi t t ed  from t h e  advancing 
f a c e  a t  a r a t e  ranging from 15 t o  56 f t 3 /  
t on  of s a l t  mined per  day (0.5 t o  
1.8 m3/ t ) .  Methane emiss ion  r a t e s  were 
determined by measuring t h e  t o t a l  quan- 
t i t y  of methane emi t t ed  pe r  day, d e t e r -  
mining a p roduc t ion  r a t e  from tonnage and 
produc t ion  time d a t a ,  and c a l c u l a t i n g  a 
d a i l y  emiss ions  r a t e  pe r  t on  of s a l t  
mined per  day. Each range of d a i l y  emis- 
s i o n  r a t e s  was t hen  added and d iv ided  by 
t h e  t o t a l  number of p roduc t ion  days t o  
determine t h e  average emiss ions  r a t e  f o r  
t h i s  p re l iminary  s tudy.  

Dai ly  methane emiss ions ,  which ranged 
from approximately  1,000 t o  8,000 f  t3 /day 
128.3 t o  226.6 m3/day ( f i g .  9)  1 ,  were 

March-++ Apri I M a y  
TIME, days 

FIGURE 9. - Daily range of methane emissions from the advancing decline. 



c a l c u l a t e d  a s  fol lows.  The percentage of 
methane i n  t h e  exhaust duct was measured 
every 15 min dur ing  a product ion s h i f t  
w i th  t he  sensor  i n s i d e  t h e  tubing. 
The a i r  v e l o c i t y  i n  t h e  duct was consid- 
e r e d  cons tan t  f o r  each product ion day 
( t a b l e  4 ) ,  but methane concentra- 
t i o n  changed cont inuously ( f i g s .  A-1 t o  
A-18). I n s t ead  of assuming a cons tan t  
methane concent r a t i o n  between measure- 
ments, a numerical i n t e g r a t i o n  technique 
known a s  Simpson's r u l e  was used ( 6 ) .  
Simpson's r u l e  i n t e r p o l a t e s  a q u a d r a r i c  
polynomial between each 15-min measure- 
ment of t he  methane concentrat ion.  Each 
of t he se  curves were then  i n t e g r a t e d  and 
t h e i r  r e s u i t i n g  a r ea s  summed t o  e s t ima te  
t h e  t o t a l  amount of methane exhausted 
through t h e  30-in tub ing  dur ing  s a l t  
product ion.  

Methane emission r a t e s  a r e  compared 
wi th  s a l t  product ion r a t e s .  Two inde- 
pendent measurements of product ion r a t e  
were used. One measured t h e  t o t a l  min- 
u t e s  of s a l t  product ion time ( f i g .  l o ) ,  
and t h e  o t h e r  t h e  t o t a l  tons of s a l t  
hauled by the  load-haul-dump (LHD) ma- 
ch ines  ( f i g .  l l ) .  Both s e t s  of d a t a  have 
e r r o r  involved i n  e s t ima t ing  t h e  tons of 
s a l t  mined a t  t h e  face.  Measuring t h e  
minutes of product ion time does not d i f -  
f  e r e n t i a t e  continuous miner down-t ime 
whi le  LHD's a r e  operat ing.  The tonnage 
d a t a  suppl ied  by the  opera tor  was based 
on s a l t  hauled by the  LHD's, not by t h e  
a c t u a l  tons  mined by the  continuous 
miner. 

A more accu ra t e  e s t ima t ion  of t he  min- 
i n g  r a t e  was obtained by comparing d a i l y  
tonnage d a t a  wi th  d a i l y  product ion time 
a s  determined from sensor  system ( f i g s .  
A-1 t o  A-18). Figure 12 i s  a comparison 
of t h e  t o t a l  tons of s a l t  hauled per  day 
by LHD's with t he  t o t a l  minutes of s a l t  
product ion per  day (es t imated  from sensor  
c h a r t s ,  f i g s .  A-1 t o  A-18). These d a t a  
provide a more r e a l i s  t i c  approximation 
of t h e  mining r a t e  of t he  dec l ine  
advancing face.  These c h a r t s  A-1 t o  
A-18 ( s e e  appendix) showed d i sc repanc i e s  
between haulage d a t a  and product ion time 

1 I I 1 1 1 1 
12 16 2 0  2 4  28 

March- April 
TI ME, days 

FIGURE 10. - Methane emission rates from advancing 
decl ine using production time for rate estimates, 

Minutes of production per day were measured from 
charts i n  the appendix (figs, A-1 to A-18). 

~arch4-~pnl d ~ a y  
TIME, days 

FIGURE 11, - Methane emi ssion rates from advancing 
decl ine using tons of salt hauledfor  
rate estimates, Tonnage data was sup- 
p l ied by the operator, 
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FIGURE 12. - A comparison of tonnage (sa l t  hauled) wi th  production t ime (measured from charts) 
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measurements. These d i s c r epanc i e s  a r e  
shown a s  open c i r c l e s  i n  f i g u r e  12. Each 
of t h e s e  d a t a  po in t s  r ep re sen t s  inaccu- 
r a t e  tonnage d a t a ,  because s a l t  was 
e v i d e n t l y  mined but not hauled dur ing  one 
of t h e  two product ion s h i f t s .  I f  t he se  
s i x  misrepresented d a t a  po in t s  a r e  
ignored  and l i n e a r  r eg re s s ion  is  per- 
formed on t h e  remainder, t h e  equa t ion  f o r  
t h e  l i n e  t h a t  be s t  f i t s  t h e  d a t a  can be 
determined. Ca l cu l a t i on  of co r r ec t ed  
tonnage d a t a  i s  done by s u b s t i t u t i n g  
t h e  minutes of product ion f o r  each of 
t h e  s i x  misrepresented d a t a  p o i n t s  i n t o  

- 
- 
- 
- 
- 
- 

0 

- 

t h e  equa t ion  f o r  t h e  l i n e  r ep re sen t i ng  
product ion r a t e  i n  t h e  dec l i ne  ( f i g .  12).  

An approximate methane emissions r a t e ,  
based on t h e  cubic  f e e t  of methane 
emi t t ed  per  t on  of s a l t ,  was then  
c a l c u l a t e d  by d iv id ing  t h e  t o t a l  
methane by t h e  tons  of s a l t  mined 
a t  t h e  f a c e  f o r  each day. These d a t a  
a r e  shown i n  f i g u r e  13. Dashed bars  
i n  f i g u r e  13 r ep re sen t  i n a c c u r a t e  tonnage 
d a t a  determined from comparison of d a i l y  
tonnage d a t a  w i th  d a i l y  product ion time 
( f i g .  12). The d a i l y  range of methane 

- 0 - 
0 - - 

I I I I I 
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FIGURE 14. - Strip-chart recording of methane emissions during d r i l l i ng  of an exploratory drill hole. 

emissions r a t e s  f o r  t h i s  p re l iminary  120 1 I I I I I I I 

i n v e s t i g a t i o n  were 15 t o  56 f t 3 / t o n  
(0.5 t o  1.8 m3/t). 

Exploratory D r i l l i n g  of Advancing Face 

Severa l  explora tory  d r i l l  ho l e s  w e r e  
d r i l l e d  a t  var ious  angles  and l eng ths  ' 6 0 -  

Z 1 
e - 
[r 

W 
Z a f i  1 1  I 
Y - 

I I I I 1 I I O dl 
16 20 24 28 2  

T - 
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i n t o  t h e  advancing f a c e  of t h e  d e c l i n e  
from May 2 t o  May 15, 1981. O n e h o l e  
emi t t ed  a  t o t a l  of between 39,000 and 
49,000 f t 3  (1,104 t o  1,388 m3) of meth- 
ane over  a  3-day period. I n i t i a l  methane 
f lows were approximately 90 t o  100 f t 3 /  
min [0.04 t o  0.05 m3/sec ( f i g .  14) 1,  but 
damped out  t o  minimal amounts a f t e r  
3 days. Methane emission measurements 

8 0 - T  
I - I 

1 

M a r c h ~ A p r ~ I ~ M a y  i n d i c a t e d  t h e  r e s t  of t h e  explora tory  
TIME, days d r i l l  ho l e s  emi t ted  no s i g n i f i c a n t  

FIGURE 13. - Corrected methane emission rates amounts mthane* lists some 
foreachof the18produc+iondays~ a n a l ~ s e s o f  g a s s a m ~ l e s t a k e n  f rom ' - f t  

(0.3 m) i n s i d e  t h i s  150-ft (45-m) explor-  
a t o r y  d r i l l  hole.  
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TABLE 5. - Gas a n a l y s i s  taken approximately 1-ft  (0.3 m) i n s i d e  
t h e  c o l l a r  of a 300-ft (91-m) explora tory  d r i l l  ho le ,  pc t  

(F r iday ,  May 15, 1981) 

ND Not de tec ted .  l o t h e r  hydrocarbons. 
2 ~ o n c e n t  r a t  ions  r ep re sen t  minimum values .  

SUMMARY AND CONCLUSIONS 

Sample 

l........ 
2 ........ 
3 ........ 
4 ........ 

I n  d r i v i n g  a dec l ine ,  t h e  advancing 2. Methane emissions decrease  with 
f a c e  emi ts  methane at a r a t e  ranging from time a f t e r  a product ion s h i f t .  
15 t o  56 f t 3 / t o n  (0.5 t o  1.8 m3/t) .  
Dai ly  methane emissions from t h e  d e c l i n e  3. Methane concent ra t ions  i n  t h e  re- 
were approximately 1,000 t o  8,000 f t 3 /day  t u r n  a i r  were less than 0.01 pct w i t h i n  
(28.3 t o  226.6 m3/day). The average s e v e r a l  hours a f t e r  production. 
p roduct ion  time was approximately 
6.3 hr /day ,  while  t h e  average tonnage was 4. Var ia t ions  i n  methane emission 
105 tons/day.  r a t e s  occur during f a c e  advancement. 

CO 

ND 
ND 
ND 
ND 

The i n v e s t i g a t i o n  showed t h a t :  This s tudy found t h a t  geo logic  and geo- 
chemical c h a r a c t e r i s  t i c s  of domal s a l t  

1. Measurable methane emissions do in f luence  methane emission r a t e s  dur ing  
occur  w i th in  t h e  low-grade s a l t  dur ing  product ion from advancing faces .  
product ion,  
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APPENDIX.--STRIP-CHART DATA OF METHANE SENSOR AND SONIC ANEMOMETER INSIDE 
EXHAUST DUCT DURING THE 18 PRODUCTION DAYS USED TO CALCULATE METHANE 

CONCENTRATIONS, PRODUCTION TIMES, AND EMISSION RATES 

I 8am 10 12noon 2 4 8 10 12 mid 2 
3/30/81 3/31/81 

I - - volteae output 

* No production { P ~ o ~ u c ~ ~ o ~  ~ ~ ~ ~ + P ~ o ~ u c ~ ~ o ~  $ ~ h i f t  change+  production^ No produc.on -C 

FIGURE A-1. - Day 1: A i r  density = 0.077 pcf and average air velocity = 3,100f 100 ft/min. 

10 12 mid 
4 /  1 /81 

* V o l t a g e  output 

FIGURE A-2. - Day 2: Air  density = 0.077 pcf and average air velocity = 3,100 + 100 ft/min. 
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10 12 mid 
4/7/81 

* Voltage output 

M No production Production 

FIGURE A-5. - Day 5: Air density = 0.077 pcf and average air velocity = 3,100 + 100 ft/min. 

I 8 am 10 12noon 2 4 6 pm 8 10 12 mid 
4 / 7/81 4 /  8/81 

I +Voltage output 

No ~ r o d u c t i o n  t ~ r o d u c t i o n t  f-- ~roduclion + shift change f ikEtd- Production production 

~ u n c h  
break 

Production 

F IGURE A-6. - Day 6: Air density = 0.077 pcf and average air velocity = 3,100 + 100 ft/min. 



I 8 am 10 12noon 2 4 6 pm 8 10 12 mid 2 
4 /8/81 4 / 9/81 

I ' -  - t Voltage output 

-No production Producho 5 kyz:: $ Production t::::f rf No productin t production No pro.%tctionf t No production 

Production Production 

FIGURE A-7. - Day 7: Air density = 0.077 pcf and average air velocity = 3,100 + 100 ft/rnin. 

10 am 12 noon 
4 /9 /81 

10 12 mid 2 
4/10/81 

I Vol tage output 

- p r o d u c t i o n i  No 
P r o d . c t i o n i  +Production+ change shift t Production j ~ u n c h t  break Production* No production- 

Lunch 
break 

FIGURE A-8. - Day 8: Air density = 0.076 pcf and average air velocity = 3,100 + 100 ft/min. 



+ V o l t a g e  ou tpu t  - NO product ionf- -  Production -1~hift 1 production NO f production 
-- 

+O tP 
FIGURE A-9. - Cay 9: A i r  densi ty  = 0.077 pcf and average air ve loc i ty  = 3,100 + 100 ft/min. 

I 
8 am 10 12 noon 2 4 6 Pm 8 10 

4/15/81 

I + V o l t a g e  output  

, NO + Production -i No production No production w 

production 
Product ion 

FIGURE A-10. - Day 10: A i r  densi ty  not available, average air velocity = 3,100 2 100 ft/min. 



t 
I 0 
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I 8 am 10 12 noon 2 4 6 Pm 
4/16/81 

' I l - L l r l ~ L l l ~ l l l r l l l ~ ' ~ ~ ' ~ ~ ~ ' t l ~ ~ ' L a L ' A  

+ V o l t a g e  o u t p u t  

FIGURE A-1 1. - Day 11: Ai r  density = 0.071 pcf and average air veloc i ty  =: 3,200 + 100 ft/rnin. 

+Vo l t age  output  t No production t Production f NO production- 

*oQ 
t i -  

Q'O 

+O 

FIGURE A-12. - Day 12: Ai r  density - 0.076 pcf and average ai r  veloc i ty  - 3,1002 100 ft/min. 



I 12 noon 

* 

* V o l t a g e  output  

Production Production Production Production 

FIGURE A-13. - Day 13: Ai r  densi ty  = 0.076 pcf and average a i r  ve loc i ty  = 3,100 2 100 f t l rn in .  

* V o l t a g e  output  

r NO {ROdUction~Lunch production t Shift 1- Production ---I Production t No production -- 
production break change 

Lunch 
break 

FIGURE A-14. - Day 14: A i r  density = 0.076 pcf and average air ve loc i ty  = 3,100 + 100 ft /min. 



I 
12 noon 2 4 6 Pm 8 10 12 mid 

4 / 24/81 4 /2  5/81 

+ Voltage output - 

Shift c h a n g e k  ~roduction 4 Lunch f Production No production - 
break 

Production 

FIGURE A-15. - Day 15: A i r  density not available, average air ve loc i ty  = 3,100 + 100 ft/min. 

I 
l o a m  12noon 2 4 8 10 12 mid 2 

4/27/81 4/28/81 

-No produof~on 1 -/ j ~ r o d u c f i o n t  cE::Ae +- ~ ~ ~ d ~ ~ f i ~ ~ - - f  t + No production , 

f f t t 

FIGURE A-16. - Day 16: A i r  density not available, average air  ve loc i ty  = 3,100 + 100 ft/min. 
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ff V o l t a g e  output 

change 

Production 

FIGURE A-17. - Day 17: Air density = 0.076 pcf and average a i r  velocity = 3,100 2100 ft/rnin. 

I *Voltage output 

Production No production Production I N O t  t t + No production - 
f I production 

Production 

FIGURE A-18. - Day 18: Air density = 0.076 pcf and average a i r  velocity = 3,100 "00 ft/min. 
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