
CHAPTER 4. --COMPUTERIZED MINE MONITORING~ 

4.1 Introduction 

Monitoring systems can have numerous 
uses in the mine. They can aid in the 
efficient management of the mine by pro- 
viding environmental trend data, pro- 
duction and maintenance control, and 
communications. In some cases, they can 
provide justification to petition the 
Mine Safety and Health Administration 
(MSHA) foz a variance of one of the man- 
datory safety standards. They may also 
increase the gross revenues of the mine 
by increasing the amount of coal produced 
or increase profits by reducing the cost 
of producing that coal. 

No single system will satisfy the 
requirement of all mines. Some may re- 
quire simple hard-wired status-reporting 
systems; others, multipurpose computer- 
based systems that collect, analyze, and 
store data and perhaps control some mine 
functions. Even though systems vary in 
complexity, they are all composed of 
three functional components. The first 
component is sensors that measure the en- 
vironmental or production parameters and 
produce an electrical signal that is fed 
into the telemetry. The second is telem- 
etry devices that receive the signal from 
the sensors and transmit it in either an- 
alog or digital format to the third com- 
ponent, analysis and display equipment. 
This equipment receives the transmitted 
signal and either stores it for later 
analysis or displays it. The analysis- 
display equipment ranges from simple 
strip chart recorders with preset alarms 
to computers, cathode-ray tubes (CRT1s), 
and line printers that can also provide 
production reports. 

4.2 Uses of a Mine Monitoring System 

A list of potential uses for 
mine monitoring sys tems , including both 

production-related functions and those 
related to health and safety, was used to 
develop a questionnaire. It was present- 
ed to representatives of the mining com- 
munity to determine their current moni- 
toring priorities. 

The responses indicated that the in- 
dust:ryls priorities fall into the follow- 
ing two categories : 

Production and haulage 

Maintenance 

Second priority-- 

'Ventilation 

Communication 

Fire monitoring 

Personnel 

The survey shows that production- 
oriented systems were the most appealing 
to the questionnaire respondents. Since 
even small improvements in production ef- 
ficiency and maintenance can have a large 
financial impact, the desirability of 
monitoring systems that focus on these 
areas is understandable. 

The results are summarized in table 
4-1, The function that scored 100 was 
viewed as the most beneficial monitoring 
func.tion. 
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TABLE 4-1. - Survey results, weighted rank score 

Output by section.............. Fire: Beltways; a system to 
detect and warn of incipient 
fires in the beltway due to hot 
rollers or other problems..... . Belt monitoring and control.... 

Scheduled routine maintenance.. 
Beltway for intake air; the use 
of improved fire detectors and 
monitoring system so as to 
qualify for a variance and ena- 
ble use of the beltway for in- 
take air....................... 

....... Equipment repair history 

Spare parts inventory.......... 

Assist in diegnosis of failure. 

23. Communication: Station-to- 
station........................ 

Power: Fault location......... 

Face equipment operating time.. 
24. Emergency signaling; direct 

people during any emergency by 
signaling...... ................ Personnel: Shift organization.. 

Ground fault detection......... 
25. Detect leaky stoppings; venti- 

lation monitor to detect open 
doors, blockages in air course, 
and leaky stoppings.. .......... 

Trailing cable failure......... 

..... Power center monitoring... 

Monitor car haulage system..... 

Personnel: Locate skills; 
assist in locating people with 
needed or critical skills...... 

59 26. Personnel: Emergency; assist 
in locating and aiding people 
during an emergency............ 

Ventilation: Eliminate inspec- 
tions; eliminate or reduce 
frequency of some periodic 
inspections. ................... 

58 

28. Ventilation: Control regula- 
tors; monitor ventilation, and 
adjust regulators to improve 
flow distribution........ ...... 

27. Fire: Haulage; detect incipi- ....... ent fires in trolleyways 

.. Communications: Reliability.. 
29. Roof fall prediction; automat- 

ically plot falls and/or micro- 
seismic activity to predict 
roof fall...................... 

Communications: Intelligibility 

.................... Paging..... 

Plan new ventilation; help in 
planning ventilation, including 
new ventilation shafts......... 

Inspection scheduling; alert 
foremen or others to scheduled 
or predictable inspection or ......................... repair 

45 

31. Fire: Gob; monitor gob areas 
for fire....................... 

30. Cage; monitor the operation of 
the cage to predict failures or 
minimize delays. ............... 

.......... 32. Inventory expendables 

.................. 11 33. Rock bursts.. 



Responders were a l s o  asked t o  i n d i -  
c a t e  t h e  r e l a t i v e  importance of o t h e r  
c o s t  and t e c h n o l o g i c a l  f a c t o r s  t h a t  may 
a f f e c t  u s e r  acceptance.  R e s u l t s ,  on a 
100-point s c a l e ,  were 

1. R e l i a b l i t y  of moni to r ing  equip- 
ment i n  mine environment... . . . . .  100 

2. Maintenance cost.. . . . . . . . . . . . . . .  90 

3. I n i t i a l  cost.................... 88 

4. S k i l l s  r e q u i r e d  t o  main ta in  
equipment....................... 75 

5. New technology t o  mining ........ 62 

R e l i a b i l i t y  of t h e  equipment was t h e  
most f r e q u e n t l y  c i t e d  "very important"  
f a c t o r .  

Pet  i t  i ons  f o r  Modi f ica t ion  

Mine moni to r ing  systems can be used 
t o  p rov ide  a cheaper  and s a f e r  a l t e r n a -  
t i v e  t o  s a t i s f y i n g  t h e  mandatory s a f e t y  
s t anda rds  s e t  f o r t h  i n  30 CFR 75, provid- 
ed  t h a t  t h e  a l t e r n a t e  method ( i n  t h i s  
c a s e ,  t h e  moni tor ing system) guaran tees  
no l e s s  t han  t h e  same measure of pro- 
t e c t i o n  a f fo rded  by t h e  s t anda rd  (30 CFR 
44) .  The e x t e n t  t o  which t h e  i n d u s t r y  
c u r r e n t l y  t a k e s  advantage of t h e s e  us- 
age s  can be determined by reviewing t h e  
P e t i t i o n s  f o r  Modi f ica t ion  of Manda- 
t o r y  S a f e t y  s t anda rds  .2 Since v e n t i l a -  
t i o n  r e g u l a t i o n s  appear  t o  be t h e  most 
l i k e l y  cand ida t e s  f o r  mod i f i c a t i on  p e t i -  
t i o n s ,  p e t i t i o n s  were reviewed under sub- 
p a r t  D ,  " V e n t i l a t i o n , "  i n  t h e  fo l lowing  
s e c t i o n s  : 

7 5.305 Weekly examinat ions  f o r  
hazardous cond i t i ons .  

2 ~ o u r c e s  i nc lude  t h e  Federa l  R e g i s t e r  , 
t h e  Bureau of Nat iona l  ~f f  a i r s ,  Inc . ,  
"Mine S a f e t y  and Heal th  Repor te r ,  " and 
t h e  McGraw-Hill 1979 "Guide t o  Modifica- 
t i o n  of Sa f e ty  Standards  i n  Coal Mines." 

75.306 Weekly v e n t i l a t i o n  
examinat ions .  

75.307 Methane examinat ions .  

75.310 Methane i n  v i r g i n  t e r r i t o r y .  

75.326 Ai rcourses  and b e l t  haulage 
e n t r i e s .  

Th is  review i d e n t i f i e d  a number of 
c a s e s  where cont inuous moni tor ing was 
used. i n  a p e t i t i o n  f o r  a va r i ance  and a 
numbler of o t h e r s  t h a t  could have used 
con t inuous  moni tor ing.  Included i n  t h e  
review were p e t i t i o n s  t h a t  were g ran ted  
and p e t i t i o n s  t h a t  were f i l e d ,  but  no t  
a c t e d  upon a s  of t h e  w r i t i n g  of t h i s  re-  
port . .  General  comments on t h e  p e t i t i o n s  
f  011.0~ . 

75.305 Weekly Examinations f o r  Haz- 
ardous Condi t ions .  - This  s e c t i o n  re-  
q u i r e s  weekly i n s p e c t i o n  of a t  l e a s t  one 
e n t r y  of each i n t a k e  and r e t u r n  a i r -  
cou r se ,  i n  i t s  e n t i r e t y ,  f o r  bo th  methane 
and f o r  compliance w i th  t h e  mandatory 
h e a l t h  and s a f e t y  s tandards .  Typica l  
p e t i t i o n s  s t a t e  t h a t  because of poor roof 
c o n d i t i o n s  i t  i s  not  p o s s i b l e  t o  t r a v e l  
t h e  a i r c o u r s e s  i n  t h e i r  e n t i r e t y ,  and 
o f f e r  checkpoint  measurements a s  an a l -  
t e r n a t i v e .  Continuous methane (75.305) 
measurements could be made w i th  a moni- 
t o r i n g  system a t  t h e s e  checkpoints .  Re- 
q u i r e d  a i r f l o w  measurements (75.306) 
could a l s o  be made wi th  t h e  same system. 

Only 1 of t h e  62 p e t i t i o n s  t h a t  were 
g r an t ed  o f f e r e d  cont inuous monitoring.  
An a d d i t i o n a l  20 p e t i t i o n s  were f i l e d ,  
but  t h e r e  was no record  of any f i n a l  de- 
c i s i o n s .  One of t h e s e  p e t i t i o n s  d i d  pro- 
pose t o  i n s t a l l  two methane moni tors  a t  
s p e c i f i e d  po in t s .  

75.307 Methane Examinations. - This  
s e c t i o n  r e q u i r e s  t e s t s  f o r  methane a t  
each working p lace  immediately p r i o r  
t o  e n e r g i z i n g  e l e c t r i c a l l y  opera ted  
equipment. 



One p e t i t i o n  was noted i n  which 
methane moni to r ing  d e v i c e s  were i n s t a l l e d  
on p e r m i s s i b l e  e l e c t r i c  water  pumps i n  
t h e  f a c e  a r e a  t o  e l i m i n a t e  t h e  meth- 
ane  examinat ions  by a  q u a l i f i e d  per-  
s o n  r e q u i r e d  p r i o r  t o  e n e r g i z i n g  t h e  
pumps. 

75.310 Methane i n  V i r g i n  T e r r i -  
t o r y .  - This  s e c t i o n  r e q u i r e s  t h a t  a l l  
e l e c t r i c  power be c u t  o f f  and men 
withdrawn when a i r  r e t u r n i n g  from v i r -  
g i n  mining a r e a s  c o n t a i n s  2% o r  more 
methane. 

Three  p e t i t i o n s  f o r  m o d i f i c a t i o n  
were g r a n t e d  under t h e  s t i p u l a t i o n  t h a t  
con t inuous  au tomat ic  methane moni to r s  
were used i n  t h e  r e t u r n  a s  an a l t e r n a t i v e  
t o  measurements made by c e r t i f i e d  mine 
personne l .  

75.326 Ai rcourses  and B e l t  Haulage 
E n t r i e s .  - This  s e c t i o n  r e q u i r e s  t h a t  en- 
t r i es  used a s  i n t a k e  and r e t u r n  a i r -  
courses  be s e p a r a t e d  from b e l t  hau lage  
e n t r i e s .  

Four teen  p e t i t i o n s  t h a t  were g r a n t -  
ed  and t e n  t h a t  were f i l e d  b u t  no t  a c t -  
ed  upon were reviewed. Of t h e s e ,  seven 
p e t i t i o n s  were g r a n t e d  on t h e  b a s i s  
of con t inuous  moni to r ing  sys tems ,  and 
seven  of t h e  f i l e d  p e t i t i o n s  proposed 
con t inuous  moni to r ing  of carbon mon- 
oxide .  A review of MSHA tests t h a t  
demons t ra te  t h e  "equivalency" of ca r -  
bon monoxide s e n s o r s  and t h e  customary 
po in t - type  h e a t  s e n s o r s  i s  p r e s e n t e d  i n  
r e f e r e n c e  15. 

I n  summary, a t  l e a s t  11 cont inuous  
moni to r ing  systems have been i n s t a l l e d  i n  
U.S. underground c o a l  mines f o r  purposes  
o f  o b t a i n i n g  a  v a r i a n c e  from t h e  manda- 
t o r y  h e a l t h  and s a f e t y  s t a n d a r d s .  E igh t  
a d d i t i o n a l  p e t i t i o n s  f o r  m o d i f i c a t i o n  
mention such systems. 

4.4 Technical  F a c t o r s  

The key t e c h n i c a l  i s s u e s  a r e  whether 
t h e  s e n s o r s  can a c t u a l l y  provide t h e  
needed i n p u t  in fo rmat ion ,  t h e  a b i l i t y  of 
t h e  p r o c e s s i n g  system t o  i n t e r p r e t  cor-  
r e c t l y  t h e  t e lemete red  i n f o r m a t i o n ,  and, 
f i n a l l y ,  o v e r a l l  system r e l i a b i l i t y .  

4.4.1 Sensors 

Sensors  a r e  t h e  c r i t i c a l  element i n  
mine moni tor ing systems s i n c e  they  pro- 
v i d e  t h e  i n p u t  d a t a .  I f  t h e  i n p u t  d a t a  
a r e  n o t  c o r r e c t  o r  a r e  no t  r e p r e s e n t a t i v e  
of t h e  r e q u i r e d  measurement, t h e  e n t i r e  
moni to r ing  p rocess  is  meaningless ,  i .e. ,  
"garbage i n ,  garbage ou t . "  One problem 
w i t h  s e n s o r s  i s  t h a t  t h e i r  o u t p u t  repre -  
s e n t s  t h e  response  of t h e  s e n s o r  t o  a  
number of parameters  i n  a d d i t i o n  t o  t h e  
one t h a t  i s  t o  be measured. Typica l  ex- 
amples a r e  t h e  response  t o  changes i n  
t empera tu re  and t h e  poisoning of environ-  
mental  s e n s o r s  by o t h e r  gases  i n  t h e  
mine. 

The c r i t i c a l  problem r e l a t e s  t o  t h e  
a b i l i t y  of t h e  s e n s o r  a c t u a l l y  t o  measure 
t h e  parameter  of i n t e r e s t .  I n  p a r t i c u -  
l a r ,  v e n t i l a t i o n  moni tor ing systems use  
p o i n t  a i r  v e l o c i t y  measurements t o  r e p r e -  
s e n t  t h e  t o t a l  a i r f l o w  a t  a  c r o s s  s e c t i o n  
i n  t h e  mine. The t o t a l  a i r f l o w  i s  d e t e r -  
mined e i t h e r  from an  e m p i r i c a l l y  d e r i v e d  
f a c t o r  and t h e  p o i n t  measurement o r  from 
a c t u a l  c a l i b r a t i o n  of t h e  c r o s s  s e c t i o n .  
The problem i s  f u r t h e r  complicated be- 
cause  t h e  only  s a f e  l o c a t i o n  f o r  t h e  
s e n s o r  i s  on t h e  r i b  o r  roof i n  t h e  low- 
f low boundary l a y e r .  It i s  p o s s i b l e  t o  
have l a r g e  changes i n  t h e  o v e r a l l  a i r f l o w  
w i t h  l i t t l e  o r  no change i n  t h e  v e l o c i -  
t ies  i n  t h e  boundary l a y e r  and conse- 
q u e n t l y  i n  t h e  s e n s o r  ou tpu t .  The r e a d e r  
i s  r e f e r r e d  t o  r e f e r e n c e  13 f o r  guide- 
l i n e s  f o r  avoidance of t h e s e  problems i n  
a i r f l o w  measurement. 



4.4.2 Telemetry 4.4.3 R e l i a b i l i t y  

The te lemet ry  system o b t a i n s  t h e  
d a t a  from t h e  s enso r ,  conver t s  them t o  a  
s t anda rd  format ,  sends them t o  ano the r  
u n i t  t h a t  r e c e i v e s  them, checks t h e i r  
a u t h e n t i c i t y ,  and then  r e f e r s  them t o  t h e  
ana ly s i s -d i sp l ay  device.  The p r i n c i p a l  
problem i n  t h i s  a r e a  is  d a t a  s e c u r i t y ,  
i . e . ,  t h e  e r r o r  r a t e  f o r  in format ion  
t ransmiss ion .  The problem is  not  s o  much 
t h a t  an e r r o r  i s  t r a n s m i t t e d  but  t h a t  an 
e r r o r  i n  t r ansmis s ion  goes undetected be- 
cause  of t h e  n o i s e  on t h e  t ransmiss ion  
l i n e .  The s e n s i t i v i t y  t o  erroneous d a t a  
t r ansmis s ion  depends upon f a c t o r s  such a s  
t h e  cab l e  used, t h e  l o c a l  no i s e  f i e l d ,  
l e n g t h  of c a b l e  run ,  and d a t a  fo rmat t ing .  

Techniques f o r  d e t e c t i n g  erroneous 
d a t a  t r ansmis s ions  have been devised 
p r i n c i p a l l y  by computer manufacturers.  
Notable among t h e s e  a r e  I B M ' s  synchronous 
d a t a  l i n k  c o n t r o l  (SDLC) and D i g i t a l  
Equipment Corp.'s d i g i t a l  d a t a  communica- 
t i o n s  message p ro toco l  (DDCMP). 

Bureau r e sea rch  (4-5) , 3  i n d i c a t e s  -- 
t h a t  t h e  maximum t ransmiss ion  d i s t a n c e  
f o r  one unde tec ted  random e r r o r  pe r  yea r  
v a r i e s  between 1.3 and 6.8 mi les  i n  an 
average n o i s e  f i e l d ,  and between 0.1 and 
0.6 mi le  i n  an  e s t ima ted  maximum n o i s e  
f i e l d .  Since cab l e  runs a r e  f requent -  
l y  s e v e r a l  m i l e s ,  occas iona l  unde tec ted  
t r ansmis s ion  e r r o r s  can be expected. For 
t y p i c a l  moni tor ing a p p l i c a t i o n s  wi th  f r e -  
quent  d a t a  r e f r e s h ,  t h i s  should no t  be 
a  f a c t o r  t h a t  causes  worry; however, i n  
t h e  case  of c o n t r o l  systems o r  t h e  l e a s t  
f a v o r a b l e  moni tor ing ci rcumstances ,  e r -  
r o r  r a t e s  can be unacceptably h igh ,  and 
c o r r e c t i v e  measures such as more s ecu re  
t r ansmis s ion  systems and improved e r r o r  
d e t e c t i o n  p ro toco l s  a r e  necessary.  

3 ~ n d e r l i n e d  numbers i n  pa ren these s  re-  
f e r  t o  i t ems  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  chap te r .  

The f i n a l  a r e a  of concern is  system 
r e l i a b i l i t y .  The ques t i onna i r e  i d e n t i -  
f i e d  r e l i a b i l i t y  a s  t h e  prime concern. 
The Bureau is c u r r e n t l y  sponsoring re- 
s e a r c h  t h a t  provides  a  methodology f o r  
determining t h e  r e l i a b i l i t y  of systems 
(12 ,  17,  2). This  methodology has  been - - 
used t o  e v a l u a t e  expected f a i l u r e  r a t e s  
of c u r r e n t  mine monitor ing systems. 

R e l i a b i l i t y  i n  moni tor ing systems 
t a k e s  a  number of forms. The f i r s t  is 
mechanical r e l i a b i l i t y  of t h e  components. 
The underground mining environment is no- 
t o r i o u s l y  hard on equipment because of 
wate r ,  d u s t ,  p o t e n t i a l  damage due t o  mov- 
i n g  equipment, and rough handl ing.  
Therefore ,  t h e  enc losures  f o r  remote s t a -  
t i o n s  should be rugged enough t o  with- 
s t and  t h e  day-to-day r i g o r s  t y p i c a l l y  
encountered i n  underground se rv i ce .  The 
enc lo su re s  should have t i g h t  and durab le  
s e a l s  i f  t h e  i n t e r n a l  components a r e  
s e n s i t i v e  t o  mois ture  o r  dus t .  A l l  ex- 
t e r i l o r  swi tches  and bu t tons  should a l s o  
be s ea l ed  o r  be durab le  enough t o  with- 
s t a n d  cons t an t  use  i n  t h e  presence of 
d i r t  and moisture .  Cables should be dur- 
a b l e  enough t o  wi ths tand  occas iona l  rough 
t reatment .  

The second a spec t  of r e l i a b i l i t y  is  
e l e c t r i c a l  power r e l i a b i l i t y .  Since pow- 
e r  outages  a r e  a l l  t oo  common i n  under- 
ground mining, some type of backup power 
o r  u n i n t e r r u p t a b l e  power supply should be 
provided f o r  t h i s  system. Such a  power 
supply is p a r t i c u l a r l y  important  f o r  mon- 
i t o r i n g  systems t h a t  provide e s s e n t i a l  
h e a l t h  and s a f e t y  in format ion  such a s  
main f a n  ope ra t i on ,  f i r e  d e t e c t i o n ,  and 
methane content .  Obtaining t h e s e  d a t a  is  
important  dur ing  t h e  common day-to-day, 
shor t - te rm power ou tages ,  but  i t  is j u s t  
as important  t o  have such in format ion  
du r ing  emergency s i t u t i o n s  such a s  roof 
f a l l s  , f i r e s ,  o r  explosions.  It is a l s o  
r equ i r ed  f o r  s y s  t e m  approval.  



4.5 Commercially A v a i l a b l e  Mine 
Moni tor ing Equipment 

4.5.1 I n t r o d u c t i o n  

The mine moni to r ing  systems d i s -  
cussed  i n  t h i s  r e p o r t  a r e  electromechan- 
i c a l  systems t h a t  remotely  s e n s e  v a r i o u s  
env i ronmenta l  and o p e r a t i o n a l  parameters  
and t r a n s m i t  t h e  d a t a  t o  a  c e n t r a l  loca -  
t i o n  where t h e  d a t a  a r e  analyzed and/or  
d i s p l a y e d .  On t h e  b a s i s  of t h i s  d e f i n i -  
t i o n ,  i t  i s  r e a s o n a b l e  t o  d i s c u s s  t h e  
sys tem i n  terms of t h r e e  b a s i c  f u n c t i o n s :  
s e n s i n g ,  d a t a  t r a n s m i s s i o n  ( o r  t e l e m e t r y )  
and d a t a  a n a l y s i s  and d i s p l a y .  I n  t h e  
c a s e  of moni to r ing  and c o n t r o l  sys tems ,  
such  a s  systems t h a t  a u t o m a t i c a l l y  and 
remotely  d e e n e r g i z e  f a c e  equipment when 
t h e  methane c o n t e n t  a t  a  s p e c i f i e d  l o -  
c a t i o n  reaches  a  predetermined l e v e l ,  
t h e  c o n t r o l  o p e r a t i o n  p r e s e n t s  a  f o u r t h  
f u n c t i o n .  

Sens ing  can be d i v i d e d  i n t o  two gen- 
e r a l  c a t e g o r i e s :  environmental  and oper-  
a t i o n a l  o r  p r o d u c t i o n  sens ing .  The f i r s t  
c a t e g o r y  of s e n s o r s  i s  des igned t o  mea- 
s u r e  v a r i o u s  a s p e c t s  of a  mine 's  environ-  
ment t o  a s s i s t  i n  m a i n t a i n i n g  a  s a f e  en- 
vironment f o r  underground personnel .  The 
paramete rs  t h a t  a r e  o r d i n a r i l y  of concern 
a r e  g a s  ( i . e . ,  carbon monoxide, methane, 
oxygen, e t c . )  c o n t e n t ,  a i r  v e l o c i t y ,  a i r  
t e m p e r a t u r e ,  d i f f e r e n t i a l  p r e s s u r e ,  and 
humidi ty .  T y p i c a l l y ,  t h e  d a t a  a r e  used 
t o  d e t e c t  and l o c a t e   potential!.^ hazard- 
ous  c o n d i t i o n s  ( i . e . ,  f i r e s ,  gas  b u r s t s ,  
e t c . )  s o  t h a t  t h e  a p p r o p r i a t e  measures 
c a n  be taken.  P roduc t ion  s e n s o r s  a r e  
used t o  moni tor  t h e  o p e r a t i n g  s t a t u s  of 
v a r i o u s  p i e c e s  of underground equipment 
t o  d e t e c t  p r o d u c t i o n  b o t t l e n e c k s ,  equip- 
ment m a l f u n c t i o n s ,  maintenance r e q u i r e -  
ments ,  e t c .  Examples of p roduc t ion  pa- 
r a m e t e r s  t h a t  a r e  t y p i c a l l y  of i n t e r e s t  
a r e  b e l t  o u t p u t ,  f a c e  equipment opera- 
t i o n ,  b e l t  s l i p p a g e ,  b lockages ,  and bear-  
i n g  t e m p e r a t u r e s  o r  v i b r a t i o n .  

Telemetry  is  t h e  p r o c e s s  of t r a n s -  
m i t t i n g  t h e  d a t a  o u t p u t  of t h e  s e n s o r s  t o  

t h e  c o n t r o l  c e n t e r  t h a t  i s  u s u a l l y  lo- 
c a t e d  aboveground. The o u t p u t  of t h e  
s e n s o r s  can be e i t h e r  a  s imple  s t a t u s  in -  
d i c a t i o n ,  sometimes c a l l e d  a  b i n a r y ,  con- 
t a c t  c l o s u r e ,  o r  s t a t u s  ou tpu t  (such a s  
high-low, open-closed) o r  i t  can be a  
con t inuous ly  v a r i a b l e  f u n c t i o n  of t ime 
( such  a s  a i r  v e l o c i t y ,  methane concentra-  
t i o n ,  e t c . ) .  While t h e  con t inuous ly  var-  
i a b l e  d a t a  can p rov ide  s i g n i f i c a n t l y  more 
i n f o r m a t i o n  t h a n  t h e  s imple  s t a t u s  d a t a ,  
how much more depends on t h e  accuracy of 
t h e  measurement. 

A s  a  p r a c t i c a l  m a t t e r ,  i t  i s  gener- 
a l l y  no t  f e a s i b l e  t o  r u n  a  s e p a r a t e  con- 
d u c t o r  o r  conductor  p a i r  t o  each sensor .  
Theref o r e ,  t e l e m e t r y  systems t y p i c a l l y  
i n c o r p o r a t e  s e v e r a l  remote s t a t i o n s  o r  
" o u t s t a t i o n s , "  each of which a c c e p t s  and 
encodes t h e  o u t p u t  of a  number of s e n s o r s  
and t r a n s m i t s  t h e  encoded d a t a  a long  a  
common c a b l e  t o  t h e  c o n t r o l  c e n t e r .  The 
two most common encoding t echn iques  a r e  
( 1) frequency domain m u l t i p l e x i n g  and ( 2 )  
t i m e  domain mul t ip lex ing .  Frequency do- 
main m u l t i p l e x i n g  has  t h e  advantage t h a t  
d a t a  from a l l  moni tor ing p o i n t s  a r e  re -  
c e i v e d  a t  a l l  t i m e s ,  a l though  t h e  number 
of moni to r ing  p o i n t s  i s  l i m i t e d  by t h e  
o v e r a l l  bandwidth of t h e  system. Time 
m u l t i p l e x i n g  can be expanded, a t  l e a s t  i n  
p r i n c i p l e ,  t o  accommodate a s  many moni- 
t o r i n g  p o i n t s  a s  d e s i r e d .  However, each 
p o i n t  i s  sampled on ly  i n t e r m i t t e n t l y  
( i e ,  t h e  r e c e i v e r  o b t a i n s  d a t a  from 
on ly  one moni tor ing p o i n t  a t  a  t ime)  
s i n c e  t h e  system i n t e r r o g a t e s  t h e  moni- 
t o r i n g  p o i n t s  s e q u e n t i a l l y .  The c y c l e  
t i m e ,  o r  t ime between s u c c e s s i v e  Sam- 
p l i n g s  of t h e  same p o i n t ,  is  t h e  t ime t h e  
sys tem r e q u i r e s  t o  i n t e r r o g a t e  a l l  of t h e  
moni to r ing  p o i n t s .  

Time mul t ip lexed  systems,  t h e  more 
common of t h e  two, o f t e n  t r e n s m i t  d a t a  i n  
t h e  d i g i t a l  format .  That i s ,  a  s e r i e s  of 
high-low s t a t e  i n d i c a t i o n s  is  t r a n s m i t t e d  
t o  i n d i c a t e  t h e  s t a t u s  of t h e  moni tor  
p o i n t .  A common techn ique  t o  accomplish  
t h i s  t r a n s m i s s i o n  is  t o  u s e  f requency 
s h i f t  key (FSK) encoding. Th is  encoding 



process  u se s  two d i f f e r e n t  f r equenc i e s  
( f o r  example, 3,000 and 2,000 Hz) t o  rep- 
r e s e n t  t h e  h igh  and low s t a t e s ,  r a t h e r  
t han  high and low l e v e l  s i g n a l s  of t h e  
same frequency. The FSK encoded d a t a  a r e  
l e s s  a f f e c t e d  by n o i s e  on t h e  t ransmis-  
s i o n  l i n e  than d a t a  t r ansmi t t ed  i n  s imple  
high-low d i g i t a l  format.  I n  a d d i t i o n ,  
c u r r e n t  s i g n a l  d e t e c t i o n  techniques  make 
i t  very easy  t o  d e t e c t  s i n g l e  frequency 
s i g n a l s  i n  t h e  presence  of noise .  

The t h i r d  b a s i c  func t i on  of a moni- 
t o r i n g  system is  t h e  a n a l y s i s  and d i s p l a y  
of  t h e  measured da ta .  These ope ra t i ons  
a r e  normally accomplished i n  an above- 
ground c o n t r o l  c en t e r .  Most of t h e  sys-  
tems have t h e  a b i l i t y  t o  t r i g g e r  audio- 
v i s u a l  alarms i f  a s enso r  d e t e c t s  t h a t  
i t s  predetermined t h r e sho ld  (such a s  1% 
methane i n  a r e t u r n  a i rway)  has been ex- 
ceeded. Most of t h e  systems can a l s o  
prov ide  hard copy documentation of t h e  
a larms and d i s p l a y  t h e  a c t u a l  va lues  de- 
t e c t e d  by t h e  s e n s o r s ,  e i t h e r  on meters  
o r  CRT's. The computer-based systems 
have t h e  added c a p a b i l i t y  of d a t a  s t o r a g e  
f o r  t r end  a n a l y s i s ,  record  keeping,  and 
r e p o r t i n g .  

I n  t h e  fo l lowing  d i s cus s ion  on com- 
m e r c i a l l y  a v a i l a b l e  equipment, a d i s t i n c -  
t i o n  i s  made between t h e  system s u p p l i e r s  
and t h e  s enso r  s u p p l i e r s .  The d i s t i n c -  
t i o n  is  made s i n c e  i n  many ca se s  t h e  
system s u p p l i e r  expec ts  t h e  mine t o  
s e l e c t  no t  only t h e  parameters t o  be 
monitored but  a l s o  t h e  sensors  t o  be 
used. The system s u p p l i e r  then config-  
u r e s  a moni tor ing system us ing  bo th  in-  
house hardware and hardware from o u t s i d e  
s u p p l i e r s  t o  provide t h e  mine w i th  t h e  
d e s i r e d  informat ion.  Ord ina r i l y ,  t h e  da- 
t a  t e lemet ry-ana lys i s  and d i s p l a y  equip- 
ment i s  t h e  s u p p l i e r ' s  own brand, whi le  
t h e  s enso r s  a r e  ob ta ined  from o u t s i d e  
companies. I n  most c a se s ,  t he  s u p p l i e r  
w i l l  assume " f u l l  system r e s p o n s i b i l i t y . "  
That i s ,  i t  w i l l  n o t  only provide t h e  
te lemet ry-ana lys i s  and d i s p l a y  equipment, 
b u t  w i l l  a l s o  ensure  proper  i n t e r f a c e s  
f o r  any s enso r s  s e l e c t e d  by t h e  mine, 
p rov ide  sof tware  t o  p rocess  t h e  d a t a ,  

and a s s i s t  t h e  mine dur ing  i n s t a l l a t i o n ,  
t e s t i n g ,  and ope ra to r  t r a i n i n g .  The 
c o s t s  f o r  t h e s e  s e r v i c e s ,  however, may 
sometimes be broken ou t  s e p a r a t e l y  from 
t h e  hardware cos t s .  For mines t h a t  pre- 
f e r  t o  u se  in-house personnel  f o r  t he se  
t a s k s ,  systems s u p p l i e r s  t h a t  r e s t r i c t  
themselves t o  providing t h e  hardware 
a lone  may be worthwhile. 

4.5.2 Telemetry-Analysis and Display 
Sys tems 

Table 4-2 summarizes t he  major mine 
monitor ing systems c u r r e n t l y  a v a i l a b l e  i n  
t h e  United S t a t e s .  Three of t h e  systems,  
Davis ,  Hawker S idde ley ,  and Transmit ton,  
were o r i g i n a l l y  based on t h e  MINOS system 
developed by t h e  Nat ional  Coal Board i n  
Great B r i t a in .  Systems o f f e r e d  f o r  s a l e  
i n  t h e  United S t a t e s  may, however, d i f f e r  
from t h e  o r i g i n a l  MINOS system. Most of 
t h e  systems have t h e  capac i t y  f o r  accept-  
i n g  i npu t  from a wide v a r i e t y  of environ- 
mentall and product ion sensors .  An i n d i -  
c a t i o n  of t h e  ex t ens ive  use of moni tor ing 
s y s t e m  abroad can be ob ta ined  by compar- 
i n g  t:he U. S. - fo re ign  i n s  t a l l a t  i ons  f o r  
t h e  two B r i t i s h  systems. While t h e s e  
systems a r e  used ex t ens ive ly  abroad, they 
a r e  j u s t  beginning t o  be accepted i n  t h e  
United S t a t e s .  

A s  d i scussed  prev ious ly ,  most of t h e  
systems use  an FSK format f o r  d a t a  t r a n s -  
missi-on. The except ions  a r e  Conspec, 
Mundi-x, and Transmit ton,  which use a 
d i r e c t  binary t ransmission.  

While t h e  range i n  t h e  number of 
moni tor ing p o i n t s  and cab l e  l eng th  is 
s u b s t ~ a n t i a l ,  most systems should provide 
s u f f i c i e n t  c apac i t y  f o r  t y p i c a l  usage. 

I n  terms of system c o s t s ,  one 
manufacturer  uses  a "rule-of-thumb" of 
$50,000 f o r  t h e  c e n t r a l  s t a t i o n  and 
$20,000 per  mine s ec t i on .  

The f i n a l  ca tegory  of t a b l e  4-2 in-  
d i c a t e s  which s u p p l i e r s  u s u a l l y  assume 
o v e r a l l  system r e s p o n s i b i l i t y .  



TABLE 4-2. - Mine monitoring systems currently available in the United States 

I Aquatrol 

Current installations: 
Coal mining............. 
Metal-nonmetal mining... 
Other industries........ 

Specifications: 
Data transmission....... 
Maximum number of moni- 
toring points. 

Cable (number of con- 
ductors). 

Maximum cable miles.. 
length. 

Power requirements, V: 
Ac.................... 
Dc.................... 

Cost, thousand dollars: 
Central station......... 
Outstation.............. 

FSK 
NA 

Overall system 
responsibility. 

Current installations: ... Coal mining.......... 
Metal-nonmetal mining... 
Other industries........ 

Specifications: 
Data transmission....... 
Maximum number of moni- 
t oring points. 
Cable (number of con- 
ductors). 

Maximum cable miles. . 
length. 

Power requirements, V: 
Ac.................... 
D~eeeeeeeeeeeeeeeeem 

Cost, thousand dollars: 
Central station......... 
Outstation.......... .... 

1 
0 
0 

FSK 
72,000 

2+S 

8 

110 
12 

Conspec 

4 
12 

Several 

DB 
768 

4+S 

'0.8 

110 
12 

25 
0.25 

Yes 

Mundix 

Davis 

- -- 

1 
0 
0 

FSK 
15,080 

2+s 
4+S 
20 

110 
NAP 

100 
25 

Yes 

Out okompu 

0 
1 

>loo 

FSK 
Unlimited 

2+S 

>6 

110 
24 

FSK 
26,400 

2+S 

20 

Giangarlo 

14 
0 
8 

Yes l Yes 

Hawker 
Siddeley 

>lo0 
NA 
NA 

1 
0 

100 

FSK 
4128 

2+S 

>10 

NAP 
12 

R.F.L. 

0 
1 

>loo 

FSK 
8,192 

2+S 
4+S 
'2 

110 
12 

Sangamo 
Wes ton 

Kidde 

4 
0 

100 

FSK 
1,024 

1+S 
Coax. 

10 

110 
NAP 

75-100 
3-4 

Yes 

Trans- 
mitton 

200 
0 
0 

DB 
1 7,392 
I 

4+S 

10 

I 

110 
NAP 

Overall system 1 Not I yes 1 yes l~ot 1 ~ o t  I yes 

FSK Frequency shift key. NAP Not applicable. 
l~xtendable. 31ncludes CO monitor. 
2~igital inputs. 4// per station. 

responsibility. I normally. 1 I normally.I normally.I 
DB Direct binary. NA Not available. S Shield. 



4.5.2a Systems S u p p l i e r s  

The system i s  t y p i c a l l y  purchased 
from a  vendor who w i l l  supply  t h e  
t e l e m e t r y - a n a l y s i s  and d i s p l a y  equipment. 
S i n c e  t h i s  vendor w i l l  u s u a l l y  a s k  t h e  
mine o p e r a t o r  t o  s p e c i f y  t h e  s e n s o r s  used 
i n  t h e  sys tem,  s e n s o r  o p e r a t i n g  p r i n c i -  
p l e s  and a v a i l a b l e  s e n s o r s  a r e  d i s c u s s e d  
separ ' a t e ly  . 

A l l  of t h e  systems s u p p l i e r s ,  w i t h  
t h e  e x c e p t i o n  of R.F.L., p rov ide  com- 
puter-based systems w i t h  p r i n t e r s ,  CRT's, 
s o f t w a r e  packages and a u x i l i a r y  power 
i n  c a s e  of main mine power f a i l u r e .  The 
l i s t i n g  i s  of n e c e s s i t y  incomple te ,  i t  
does  no t  r e p r e s e n t  endorsement by t h e  
Bureau of Mines, nor  i s  r e s p o n s i b i l i t y  
assumed f o r  any e r r o r s  t h a t  may have 
o c c u r r e d  i n  sys tem performance d e s c r i p -  
t i o n s .  Much of t h e  m a t e r i a l  was ab- 
s t r a c t e d  from te lephone  c o n v e r s a t i o n s  
w i t h  and b rochures  r e c e i v e d  from t h e  
des igner -manufac tu re r s .  

Aqua t ro l  Corp. 
2258 Terminal Road 
S t .  P a u l ,  MN 55113 
(612) 636-3950 

A q u a t r o l  Corp. markets  a n  I n t e l  
8085-based moni to r ing  and c o n t r o l  sys tem 
t h a t  i s  s o l d  p r i m a r i l y  t o  water t r e a t m e n t  
f a c i l i t i e s .  It h a s  f u l l  sys tem c a p a b i l -  
i t y  i n c l u d i n g  c o l o r  CRT, p r i n t e r ,  and 
262,000 random-access memory (RAM) f l o p p y  
d i s k  s t o r a g e .  The system w i l l  accommo- 
d a t e  up t o  98 o u t s t a t i o n s  on t h e  master 
t r u n k ,  w i t h  up t o  18 d a t a  channe l s  p e r  
o u t s t a t i o n .  Each channe l  can  be a n a l o g ,  
r e s o l v e d  t o  12 b i t s ,  o r  t h e  12-bi t  d i g i -  
t a l w o r d  can  be t r e a t e d  a s  i n d i v i d u a l  
b i n a r y  l e v e l  i n p u t s .  

S i m i l a r l y ,  each  o u t s t a t i o n  can out-  
p u t  up t o  6  ana log  channe l s  o r  12 b i n a r y  
d r i v e  l e v e l s  f o r  each  ana log  channe l  less 
t h a n  6. 

The c a b l e  i s  two-conductor v o i c e  
g r a d e ,  o p e r a b l e  t o  5,000 f t  o r ,  w i t h  a n  
e x t e n d e r ,  f u r t h e r .  Power i s  110-volt a c  
o r  12-volt  dc  f o r  bo th  t h e  c e n t r a l  o r  t h e  
remotes.  

Telemetry is  a t  300 baud u s i n g  
RS232C format .  

A t r a i n i n g  program about a  week long 
i s  o f f e r e d  a t  t h e i r  p l a n t .  They w i l l  
assume system r e s p o n s i b i l i t y  and quo te  a  
maintenance c o n t r a c t  i f  d e s i r e d .  

Conspec C o n t r o l s ,  Inc.  
901 Fuhrmann Blvd. 
B u f f a l o ,  NY 14203 
(7  16) 854-4769 

The Conspec S e n t u r i o n  S e r i e s  200 
moni to r ing  system c o n s i s t s  of a  c e n t r a l  
p r o c e s s o r  t h a t  h a s  a  CRT d i s p l a y  and key- 
board., two p r i n t e r s ,  one o r  more " d a t a  
c o n c e n t r a t o r s ,  " which a r e  i n t e r f a c e  de- 
v i c e s ' ,  and a  c a p a b i l i t y  f o r  up t o  768 
sensi .ng (moni to r ing  and /or  c o n t r o l )  
p0int .s  on any of f o u r  t r u n k s ,  each capa- 
b l e  of c a r r y i n g  128 l o c a t i o n s .  A t  t h e  
sensing l o c a t i o n ,  t h e  e l e c t r o n i c s  neces- 
s a r y  t o  i n t e r f a c e  a  s e n s o r  o n t o  t h e  t r u n k  
( incl -uding e n t e r i n g  i t s  a d d r e s s )  a r e  
housed on a  4- by 6-inch a c c e s s o r  c a r d ,  
which i n  many c a s e s  is  i n c o r p o r a t e d  i n t o  
t h e  s e n s o r  package. 

Transmiss ion i s  over  four-conductor  
c a b l e ;  two f o r  power and two f o r  s i g n a l .  
The power r e q u i r e d  is  up t o  30 v o l t s  dc ,  
and t h e  maximum end-to-end l e n g t h  is  
4,000 f t .  I f  g r e a t e r  d i s t a n c e s  a r e  re- 
q u i r e d ,  a  t r u n k  e x t e n d e r  can be used;  
powered by 110 v o l t s  a c ,  i t  p e r m i t s  oper-  
a t i o n  t o  40,000 f t .  A 600-baud ( b i t  p e r  
second)  FSK te lephone  modem i s  a l s o  
a v a i l a b l e .  

Data t r a n s m i s s i o n  i s  i n  a no i se -  
r e s i s t a n t  b i n a r y  format.  There are no 
remote s t a t i o n s ,  o t h e r  t h a n  t h e  a c c e s s o r  
a t  each measurement l o c a t i o n .  E i t h e r  
b i n a r y  o r  ana log  d a t a  can be t r a n s m i t t e d .  

Disp lay  i s  i n  a  20-character  a lpha-  
numeric format  (20 le t ters  o r  numbers) s o  
t h a t  i n t e r p r e t a t i o n  i s  s i m p l i f i e d .  A 
compilete s o f t w a r e  package is  o f f e r e d  t h a t  
h a s  t h e  c a p a b i l i t y  t o  a la rm on t h r e s h o l d s  
and s e t  high-low p o i n t s .  S e t  p o i n t s  can 
be e n t e r e d  from t h e  keyboard. There i s  
c e n t r a l  r e s e t  of remote p o i n t s ,  a pro- 
gramed r e s t a r t  o r  load-shedding f e a t u r e ,  



t ime of day o r  week programing, and se -  
quencing i n i t i a t e d  by a la rm o r  keyboard 
e n t r y  . 

Alarm s t a t e s  a r e  p r i n t e d  and d i s -  
p layed s e p a r a t e l y .  Rout ine  i n f o r m a t i o n  
such  a s  end of s h i f t  r e p o r t s  may a l s o  be 
genera ted .  

S tandard  a c c e s s o r s  a v a i l a b l e  i n c l u d e  
i n t e r f a c e s  f o r  t h e r m i s t o r s ,  p r e s s u r e ,  
RTD, power, c u r r e n t  (4-20 mA, 0-5 v o l t s ,  
0-1 m A ) ,  p o t e n t i o m e t e r ,  a l a rm s t a t e s ,  
two- o r  t h r e e - s t a t e  load  c o n t r o l ,  and 
e l e c t r i c a l  demand. 

John Davis and Sons (Derby) Ltd. 
Alf e t o n  Road 
Derby DE2 4AB 
England 

S e r v i c e  Machine Co., Inc .  
Box 8177 
6072 Ohio River  Road 
Hunt ington,  WV 25702 
At tn :  M r .  J. H. Nash 

Davis of Derby o f f e r s  a  d a t a  t r a n s -  
m i s s i o n  system c o n s i s t i n g  of a  s u r f a c e  
m a s t e r  s t a t i o n  w i t h  two v ideo  d i s p l a y s ,  a  
c o n t r o l  keyboard,  and a  communications 
swi tchboard.  A s s o c i a t e d  w i t h  t h i s  cen- 
t r a l  s t a t i o n  a r e  up t o  127 o u t s t a t i o n s ,  
e a c h  capab le  of moni to r ing  up t o  40 
t r a n s d u c e r s .  I n t e r c o n n e c t i o n  i s  by e i -  
t h e r  two- o r  four-conductor  s h i e l d e d  ca- 
b l e .  Telemetry i s  accomplished d i g i t a l l y  
w i t h  FSK coding.  

O u t s t a t i o n s  can be wi red  t o  accommo- 
d a t e  p r e s t a r t  warning,  b e l t  s l i p ,  and 
o t h e r  t r a n s d u c e r s ,  i n c l u d i n g  t empera tu re  
and p r e s s u r e .  

V i r t u a l l y  a l l  Davis of Derby under- 
ground equipment i s  housed i n  f lameproof 
h o u s i n g s ,  and most c i r c u i t r y  i s  des igned  
t o  be i n t r i n s i c a l l y  s a f e .  C e r t i f i c a t i o n  
and d e s i g n  a r e  t o  i n t e r n a t i o n a l  s t a n -  
d a r d s ,  such a s  Cenelec  Standard 50 020 
and IS1902 Class  I. C i r c u i t r y  i s  low- 
power CMOS. Standby b a t t e r y  power i s  
a v a i l a b l e  w i t h  a u t o m a t i c  changeover.  

A v a r i e t y  of system c o n f i g u r a t i o n s  
i s  a v a i l a b l e .  O u t s t a t i o n s  have been 
des igned  p r i m a r i l y  f o r  hau lage ,  machin- 
e r y  moni to r ing ,  and communication. For 
example, t h e  t y p e  25200 equipment LC- 

c e p t s  e i g h t  thermal  probes  and two o t h e r  
t r a n s d u c e r s ,  such a s  p r e s s u r e  and flow. 
Thresholds  a r e  s e t  l o c a l l y  w i t h  a  poten- 
t i o m e t e r .  Such a  u n i t  would be appropr i -  
a t e  a s  a  compressor,  f a n ,  o r  pump moni- 
t o r .  There a r e  l o c a l  and remote s t o p  
modes. 

S i m i l a r l y ,  t h e  FMSl type  25000 ac- 
commodates s i x  t r a n s d u c e r  i n p u t s ,  and has  
s i x  r e l a y  o u t p u t s  f o r  i n d i c a t i o n  and /or  
c o n t r o l .  It can perform l e v e l  d e t e c t i o n ,  
t empera tu re  d e t e c t i o n ,  and t ime d e l a y  
f u n c t i o n s .  A p p l i c a t i o n s  l i s t e d  i n c l u d e  
hau lage ,  bunker,  pump, and r e f r i g e r a t i o n  
p l a n t  moni tor ing.  It i s  powered w i t h  
110-volt  main power. 

Other communication, conveyor con- 
t r o l ,  and s i g n a l i n g  d e v i c e s  a r e  a l s o  
o f f e r e d .  

Giangar lo  S c i e n t i f i c  Company, Inc.  
2500 Baldwick Road 
P i t t s b u r g h ,  PA 15205 
(412) 922-8850 

The Giangar lo  system c o n s i s t s  of a  
c e n t r a l  p r o c e s s o r  w i t h  a s s o c i a t e d  o u t s t a -  
t i o n s .  The o u t s t a t i o n s  a r e  microcomputer 
c o n t r o l l e d  and a r e  capab le  of a c c e p t i n g  
up t o  f i v e  i n p u t  boards.  Each board may 
c o n s i s t  of e i t h e r  8 ana log  i n p u t s ,  16 
d i g i t a l  i n p u t s ,  o r  8 r e l a y  i n p u t s ,  and 
each  board has  l i g h t - e m i t t i n g  d iode  (LED) 
s t a t u s  lamps f o r  t r o u b l e s h o o t i n g .  There 
i s  b a t t e r y  backup power. Telemetry  re- 
q u i r e s  a  three-conductor  s h i e l d e d  c a b l e  
w i t h  d a t a  packaged i n  an ASCI I1 s e r i a l  
FSK d i g i t a l  fo rmat ,  run a t  300 t o  1,200 
baud. Remote s t a t i o n s  can a la rm on t h e i r  
own, w i t h  v i s u a l  and a u d i b l e  a larms.  

A t  t h e  c e n t r a l  computer, s o f t w a r e  
i s  a v a i l a b l e  t h a t  w i l l  u s e  redundancy 
checks  of d a t a  t o  i d e n t i f y  f a u l t y  t r a n s -  
miss ion .  It can d i s p l a y  d a t a ,  s e t  remote 
a la rm t h r e s h o l d s ,  and perform c o n t r o l  



functions. Central computer alarms are 
independent of remote alarm status. 

There is provision for interface 
from the central computer to a teletype, 
CRT display, disk memory, or another 
computer. 

Input parameters that might be 
measured and transmitted to the central 
station include carbon monoxide, carbon 
dioxide, methane, temperature, air veloc- 
ity, radon, belt slippage, belt speed, 
weight, pressure, power, etc. 

Hawker Siddeley Dynamics 
Engineering Ltd. 
Manor Road 
Hatfield, Hertfordshire ALlO 9LY 
England 
Hatfield (07072) 68234 

United Technologies Bacharach 
301 Alpha Drive 
Pittsburgh, PA 15238 
Attn: Mr. David M. Nelson 
(412) 784-2137 

Hawker Siddeley is one of the quali- 
fied manufacturers of the MINOS system. 
It offers systems for environmental moni- 
toring, conveyor and bunker control and 
monitoring, and mine cage monitoring. 
The "Dynalink" system for conveyor con- 
trol and monitoring consists of a surface 
control center with provision for local 
control and monitoring or for remote 
control from the remote station. Out- 
stations are connected to the central 
station with six-conductor cable at dis- 
tances up to several miles. Sixteen 
outstations can be carried on one cable, 
and seven cables can be accommodated 

The control station has a dual visu- 
al display. Monitored data, or change of 
state, or even mimic diagram graphics can 
be displayed. The central computer is a 
DEC PDP 11/34 or CAI ALPHA LS1-2/20G. 
Microprocessors used are Intel 8080 and 
8085. There is dual control with auto- 
matic switchover for reliability. 

Each outstation can accommodate 32 
input channels, expandable in increments 

of eight. Power is 110 volt, 50 Hz, or 
any standard mine supply. 

The bunker-conveyor monitoring and 
control system can automate haulage from 
the vicinity of the face to the sur- 
face, including bunker monitoring and 
metering. 

Their mine cage monitor maintains 
the cage within speed and distance lim- 
its, comparing cage performance to a de- 
sired operation profile every 0.1 sec and 
making the appropriate corrections. 

The environmental monitor can accept 
eith.er analog or digital inputs from 
sensors such as anemometers, methanom- 
eters, pressure sensors, and bearing tem- 
pera.ture probes. 

Kidde Automated Systems 
(Formerly S.R. Smith Co., Inc.) 
7256 County Line Road 
Deerfield, IL 60015 
(312) 272-8012 

The SoRm Smith System uses a remote 
"data collection panel" architecture, 
Each remote station is capable of receiv- 
ing up to 16 contact closure inputs. The 
remote stations also contain relays that 
are capable of control functions such as 
starting-stopping belts. A new system 
has a capability for the transmission of 
analog levels, 

The central computer facility uses 
Digital Equipment Corp. display and anal- 
ysis equipment. A CRT displays informa- 
tiorl from any of 1,024 monitor points, 
conrlected to any of 64 remote stations 
per channel. Telecommunication is over a 
two--wire pair, or coaxial line, or 3002 
Telco for each channel. 

A complete interactive software 
package is available that displays alarms 
in a prioritized list. Data are also 
printed on a high-speed printer, as an 
aid to failure diagnosis and as a perma- 
nent record. Up to 700 characters of 
description and instruction are possible 
per alarm point. 



Intended applications include belt 
monitoring (slip, alignment, power, chute 
plugging, etc.), power center monitoring 
(breaker position, voltage in range, open 
ground, etc.), environmental monitoring 
(methane within limits, air velocity 
within limits, etc.), fire monitoring, 
and fan monitoring (operating, tempera- 
ture in range, etc.). The system can be 
used with a card reader to control and 
monitor people underground or in a con- 
trolled area. 

Mine Safety Appliances Co. 
600 Penn Center Blvd. 
Pittsburgh, PA 15235 
(412) 273-5000 

Catalyst Research Corp. 
3706 Crandall Lane 
Owing Mills, MD 21117 
(301) 356-2400 

Catalyst Research Corp. has designed 
and tested a computer based supervisory 
control and data acquisition system 
(SCADA) which is also available from MSA. 
The system can accommodate up to 38 field 
data stations. Each data station is ca- 
pable of receiving eight analog inputs, 
plus any one of the following: 16 digi- 
tal inputs or 4 digital outputs. 

Remote stations can be up to 18 
miles from the central station. Cabling 
is by two-conductor No. 19 gage twisted 
pair. The central station is computer 
based. It uses a Digital Equipment Corp. 
LSI11 microprocessor with 64,000 bytes of 
memory. Data transfer from remotes to 
the central station uses RS232 at up to 
2,400 baud. 

Interactive, user friendly software 
is available. Alarm states are indicated 
audibly and automatically printed. Hour- 
ly and daily summaries can be generated. 

Mundix Control Systems, Inc. 
5495 Marion St. 
Denver, CO 80216 
(303) 296-1790 

Mundix offers a supervisory control 
and data acquisition system that can ac- 
commodate up to 128 outstations. Each 
outstation can be configured with four 
electronic interface cards (extensible 
to 16). Each card can accommodate any 
one of the following: four analog in- 
puts (12-bit resolution), eight digital 
inputs, eight digital outputs, or four 
analog outputs. 

The total system capacity is 4,096 
digital inputs or 1024 analog. Telemetry 
to the central station is accomplished 
using a 500-kHz digital phase modula- 
tion technique (Manchester coding). As 
a result, the system uses two-conductor 
shielded cable. The maximum transmission 
distance is stated to be 128 miles. 

The central station is computer- 
based, and BASIC language programable. 
There are printers and color or black and 
white CRT monitors available. Power to 
the central station is 110-volt ac, while 
remotes can be powered with either 110- 
volt ac, 24-volt dc, or 120-volt dc. 

Outokumpu Engineering 
4680 Packinghouse Road 
Denver, CO 80216 
(303) 371-0540 

There are hundreds of Outokumpu mon- 
itoring systems installed in Europe, pri- 
marily in power control applications. It 
is a computer based system (DEC) with an 
interactive English control software. 
The system has a capability for up to 
30,000,000 bytes of storage on a Winches- 
ter disk and printer, CRT options. 



The remote outstations are typical- 
ly configured to accept 4 analog in- 
puts, 16 digital inputs, and 16 digi- 
tal control outputs. There are two types 
of outstations, the miniremote described 
above, and larger, higher capacity units. 
Outstations can be interconnected in 
any series parallel configuration. 
Analog data is resolved to a 12-bit 
precision. 

Telemetry is accomplished using a 
serial RS232 FSK format at 300 baud (50- 
600). Outstations can be up to 6 miles 
distant. Two-conductor twisted pair ca- 
ble is required. 

Power to the central and remote sta- 
tions is 110-volt ac, 220-volt ac, or 24- 
volt dc. 

R.F.L. Industries, Inc. 
Boonton, NJ 07005 
(201) 334-3100 

R.F.L. Industries manufactures te- 
lemetry equipment consisting of build- 
ing blocks that can be combined to 
satisfy progressively more demanding 
system requirements. The simplest sys- 
tem consists of frequency-multiplexed 
transmitter-receiver pairs that operate 
with center frequencies between 300 Hz 
and 30 kHz in spacings of 100 and 120 Hz 
or more. These devices are available in 
two configurations: an AM system, in 
which the carrier is keyed on or off with 
a 12-volt dc input status, or a system 
with a switch closure. A more secure 
frequency-shifted version uses the same 
audio band center frequencies, but 
frequency-shift codes the data in any of 
four codes including a two-frequency code 
(mark-space) and a three-frequency code 
(mark-center-space). Both systems are 
powered by 12-volt dc. If standard CCITT 
channel spacing is used, there are 46 
carrier channels between 300 Hz and 10 
kHz, with more at higher frequencies. 

If there is a need to transmit ana- 
log data, the model 64B series converts 
input voltages in the 0.4- to 2-volt 
range, or input current 4 to 20 mA, 10 to 
50 nlA, etc., into a square wave output, 
frequency coded in the 5- to 25-Hz range. 
After voltage- or current-to-frequency 
conversion, these low-frequency codes are 
transmitted by using the frequency shift 
transmitter-receiver described. 

If large numbers of status-control 
signals are to be telemetered, the mod- 
el 66A encoder-decoder will accommodate 
16 input channels. These data are 
then time-division-multiplexed (TDM) 
with a redundant transmission (normal 
and polarity-inverted, doublescan format) 
to ensure reliable transmission. There 
are two parity check bits, so that par- 
ity errors up to the third order can be 
detelcted. Once again the data are 
telelnetered with one of the frequency- 
shift, frequency-multiplexed transmitter- 
receiver pairs. The scan time with the 
normeal 60-baud system is 1.1 sec with 
doublescan and 0.6 sec with single scan. 
Input data can be binary level or switch 
closure inputs. Power is 12 volts dc. 

Analog channels can also be accommo- 
dated on the TDM system. Analog inputs 
are channeled, one at a time, to an A-D 
converter. The analog quantity is digi- 
tized and this parallel digital signal, 
together with a corresponding digital ad- 
dress, is fed to a 66A encoder. Trans- 
mission is now similar to that in the 
foregoing paragraph. At the receiving 
station, the message is decoded, and the 
digital output is channeled to the corre- 
sponding D-A converter to produce an ana- 
log output. 

Sangamo Weston, Inc. 
Industrial Products 
P.O. Box 3041 
Sarasota, FL 33578 
(813) 371-0811 



Sangamo Weston manufactures  t h r e e  
d i f f e r e n t  moni tor ing and c o n t r o l  systems. 
T h e i r  RECON I has  a c a p a b i l i t y  f o r  up t o  
127 remote s t a t i o n s ,  each w i t h  12 ana log  
i n p u t s ,  r eso lved  t o  12-bi t  p r e c i s i o n ,  and 
12 ou tpu t  l e v e l s .  Channels can be ex- 
tended f o u r f o l d  a s  an  opt ion.  Opera t ion  
i s  e i t h e r  manual o r  by computer con t ro l .  
Cycle  t ime i s  0.5 s e c  p e r  channel.  

The RECON 11 has  e i g h t  channels  pe r  
remote and can  accommodate e i g h t  ana log  
channe ls  each,  reso lved  t o  e i g h t - b i t  
p r e c i s i o n  (0.4%). It i s  c o n t r o l l e d  by 
a n  I n t e l  8080. The ou tpu t  i s  a p r i n t e r  
t e rmina l .  Cycle time is  0.5 s e c  p e r  
channel .  

The RECON I i s  a computer- 
c o n t r o l l e d  system t h a t  uses  a D i g i t a l  
Equipment Corp. ~ ~ ~ - 1 1 / 2 4  programed i n  
RSX11M. P e r i p h e r a l s  i nc lude  a c o l o r  CRT 
and p r i n t e r .  It is  capab le  of 256 remote 
s t a t i o n s .  Report ing i s  by excep t ion  
( r e p o r t  when exceed l i m i t s ) .  Each remote 
i s  capab le  of 16 ana log  i n p u t s  and has  
16 o u t p u t  c o n t r o l  r e l a y s  (KU s e r i e s  20A 
r e l a y s ) .  Reso lu t i on  of i n p u t  s i g n a l  is 
12 b i t s  (0.024%). The system has  a d a t a  
ba se  and g r aph i c s  e d i t i o n  and a capab i l -  
i t y  t o  download t o  remotes over  t h e  d a t a  
l i n e .  Remotes can s can  subremotes.  

A microprocessor-based system, MIC- 
RECON, i s  under development and w i l l  be 
r e l e a s e d  soon. 

Transmi t ton  Ltd. 
Smisby Road 
Ashby-De-la-Zouch 
England LE6 5UG 
0530-415941 

R e l i a b i l i t y  Technology 
150 Plum I n d u s t r i a l  Court  
P i t t s b u r g h ,  PA 15239 
(412) 325-3121 

Transmi t ton  Ltd. i s  a l s o  q u a l i f i e d  lo manufacture  t h e  B r i t i s h  MINOS system. 

The Transmit ton c o n t r o l  conso l  c o n s i s t s  
of one o r  two c o l o r  video d i s p l a y s ,  a 
keyboard, two sw i t ch  pane l s ,  and a com- 
municat ions  cen t e r .  The Transmit ton sys-  
tem, r ep r e sen t ed  i n  t h e  United S t a t e s  by 
R e l i a b i l i t y  Technology, i s  designed t o  
moni tor  and c o n t r o l  t h e  o p e r a t i o n  of con- 
veyors ,  pumps, e l e c t r i c a l  sw i t ches ,  s h a f t  
e l e v a t o r s ,  v e n t i l a t i o n  f a n s ,  and bunkers ,  
a s  w e l l  a s  environmental  parameters  such 
a s  methane, carbon monoxide, a i r  ve- 
l o c i t y ,  a i r  p r e s su re ,  temperature ,  and 
smoke. 

The system c o n s i s t s  of a c e n t r a l  
c o n t r o l  s t a t i o n  and up t o  168 o u t s t a -  
t i o n s .  Data a r e  t r a n s m i t t e d  i n  a d i g i t a l  
fo rmat ,  but  no t  frequency coded; i .e. , 
high-low s t a t e s  a r e  t r an smi t t ed .  A four-  
conductor  c a b l e  is  used. 

Conveyor moni tor ing i nc ludes  b e l t  
speed,  misalignment,  b e l t  weight ,  t o r n  
b e l t ,  motor vo l t age  c u r r e n t  and tempera- 
t u r e ,  v i b r a t i o n ,  and a larm s t a t e s .  Sonic  
and v i s u a l  alarms a r e  a v a i l a b l e  l o c a l l y  
and can be c o n t r o l l e d  l o c a l l y  o r  remote- 
l y .  B e l t  s t a r t  sequencing can be done 
au toma t i ca l l y ,  s o  t h a t  b e l t s  can be s h u t  
down t o  conserve power. 

Pump moni tor ing might i nc lude  
d i a g n o s t i c s ,  such a s  e l e c t r i c a l  cur- 
r e n t  d r a i n ,  p r e s su re ,  f low,  e t c .  Energy 
shedding can be accomplished. Power 
c e n t e r  moni tor ing can  be used t o  r e s e t  
b r eake r s  remotely o r  t o  l o c a t e  a prob- 
l e m .  Sof tware  f o r  summary a n a l y s i s  is  
included.  

The Transmit ton systems have been 
i n s t a l l e d  i n  hundreds of deep c o a l  mining 
o p e r a t i o n s ,  i n t e r n a t i o n a l l y .  

4 . 5 . 2 b  Summary 

A summary of t h e  moni tor ing sys-  
tems o f f e r e d  by s u p p l i e r s  c u r r e n t l y  mar- 
k e t i n g  i n  t h e  United S t a t e s  i s  g iven  i n  
t a b l e  4-3. 



TABLE 4-3. - Mine monitoring system summary 

Inputs per outstation: 
Analog............... 
Digital.............. 

Outputs per outstation: 
Analog............... 
Digital.............. 

Transmission distance.. 

Davis Aquatrol 

Trunks................. 
Outstations per trunk.. 
Total input channels 
per outstation. 

Cost, thousand dollars: 
Central station...... 
Outstation........... 

Conspec 

Trunks................. 
Outstations per trunk.. 
Total input channels 
per outstation........ 

1 
98 
18 

Inputs per outstation: 
Analog............... .............. Digital 

<18 
218 analog 

<6 
26 analog 

31 mi 

4 
128 

1 analog or 
16 digital 
in; 1 dig- 
ital out. 

1 (16 bit) 
16 (1 bit) 

1 
127 
40 

NAP 
1 (1 bit) 
44,000 ft 

8 
32 

. NAp 
4 

20 mi 

Giangarlo 

1 
512 

5 boards 

Hawker 
Siddeley 

7 
16 

Trans- 
mitton 

6 
28 

Kidde 

2 
64 

40-75 
5-10 

MSA 

3 
38 

6241 716 boards1 20 1 8 boards 1 32 1 28 

16 
28 analog 

25 
0.25 

Mundix 

1 
128 

4.5.3 Sensors 

100 
25 

Cbutokompu 

llnlimited 
32 

Outputs per outstation: 
Analog............... 
Digital.............. 

Transmission distance.. 
Cost, thousand dollars: 
Central station...... 
Outstation........... 

While mine monitoring systems can 
include both environmental and production 
sensors, this report focuses on environ- 
mental sensors. Of particular interest 
in environmental monitoring are air ve- 
locity, methane and carbon monoxide con- 
centration, and respirable dust. 

Air velocity can be measured by us- 
ing either vane anemometers or acoustic 
vortex-shedding anemometers. Vane ane- 

15-23 
53-7 

R.F.L. 

1 
1 

NA Not available. NAp Not applicable. 
'per board. 4~ypical, 40,000 ft maximunn. 74,096 digital and 1,024 analog, 
*~imes 12. 5~ncludes CO monitor. maximum. 
j~xtendable. 6575 maximum data points. 

NAP 
4 

8 mi 

25 
1 

in which the airflow causes the vanes or 
impellers to rotate at a speed propor- 
tional to the airflow. Although they are 
most commonly used underground as direct 
reading, portable instruments, they can 
also be adapted to a mine monitoring sys- 
tem,. However, despite the advantage of 
meclnanical simplicity, they are suscepti- 
ble to dirt and moisture concentration. 
Vorttex-shedding anemometers, on the other 
hand, have no moving parts and use acous- 
tic signals to measure turbulence caused 
by the airflow. Both anemometers have 
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p o i n t  measurements normally made i n  t h e  
boundary l a y e r  n e a r  t h e  roof o r  r i b  and 
t h e r e f o r e  do n o t  n e c e s s a r i l y  r e p r e s e n t  a  
t r u e  measure of t h e  average  a i r f l o w .  

Methane and ca rbon  monoxide concen- 
t r a t i o n  can  be measured by e i t h e r  h e a t  of 
combustion ( i e ,  c a t a l y t i c  combustion) 
o r  i n f r a r e d  a b s o r p t i o n  t echn iques .  For 
carbon monoxide, e l e c t r o c h e m i c a l  a n a l y s i s  
i s  a l s o  commonly used.  The heat-of-  
combustion s e n s o r  i s  based on t h e  p r i n c i -  
p l e  t h a t  c a t a l y t i c  o x i d a t i o n  ( i . e . ,  burn- 
i n g )  of a  combus t ib le  g a s  such a s  methane 
w i l l  r e s u l t  i n  a  t empera tu re  r i s e  i n  t h e  
s e n s o r  i n  p r o p o r t i o n  t o  t h e  gas  concen- 
t r a t i o n s .  Th i s  t e c h n i q u e  i s  widely used 
i n  t h e  methane moni to r s  r e q u i r e d  f o r  f a c e  
equipment i n  t h i s  coun t ry .  The i n f r a r e d  
s e n s o r s  a r e  based on t h e  f a c t  t h a t  d i f -  
f e r e n t  g a s e s  have d i f f e r e n t  i n f r a r e d  en- 
e rgy  a b s o r p t i o n  c h a r a c t e r i s t i c s .  These 
s e n s o r s  have been i n  u s e  i n  South A f r i c a n  
and German mines f o r  a  number of y e a r s .  
E l e c t r o c h e m i c a l  a n a l y z e r s  measure t h e  
carbon monoxide c o n c e n t r a t i o n  by chemical  
r e a c t i o n  w i t h  e l e c t r o d e s  t h a t  a r e  i m -  
mersed i n  an  e l e c t r o l y t e .  These s e n s o r s  
have been used r e c e n t l y  a s  p a r t  of an  
e a r l y  warning b e l t  f i r e  d e t e c t i o n  system 
( t h a t  i n  some c a s e s  al lowed t h e  use  of 
t h e  bel tway f o r  i n t a k e  a i r ) .  

Remote moni to r ing  of r e s p i r a b l e  d u s t  
p r e s e n t s  a  number of t e c h n i c a l  d i f f i c u l -  
t i e s .  Of t h e  v a r i o u s  measurement tech-  
n i q u e s  c u r r e n t l y  i n  u s e ,  t h e  b e t a -  
a t t e n u a t i o n  and o p t i c a l  d e v i c e s  appear  t o  
be  t h e  most s u i t a b l e  f o r  i n t e g r a t i o n  i n t o  
mine moni to r ing  systems. The former u s e s  
b e t a  r a d i a t i o n  t o  d e t e c t  d u s t  concentra-  
t i o n ,  i . e . ,  t h e  amount of b e t a  a b s o r p t i o n  
due t o  t h e  d u s t  d e p o s i t e d  on a  sample 
p l a t e  i s  p r o p o r t i o n a l  t o  t h e  d u s t  concen- 
t r a t i o n .  The o p t i c a l  s e n s o r s  a r e  based 
on t h e  p r i n c i p l e  t h a t  t h e  d u s t  concentra-  
t i o n  i s  p r o p o r t i o n a l  t o  t h e  amount of 
l i g h t  r e f l e c t e d  by t h e  dust - laden a i r  
sample. 

The f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  
s e n s i n g  o r  measurement t echn iques  f o r  t h e  
f o u r  pa ramete rs  of i n t e r e s t  t h a t  a r e  most 
a p p l i c a b l e  t o  underground mine monitor-  
i n g .  That i s ,  only  s e n s o r s  t h a t  a r e  

s u i t a b l e  f o r  remote,  f i x e d  p o i n t  opera- 
t i o n  underground and t h a t  p rov ide  an 
e l e c t r i c a l  o u t p u t  t h a t  can be i n t e r f a c e d  
w i t h  s t a n d a r d  t e l e m e t r y  equipment w i l l  be 
d i s c u s s e d .  

4.5.3a Air V e l o c i t y  Sensors  

There a r e  two b a s i c  types  of a i r  
v e l o c i t y  s e n s o r s  t h a t  a r e  a p p l i c a b l e  t o  
underground mining: r o t a t i n g  vane ane- 
mometers and a c o u s t i c  vortex-shedding 
anemometers. 

The r o t a t i n g  vane anemometers a r e  
mechanical  d e v i c e s  w i t h  vanes o r  i m -  
p e l l e r s  t h a t  a r e  r o t a t e d  o r  t u r n e d  by t h e  
a i r  f lowing  through t h e  anemometer. The 
b e t t e r  i n s t r u m e n t s  u s e  b a l l  b e a r i n g s  t h a t  
reduce t h e  t u r n i n g  f r i c t i o n  of t h e  main 
s h a f t  on which t h e  vanes a r e  mounted t o  
improve t h e  accuracy a t  low a i r  veloc-  
i t i e s .  P o r t a b l e  ( t y p i c a l l y  hand h e l d )  
vane anemometers have been a  s t a n d a r d  a i r  
v e l o c i t y  measuring ins t rument  i n  under- 
ground mines f o r  a  number of y e a r s .  The 
Davis vane anemometer i s  probably  t h e  
most common example of t h e s e  d i r e c t  read- 
i n g  i n s t r u m e n t s .  Recent ly  t h e r e  has  been 
some i n t e r e s t  i n  adop t ing  t h e s e  i n -  
s t ruments  t o  remote moni tor ing systems;  
f o r  example, American Mine Chemical Co. 
i s  c u r r e n t l y  d i s t r i b u t i n g  t h e  B r i t i s h  
Abbriko anemometer t h a t  p rov ides  an e l e c -  
t r i c a l  p u l s e  count ou tpu t  p r o p o r t i o n a l  t o  
t h e  a i r  v e l o c i t y .  However, whi le  t h e  
d e v i c e  does have c e r t a i n  advantages  be- 
cause  of s i m p l i c i t y  of o p e r a t i o n ,  i t s  
s u s c e p t i b i l i t y  t o  e x c e s s i v e  d i r t  and 
mois tu re  r e p r e s e n t s  a  s i g n i f i c a n t  d i s -  
advantage.  The Nat iona l  Coal Board, ex- 
pe r iment ing  w i t h  such anemometers (such 
a s  i t s  BA.1 and BA.2), found t h a t  in -  
c r e a s i n g  t h e  vane diameter  i n c r e a s e d  t h e  
t o r q u e  on t h e  c e n t e r  s h a f t  and the reby  
reduced t h e  p o t e n t i a l  of t h e  s h a f t  s e i z -  
i n g  because of d i r t  accumulat ion ( 9 ) .  

The second ca tegory  of anemometers, 
a c o u s t i c  vor tex-shedding,  measure a i r  ve- 
l o c i t y  by s e n s i n g  t h e  f requency a t  which 
v o r t i c e s  a r e  shed from a  rod p laced  i n  
t h e  a i r s t r e a m .  The v o r t i c e s ,  o r  e d d i e s  
i n  t h e  a i r s t r e a m ,  a r e  sensed by t h e  e f -  
f e c t  they  have on an a c o u s t i c  ( a c t u a l l y  



u l t r a s o n i c )  pu l se  t r ansmi t t ed  through 
them. A t y p i c a l  con f igu ra t i on  would con- 
s i s t  of a  r e l a t i v e l y  compact package con- 
t a i n i n g  t r a n s m i t t i n g  and r ece iv ing  t r ans -  
duce r s  mounted on oppos i t e  s i d e s  of a  
small rod and t h e  e l e c t r o n i c s  r equ i r ed  t o  
t r ansmi t  t h e  d a t a  t o  t h e  app rop r i a t e  out- 
s t a t i o n  o r  c o n t r o l  panel. Since vo r t ex  
shedding anemometers have no moving 
p a r t s ,  they a r e  p a r t i c u l a r l y  we l l  s u i t e d  
f o r  underground mines. However, while  
they a r e  l e s s  s u s c e p t i b l e  t o  contamina- 
t i o n  t han  t h e  vane anemometers, they a r e  
a l s o  t y p i c a l l y  more expensive than  t h e  
mechanical anemometers. 

It should be pointed ou t  t h a t  both 
types  of anemometers a r e  f i x e d  poin t  
u n i t s  and a s  such have t h e  disadvantage 
of being a b l e  t o  measure t h e  a i r f l o w  a t  
only one po in t  i n  t h e  airway. This  re- 
s t r i c t i o n  i s  usua l ly  compounded by mount- 
i n g  t h e  u n i t  c l o s e  t o  t h e  roof o r  r i b  of 
t h e  airway,  i.e., i n  t h e  boundary l a y e r  
where changes i n  t h e  average a i r f l o w  can- 
no t  always be accu ra t e ly  sensed. Al -  
though t h e r e  a r e  empir ica l  methods of 
compensating f o r  t h i s  measurement d e f i -  
c iency ,  they do not  always provide t h e  
most s a t i s f a c t o r y  so lu t ion .  

The two major s u p p l i e r s  of a c o u s t i c  
anemometry equipment i n  t h i s  country a r e  
J-Tec Assoc ia tes  and Mine Sa fe ty  Appli- 
ance (MSA). The J-Tec model VA-216B i s  
approximately 12 by 7 by 4 inches  i n  s i z e  
and can measure a i r  v e l o c i t y  i n  two 
ranges;  50 t o  3,000 fpm and 150 t o  10,000 
fpm (22% of f u l l  s c a l e ) .  The u n i t  op- 
e r a t e s  on a  12 t o  21 v o l t s  dc  a t  a  max- 
imum of 35 mA. While t h e  s tandard  ou tput  
i s  0 t o  5 v o l t s  dc, t h e  u n i t  can a l s o  
provide 1 t o  5  mA o r  4  t o  20 mA a s  an 
op t ion .  C a l i b r a t i o n ,  performed a t  t h e  
s enso r ,  i s  t y p i c a l l y  recommended a t  6- 
week i n t e r v a l s .  The p r i c e  of t h e  u n i t  
r uns  between $1,000 and $1,500, inc lud ing  
ou tpu t  e l e c t r o n i c s .  

The MSA s o n i c  anemometer can measure 
a i r  v e l o c i t i e s  up t o  25,000 fpm. The 
senso r  r e q u i r e s  110 v o l t s  a c  power (30 w) 
and produces e i t h e r  0-1 mA o r  4-20 mA 
outputs .  The l i s t  p r i c e  of t h e  u n i t  i s  
between $500 and $600. 

4.5.3b Methane Sensors 

There a r e  two primary techniques of 
d e t e c t i n g  and measuring methane concen- 
t r a t i o n  t h a t  a r e  s u i t a b l e  f o r  u se  i n  mine 
monitoring systems: hea t  of combustion 
and i n f r a r e d  absorpt ion.  Of t h e  two, t h e  
heat of combustion, o r  c a t a l y t i c  combus- 
t i o n ~ ,  sensors  a r e  t h e  most common i n  t h i s  
country.  These s enso r s  d e t e c t  t h e  pres-  
ence and concent ra t ion  of methane by mea- 
s u r i n g  t h e  temperature  r i s e  of a  ca ta -  
l y t i c  element t h a t  ox id i ze s  ( i . e . ,  burns) 
t h e  methane a t  very low temperatures  
without a  flame. The temperature r i s e  i n  
t h e  c a t a l y s t  i s  p ropor t i ona l  t o  t h e  meth- 
ane conten t  of t he  a i r  surrounding t h e  
sensor .  

There i s  some d i f f e r e n c e  i n  t h e  
technique by which t h e  s enso r s  expose t h e  
c a t a l y s t  t o  t h e  gas mixture  t o  be mea- 
sured. Some devices  r e l y  on d i f f u s i o n  of 
t h e  gas  mixture  through a  porous metal  
flame a r r e s t o r  screen.  These a r e  o f t e n  
r e f e r r e d  t o  a s  "diffusion-head" type  sen- 
so r s .  Others use  mechanical pumps t o  
d r a i n  a i r  samples ac ros s  t h e  c a t a l y s t .  A 
t h i r d  method, r e f e r r e d  t o  a s  " s n i f f  and 
sneeze,"  a l t e r n a t e l y  draws t h e  sample i n  
and then  exha les  p r i o r  t o  t h e  next Sam- 
p le .  While t h e  d i f f u s i o n  devices  have a  
slower response t i m e  they a r e  s impler  and 
do not  r e l y  on mechanical pumps t h a t  may 
be a f f e c t e d  by dus t  and moisture.  
Diffusion-type methane senso r s  a r e  t yp i -  
c a l l y  used i n  t h e  monitoring and auto- 
mat ic  deenergizing devices  requi red  on 
f a c e  equipment i n  U.S. coa l  mines. Al -  
though c a t a l y t i c  combustion senso r s  a r e  
r e l a t i v e l y  rugged and simple i n  opera- 
t i o n ,  they do have ( a t  l e a s t  i n  p r inc i -  
p l e )  a  disadvantage i n  terms of s p e c i f i c -  
i t y .  That i s ,  t h e  c a t a l y s t  temperature  
w i l . 1  r i s e  i n  t h e  presence of any combus- 
t i o n  gas ,  not  j u s t  methane. However, 
t h i s  disadvantage is not  always a  major 
problem and can be reduced somewhat by 
ope ra t i ng  a t  a  s p e c i f i e d  temperature o r  
s e l e c t i n g  a  c a t a l y s t  t h a t  f avo r s  a  
metlhane-oriented chemical reac t ion .  A 
second, and poss ib ly  more impor tan t ,  d i s -  
advantage is  t h a t  c a t a l y t i c  s enso r s  a r e  
not  gene ra l l y  s u i t a b l e  f o r  measuring 
methane concen t r a t i ons  above 5%. 



The second methane s ens ing  techn ique  
i s  based on t h e  abso rp t i on ,  by d i f f e r e n t  
g a s e s ,  of d i f f e r e n t  amounts of i n f r a r e d  
r a d i a t i o n .  I n  a  t y p i c a l  con f igu ra t i on ,  
i n f r a r e d  energy i s  passed through a  sam- 
p l e  c e l l  t h a t  has  windows t h a t  do not  ab- 
s o r b  i n  t h e  i n f r a r e d  band. E i t h e r  t h e  
s e n s o r  i s  equipped w i th  a  r e f e r e n c e  c e l l  
o r  t h e  s enso r  i s  c a l i b r a t e d  by purging 
t h e  sample c e l l  w i th  n i t r o g e n  p r i o r  t o  
making any measurements. 

An i n f r a r e d  d e t e c t o r ,  l o c a t e d  on 
t h e  o p p o s i t e  s i d e  of t h e  c e l l ,  produces 
a n  e l e c t r i c a l  s i g n a l  p r o p o r t i o n a l  t o  
t h e  d i f f e r e n c e  between t h e  r e f e r e n c e  and 
t h e  sample. Th is  s i g n a l  i s ,  i n  t u r n ,  

p r o p o r t i o n a l  t o  t h e  methane concentra-  
t i o n .  I n f r a r e d  s enso r s  can be used t o  
measure methane concen t r a t i ons  i n  t h e  en- 
t i r e  range between 0% and 100%. While 
t h e s e  dev ices  a r e  r e l a t i v e l y  s e n s i t i v e  
and s p e c i f i c ,  they a r e  t y p i c a l l y  more 
complex and expensive than  t h e  c a t a l y t i c  
s enso r s .  

Table 4-4 summarizes t h e  methane 
s enso r s  c u r r e n t l y  a v a i l a b l e  i n  t h i s  coun- 
t r y .  Although only one i n f r a r e d  s enso r  
i s  mentioned, i t  should be noted t h a t  
s e v e r a l  i n f r a r e d  s enso r s  have been de- 
veloped i n  o t h e r  c o u n t r i e s ,  among them 
t h e  South Af r i c an  SPANAIR and t h e  German 
UNOR. 

1 TABLE 4-4. - Methane s enso r s  

E l e c t r o n i c s .  

Company Model 

1 Dynamat ion.  ........ I 12 10EX 

CEA................ 

CSE................ 

RI550A 

140 

S c o t t  Aviation... . .  
40008561 
40008015 

Genera l  Monitors...  

 exa as Analy t ica l . . .  1 1930B 

480 

I 

NA Not a v a i l a b l e .  I ~ o u n d e d  t o  

Ca t a ly s t .  I 0- 5  1 0-100mV 1 1 1 0 V a c 1  1,100 

In f r a r ed .  I[ : 

Measuring 
p r i n c i p l e  
NA....... 

Ca t a ly s t .  0- 5  

I 

Power 
requirements  

1 1 0 V a c  

do.... 0- 5 ... 

Cost 1 

$1,800 

Range, 
% 

0-99 

1 ... do .... 1 0- 5  1 0-5 V d c  1 12-21 V d c  I 500- 

E l e c t r i c a l  
ou tpu t  
D i g i t a l  

n e a r e s t  $100. 



4 . 5 . 3 ~  Carbon Monoxide Sensors  e a r l i e r  f o r  methane sens ing .  That i s ,  
t h e  a i r  sample i s  ox id ized  i n  t h e  pres-  

There a r e  t h r e e  t echn iques  of ca r -  ence of a  c a t a l y s t ,  wi th  t h e  r e s u l t i n g  
bon monoxide s ens ing  t h a t  may be con- t empera ture  r i s e  i n  t h e  c a t a l y s t  being 
s i d e r e d  s u i t a b l e  f o r  u se  i n  mine moni- p r o p o r t i o n a l  t o  t h e  gas  concen t ra t ion .  
t o r i n g  systems:  e l e c t rochemica l  reac-  As mentioned e a r l i e r ,  t h e  b a s i c  t echn ique  
t i o n ,  ca ta ly t i c -combus t ion ,  and i n f r a r e d  i s  nonspec i f i c ,  and carbon-monoxide-spe- 
ab so rp t i on .  c i f  i c  c a t a l y s t s  and a p p r o p r i a t e  f i l amen t  

t empera tures  a r e  r equ i r ed  t o  reduce t h e  
E lec t rochemica l  s enso r s  c o n t a i n  a  

s ens ing  e l e c t r o d e ,  a  counte r  e l e c t r o d e ,  
and sometimes a  r e f e r e n c e  e l e c t r o d e  i n  an 
e l e c t r o l y t e  ( such  a s  s u l f u r i c  a c i d  so lu -  
t i o n  f o r  t h e  Ene rge t i c  Sc iences  Ecolyzer  
2000). The a i r  t o  be sampled e i t h e r  i s  
al lowed t o  d i f f u s e  i n t o  t h e  sensor  o r  i s  
drawn i n  by a  mechanical  pump. The ca r -  
bon monoxide i n  t h e  a i r  r e a c t s  w i th  t h e  
e l e c t r o d e s ,  gene ra t i ng  an e l e c t r i c  s i g n a l  
p r o p o r t i o n a l  t o  t h e  carbon monoxide con- 
c e n t r a t i o n  i n  t h e  a i r  sample. General  
E l e c t r i c  Co. has  developed,  i n  conjunc- 
t i o n  wi th  t h e  Bureau of Mines, a  f u e l  
c e l l  carbon monoxide s enso r  t h a t  uses  a  
s o l i d  polymer e l e c t r o l y t e .  This  de s ign ,  
of course ,  has  t h e  advantage of no t  hav- 
i n g  a  l i q u i d  e l e c t r o l y t e  t h a t  can s p i l l .  

The c a t a l y t i c  combustion techn ique  
i s  q u i t e  s i m i l a r  t o  t h a t  d i scussed  

i n t e r f e r e n c e  of o t h e r  combust ible  gases .  

The i n f r a r e d  techn ique  i s  a l s o  s i m i -  
l a r  t:o t h a t  descr ibed  f o r  methane de tec -  
t i o n .  The sensor  is  made s e l e c t i v e  f o r  
carbon monoxide by modifying t h e  r e c e i v e r  
t r an sduce r  t o  d e t e c t  changes i n  t h e  in-  
f r a r e d  wavelengths t h a t  a r e  absorbed by 
carbon monoxide molecules.  For a  nondis- 
p e r s i v e  system, t h e  abso rp t i on  f i l t e r s  
must be changed, and f o r  t h e  d i s p e r s i v e  
sys tems ,  t h e  r e f r a c t i o n  g r a t i n g  may have 
t o  be changed. 

Table  4-5 l i s t s  s e v e r a l  r ep r e sen t a -  
t i v e  carbon monoxide sensor  s u p p l i e r s .  
While no i n f r a r e d  carbon monoxide s enso r s  
a r e  l i s t e d ,  a t  l e a s t  one i s  manufactured 
i n  South Afr ica .  It is c a l l e d  t h e  
SPANAIR, and i t  can a l s o  be modified f o r  
u se  a s  a  methane d e t e c t o r .  

TABLE 4-5. - Carbon monoxide s e n s o r s  

Company 

Dynamation......... 

Ene rge t i c  S c i e n c i e s  

General  E l e c t r i c . . .  

MSA.. .............. 
Neutronics... . . . . . .  
NA Not a v a i l a b l e .  

Model 

I CO-2300 

CO-300 

4125 

15ECS6 

571 

910 

Measuring 
p r i n c i p l e  

Catalyst . . . . . . .  

... do.......... 

E lec t rochemica l  

Fuel  ce l l . . . . . .  

E lec t rochemica l  

... do.......... 

Range, 
PPm 

0- 300 

0- 300 

0- 50 0-1 V dc  

19-60 V dc  

E l e c t r i c a l  
ou tpu t  

0-1 mA 

mA 

Power re -  
quirements  

1 1 7 V a c  
110 V a c  1 12 V d c ]  

Cost 

$950 

925 



4.5.3d Dust Sensors  

Although t h e r e  a r e  many types  of 
t e chn iques  t o  measure d u s t  concen t r a t i ons  
i n  mine a i r ,  a  number of t e c h n i c a l  d i f f i -  
c u l t i e s  l i m i t  t h e  a v a i l a b i l i t y  of d u s t  
s e n s o r s  t h a t  would be s u i t a b l e  f o r  u se  i n  
au tomat ic ,  remote, mine moni to r ing  sys -  
tems. For example, whi le  t h e  Bendix-type 
p e r s o n a l  d u s t  sampler has  been used suc- 
c e s s f u l l y  f o r  a  number of y e a r s ,  i t  i s  
n o t  amenable t o  remote moni tor ing because 
t h e  f i l t e r s  must be manually removed, 
weighed, and rep laced .  Three measurement 
t echn iques  t h a t  might be adopted t o  re- 
mote moni tor ing a r e  descr ibed  below; they  
a r e  o p t i c a l  s ens ing ,  p i e z o e l e c t r i c  sens-  
i n g ,  and b e t a  a t t e n u a t i o n .  

I n  o p t i c a l  s e n s o r s ,  a  beam of l i g h t  
( f rom e i t h e r  an incandescen t  o r  l a s e r  
sou rce )  i s  d i r e c t e d  i n t o  a  chamber t h a t  
c o n t a i n s  a  sample of t h e  dust- laden a i r .  
The i n t e n s i t y  o r  b r i gh tne s s  of t h e  l i g h t  
t h a t  i s  s c a t t e r e d  by t h e  d u s t  cloud i n  
t h e  chamber i s  governed by t h e  s u r f a c e  
a r e a  of t h e  d u s t  p a r t i c l e s .  The i n t en -  
s i t y  of t h e  r e f l e c t e d  l i g h t  is  t y p i c a l l y  
determined by comparison w i th  a  p o r t i o n  
of t h e  d i r e c t  l i g h t .  While t h e  dev i ce  i s  
normal ly  manual i n  ope ra t i on  ( t h e  d i -  
r e c t  l i g h t  i s  passed through a  v a r i a b l e  
f i l t e r  t h a t  i s  a d j u s t e d  u n t i l  t h e  i n t e n -  
s i t y  of t h e  d i r e c t  l i g h t  equa l s  t h e  re -  
f l e c t e d  l i g h t ) ,  a t  l e a s t  one company man- 
u f a c t u r e s  an  o p t i c a l  d u s t  monitor w i th  
a n  e l e c t r i c a l  ou tpu t .  The Japanese-made 
Horiba moni tor  p rov ides  an  ou tpu t  of 0  t o  
20 mA, but  s i n c e  i t  r e q u i r e s  110 v o l t s  
a c  (10 W )  , MSHA approval  i s  necessa ry  i f  
i t  i s  going t o  be used i n  a  r e t u r n  a i r -  
way. Another u n i t ,  GCA model RAM-1 d u s t  
moni to r ,  measures concen t r a t i ons  i n  t h e  
range of 1 t o  200 mg/m3, has  a  0- t o  10- 
v o l t  dc ou tpu t  and runs  on 110 v o l t s  ac.  
The c o s t  of t h i s  u n i t  i s  approximately  
$6,000. 

The main disadvantage of t h i s  tech-  
n ique  is  t h a t  a  d i r e c t  comparison between 
d u s t  concen t r a t i ons  by t h i s  t echn ique  and 
o t h e r  methods i s  p o s s i b l e  only when t h e  
p a r t i c l e  s i z e  d i s t r i b u t i o n  of t h e  d u s t  i n  
t h e  a i r  sample is  t h e  same a s  t h a t  used 
f o r  ins t rument  c a l i b r a t i o n .  

The second method i s  p i e z o e l e c t r i c  
sens ing .  I n  t h i s  type  of d u s t  s e n s o r ,  
p a r t i c l e s  a r e  drawn through an o r i f i c e  
and depos i ted  on t h e  f a c e  of a  q u a r t z  
c r y s t a l .  This  c r y s t a l  i s  p a r t  of an 
o s c i l l a t o r  whose resonan t  f requency 
changes l i n e a r l y  w i th  sma l l  changes 
i n  c r y s t a l  t h i cknes s  ( o r  mass). A s  
p a r t i c u l a t e  mass c o l l e c t s  on t h e  c rys -  
t a l  f a c e ,  t h e  f requency decreases .  
There fore ,  t h e  r a t e  of f requency change 
i s  p ropo r t i ona l  t o  t h e  a i r b o r n e  mass 
concen t ra t ion .  

The t h i r d  t echn ique  i s  b e t a  a t t enua -  
t i o n .  I n  b e t a  a t t e n u a t i o n  i n s t rumen t s ,  
t h e  a e r o s o l  is  drawn through an  o r i f i c e ,  
and p a r t i c l e s  impact on a  s u i t a b l e  sur -  
f  ace. The impact s u r f a c e  i s  pos i t i oned  
between a  b e t a  r a d i a t i o n  source  and a  
counter .  The amount of b e t a  ab so rp t i on  
recorded by t h e  counte r  i s  p ropo r t i ona l  
t o  t h e  d u s t  concen t ra t ion .  The major ex- 
ample of t h i s  t echn ique  i s  t h e  GCA high- 
concen t r a t i on  d u s t  monitor t h a t  GCA de- 
veloped i n  con junc t ion  wi th  t h e  Bureau of 
Mines. 

The major advantage of t h e  GCA d u s t  
monitor over  t h e  l i g h t - s c a t t e r i n g  moni- 
t o r s  i s  t h a t  ( w i t h i n  c e r t a i n  l i m i t s )  t h e  
GCA u n i t  measures t h e  mass concen t r a t i on  
independent  of t h e  type  of d u s t  and par- 
t i c l e  s i z e  d i s t r i b u t i o n .  

4.6 E x i s t i n g  Mine Monitoring Systems 

Monitoring systems have been in -  
s t a l l e d  i n  a  l i m i t e d  number of U.S. 
c o a l  and meta l  and nonmetal mines. I n  
a d d i t i o n ,  numerous systems a r e  i n s t a l l e d  
i n  f o r e i g n  coun t r i e s .  I n  t h i s  s e c t i o n ,  
s e v e r a l  i n s t a l l a t i o n s  a r e  de sc r i bed ;  
t h e  reasons f o r  t h e i r  development and 
comments t h a t  a r e  r e l evan t  t o  t h e  cen- 
t r a l  i s s u e  of moni tor ing and/or  c o n t r o l  
i n  underground c o a l  mining a r e  given. 
I n  c a se s  where t h e  d a t a  have been pub- 
l i s h e d  and a r e  a v a i l a b l e ,  t h e  name of 
t h e  mine i s  l i s t e d .  I n  c a se s  where 
d a t a  were ob ta ined  from mine person- 
n e l  and a r e  no t  g e n e r a l l y  a v a i l a b l e ,  
only  a  l e t t e r  de s igna t i on  f o r  t h e  mine i s  
provided. 



4.6.1 U.S. Undergound Coal Mines 

Mine A 

Coal producer A operates a coal mine 
in support of its steelmaking operations. 
A very extensive monitoring and data ac- 
quisition system was installed in 1978. 
The system has production, management, 
maintenance, and safety components. 

In 1978, production was lagging and 
morale was poor. A human relations audit 
indicated that section foremen and others 
felt isolated and left to fend for them- 
selves. Communications were poor. Sup- 
port to section foremen was perceived as 
slow and often ineffectual. 

The system that was installed fo- 
cused on improved communication and back- 
up support. It monitors production, pro- 
vides maintenance support from a data 
base system, supports underground manage- 
ment with improved reporting and communi- 
cation, and enhances safety with tracking 
and followup of unsafe conditions. 

At present, phone reports are re- 
quired from each section foreman every 2 
hours (soon to become every hour when a 
leaky coaxial radio link system becomes 
operational). The status reports are re- 
ceived by an operator who codes the 
status, including mechanical problems and 
repair effort underway, onto a data base 
reporting system. These reports include 

Conditions on section. 

When loading of coal started. 

Mechanical delays. 

Nature of delay. 

Start-stop time. 

Mechanical problems are keyed to ma- 
chine and location. Information is coded 
by a communications coordinator, then 
telemetered over phone lines to a central 

off ice computer. Since a communications 
coordinator is the only one to enter the 
data,, it is coded in a uniform fashion. 

In turn, section foremen are able to 
interrogate the system at any of the 
three underground communication centers 
(one at base of portal, and one each at 
East and West mains). 

Spare parts inventory software was 
generated from an existing program used 
in the mill activity. A detailed, pic- 
torial blowup with parts number callout 
is available near each section. As a re- 
sult, the inventory status, location, and 
ordering (reorder from vendor, if neces- 
sary) can be accomplished quickly under- 
ground . Similarly , management can track 
problems by interrogating the system. 

Because the bihourly reports are 
relatively complete, formal end-of-shift 
reports are no longer necessary, and on- 
going foremen have a current status sheet 
on which to base their plans. 

This mine installed the cable for 
the system, purchased modems to enable 
commi~nication of the data over phone 
lines, and then leased the remainder of 
the system, including dedicated phone 
liners to the computer facility, line 
printers, CRT displays, etc. 

Software was developed in-house, al- 
though some of it already existed, since 
it .was in use in the associated steel 
mill. Software development times were 
estimated to be 

Production system.... 14 man-months. 
General underground.. 18 man-months. 
Maintenance.......... Existed. 
Safety............... 12 man-months. 

Surprisingly, one of the most trou- 
blesome links in the system has been the 
leased commercial phone lines (2,400 
baud) used to telemeter data to the cen- 
tral computer facility. There have been 
instances of outages for days. 



Mine B 

Coal  producer  B has  a  moni tor ing 
system t h a t  u s e s  equipment b u i l t  by Larse  
Corp. of Palo  A l t o ,  CA. It i s  a h a r d -  
w i r e d ,  time-domain m u l t i p l e x e d  system 
( c h a n n e l s  i n t e r r o g a t e d  s e q u e n t i a l l y  i n  
t i m e ) ,  des igned  o r i g i n a l l y  f o r  b u i l d i n g ,  
p r o c e s s  c o n t r o l ,  o r  energy moni tor ing.  
The producer  u s e s  t h e  system f o r  b e l t  
moni to r ing  and f o r  carbon monoxide and 
t empera tu re  moni to r ing  on t h e  s l o p e  ( t h e  
mine has  a  propane p r e h e a t  sys tem).  

The h i s t o r y  of t h e  sys tem i s  t h a t  i n  
1975, l o c a l  management p e r s o n n e l  had de- 
c i d e d  t o  upgrade t h e  t e lephone  system t o  
a  d ia l -phone system. T h e i r  c h i e f  e l e c -  
t r i c a l  e n g i n e e r  urged s imul taneous  i n -  
s t a l l a t i o n  of a  moni to r ing  c a p a b i l i t y ,  
perhaps  i n t e g r a t e d  w i t h  t h e  new phone 
system. He o b t a i n e d  mine managers '  ap- 
p r o v a l ,  and i n v e s t e d  approximately  one- 
t h i r d  of h i s  t ime d u r i n g  t h e  nex t  3 
y e a r s  s e l e c t i n g ,  purchas ing ,  i n s t a l l i n g ,  
and t e s t i n g  t h e  system. He was a s s i s t e d  
underground w i t h  c a b l e  s t r i n g i n g  and 
o t h e r  i n s t a l l a t i o n  t a s k s  about  one-s ix th  
o f  t h e  t ime. 

The Larse  sys tem t h a t  was purchased 
i s  capab le  of t r a n s m i t t i n g  only  b i n a r y  
d a t a .  The sequence t ime i s  3 s e c  p e r  
s t a t i o n .  Transmiss ion i s  over  a  s p a r e  
t w i s t e d  p a i r  of conduc tors  i n  t h e  mine 
phone c a b l e .  An independent  e l e c t r o n i c s  
and manufac tu r ing  f i r m  developed and fab-  
r i c t e d  s o l i d - s t a t e  i n t e r f a c e  c i r c u i t r y  
des igned  t o  c o n v e r t  v o l t a g e s  on c o n t r o l  
s w i t c h  t e r m i n a l s  t o  l o g i c  l e v e l s  compati- 
b l e  w i t h  t h e  L a r s e  system. The c o n v e r t e r  
was o p t i c a l l y  coupled s o  t h a t  b e l t  se-  
quencer  c i r c u i t r y  i s  uncoupled from t h e  
moni to r ,  and t h e  c o n v e r t e r  h a s  no moving 
p a r t s ,  enhancing r e l i a b i l i t y .  A p r i n t e r  
i s  used t o  g e n e r a t e  h a r d  copy of a la rm o r  
s t a t u s  change. A l i g h t  pane l  i s  a l s o  
used  t o  d i s p l a y  s t a t u s .  

Mine p e r s o n n e l  a r e  e v a l u t i n g  t h e  de- 
s i r a b i l i t y  of i n s t a l l i n g  a  J-Tec v e l o c i t y  
and methane system. T h e i r  most l i k e l y  
a p p l i c a t i o n  would be a  con t inuous  moni tor  

of worked ou t  p a n e l s ,  e l i m i n a t i n g  t h e  
need f o r  a  4-hour i n s p e c t i o n  mandated by 
t h e  S t a t e .  

Ex tens ions  of t h i s  system might in -  
c l u d e  v e n t i l a t i o n  c o n t r o l .  I n  t h a t  c a s e ,  
a  va r iab le - speed  synchronous motor d r i v e  
on t h e i r  f a n  might be used t o  reduce 
energy demand when t h e  f u l l  o u t p u t  i s  no t  
needed. A t  p r e s e n t ,  1,600 hp i s  drawn 
f o r  v e n t i l a t i o n .  O r i g i n a l  p l a n s  c a l l e d  
f o r  some a i r f l o w  and methane moni to r ing ,  
bu t  t h i s  s t e p  was d e f e r r e d  a s  " too  expen- 
s i v e  w i t h  l i t t l e  payback. " 

The moni to r ing  system i s  main ta ined  
by one man, who a l s o  main ta ins  t h e  t e l e -  
phone system (which r e q u i r e s  much more 
t ime t h a n  main ta in ing  t h e  moni to r ing  
sys tem) .  

Mine C 

Operator  C has  s e v e r a l  mines t h a t  
have very  gassy  seams and heavy over- 
burden w i t h  d i f f i c u l t  roof c o n t r o l  prob- 
lems. A s  a  r e s u l t ,  pe r sonne l  a t  t h i s  
mine have rece ived  a  v a r i a n c e  from MSHA 
a l lowing  t h e  u s e  of bel tways  a s  an i n l e t  
a i r c o u r s e .  

They have 5 y e a r s  of e x p e r i e n c e  w i t h  
carbon monoxide moni to r s ,  us ing  E n e r g e t i c  
Sc iences  s e n s o r s .  The c u r r e n t  E n e r g e t i c  
Sc iences  moni tors  t h a t  a r e  purchased have 
two l e v e l  a larms and a  b u i l t - i n  b a t t e r y  
pack f o r  u n i n t e r r u p t a b l e  power supply.  

The t e l e m e t r y  system i s  an S.R. 
Smith system t h a t  t r a n s m i t s  d i g i t a l  i n -  
fo rmat ion  only and n e c e s s i t a t e s  a  d u a l  
t h r e s h o l d  m o d i f i c a t i o n  t o  t h e  Ecolyzer .  
F a l s e  a larms a r e  genera ted  w i t h  t h e  
Eco lyzer  a s  t h e  r e s u l t  of power i n t e r a i t -  
t e n c i e s ,  a  prime f a c t o r  i n  t h e  i n s i s t e n c e  
on an  u n i n t e r r u p t i b l e  b a t t e r y  supply.  To 
enhance r e l i a b i l i t y ,  redundant PDP-1114 
computers have been i n s t a l l e d  t o  a n a l y z e  
and d i s p l a y  d a t a .  Maintenance by DEC has  
sometimes been s low,  a l though  t h e  system 
h a s  been complete ly  down only  once i n  t h e  
l a s t  2 y e a r s ,  thanks  p r i m a r i l y  t o  redun- 
d a n t  equipment. 



Plans include staffing up to one 
full-time engineer per mine for the moni- 
toring system. Although the system ini- 
t ially gave frequency "nuisance" alarms, 
those problems have largely been solved, 
with the occasional exception of false 
alarms associated with the monthly cali- 
bration procedure. They also conduct a 
weekly inspection. Where alarms are dis- 
played at the surface, the appropriate 
site is notified by telephone. 

Future plans include monitoring of 
methane and airflow in returns. They 
have a methane drainage research project 
for which they have currently purchased 
methane and airflow monitors. During a 
6-week period in the winter of 1981, they 
lost 10 shifts of longwall production as 
a result of gas outs, shutdowns that are 
sometimes mine wide and are the motiva- 
tion for their ventilation monitoring and 
control plans. 

Adjustment and deployment of the 
monitoring system hardware, including 
sensors, is a nuisance factor. There 
have also been incidents of either will- 
ful or careless destruction of equipment, 
particularly sensors. 

They also monitor bearing tempera- 
ture and water gage on their main ven- 
tilation fans, using a FSK audio band 
telemetry scheme. 

The software for the S.R. Smith sys- 
tem was written by a software specialist. 
The costs for software were viewed as 
substantial. 

Mine D 

Coal producer D has made a very sub- 
stantial commitment to its mine-wide 
monitoring, data acquisition, and con- 
trol. Its mines are deep, with typically 
more than 2,000-foot overburden, are very 
gassy, and have difficult roof control 
problems. As a result, the producer has 
received permission to use the belt pas- 
sageway for inlet air, provided that 
carbon monoxide is monitored. Currently 

two mines are equipped with belt fire 
monitoring equipment and two more are be- 
ing outfitted. The two that are present- 
ly on-line have been operating for about 
6 months. The system consists of Ecolyz- 
er carbon monoxide sensors, with up to 40 
monitors per mine, a Giangarlo transmis- 
sion system, and Niagra Scientific compu- 
tational and display equipment. There is 
no maintenance contract. The software 
was provided by Giangarlo. The system 
scans stations at a rate of about 1 per 
second. The cabling for the system is 
military surplus wire that is four- 
conductor twisted No. 19 wire with steel 
armor, which mine personnel purchased in- 
expensively. It has been found that the 
digital (frequency shift) signals can be 
transmitted up to about 3 miles with vir- 
tually no problems. The alarm algorithm 
at present is simply a level exceedance 
alarm. There have been four cable fail- 
ures in the last 6 months, two failed 
open and two failed shorted, owing to ac- 
cidents with large boulders on the belt. 
In the case of cables failing open, the 
system continued to operate up to the ca- 
ble break, and in the case of cabling 
failing shorted, the entire system was 
faulted until repaired. 

It is estimated that maintenance 
of th.e system requires about two man- 
shifts per week, including daily, week- 
ly, and monthly inspections. The daily 
inspe,ction is a physical inspection by 
the fire boss, the weekly inspection in- 
volves electrical tests, and the monthly 
inspe.ction involves span calibration. 
The maintenance effort was estimated to 
be alpproximately one-half inspections 
and calibrations and one-half repair 
functions. 

Ac power tends to be unreliable and 
intermittent. As a result, a gel-cell 
power has been installed for each sensor 
with a 48-hour capacity and continuous 
trick.le charge. In the event of inadver- 
tent disconnect and resultant battery 
discharge, the Ecolyzer indicates a false 
alarm. 



All four systems were expected to be 
operating by 1982. Following completion 
of this carbon monoxide fire monitoring 
system, the system will be extended to 
monitor belt operation. In the No. 3 
mine, there are 25 belts, each typically 
4,000 feet long. The intent of the belt 
monitoring is to display remotely infor- 
mation about which belts are down and 
possibly, diagnostics as to failure mode. 

Because the seam being mined is ex- 
tremely gassy, the required amount of air 
is very high. This demand, combined with 
the extreme depth, results in very high 
water gage and very high ventilation 
costs. As a result, variable pitch ven- 
tilation fans have been installed, and 
methane and airflow will be monitored in 
the returns and the fan pitch modified 
accordingly to reduce ventilation costs. 
When a 2,000-hp fan was increased to a 
larger 7,000-hp variable-pitch fan, the 
power costs increased $1,900 per day at 
that mine. Plans also exist to monitor 
the temperature and vibration of fan 
bearings. 

In addition, the producer is also 
automating its billing, inventory con- 
trol, and maintenance functions, such as 
maintenance history, equipment inventory, 
lubrication histories, preventive mainte- 
nance, etc., as well as automating some 
mapping and plotter routines. These com- 
putational facilities will use their own 
computers and programs and not piggyback 
on the fire monitoring system. 

Other monitoring plans include 
production tonnage monitoring, by sec- 
tion and shift, as well as power cen- 
ter monitoring, particularly on longwall 
sections. 

Mine E 

Mine monitoring at operation E has 
the following three distinct functions: 

Trapped miner location-roof fall 
monitoring. 

Ventilation monitoring at 11 
stations. 

Fan monitoring. 

Trapped Miner-Roof Fall Detection 

The trapped miner system was origi- 
nally installed several years ago as a 
Bureau-funded research project . Six com- 
mercial, 40-Hz resonance, moving coil 
geophones are implanted about 2,000 feet 
apart in 50-f t-deep holes backfilled 
with sand. Their seismic output is fed 
to a Texas Instruments 980A computer that 
computes the epicenter of any event ob- 
served by three or more geophones. The 
software package includes graphics that 
plot the trapped miner-roof fall location 
with a triangle if three geophones 
received the signal, a square if four 
were activated, and an asterisk if five 
or more sensed the disturbance. The co- 
ordinates and computed confidence margin 
(error) are printed. Triangulation in 
the southern mine sections where the 
equipment is located is to within 50 to 
100 feet. A disturbance count is also 
recorded. The trapped miner equipment is 
all located on the surface. 

Ventilation Monitoring 

Mine personnel at operation E were 
interested in upgrading mine technology 
and therefore were receptive to a Bureau 
of Mines request for a cooperative devel- 
opment. An electrical engineer from re- 
search was assigned to design and super- 
vise the fabrication and installation of 
a ventilation monitoring (methane, carbon 
monoxide, air velocity, temperature) sys- 
tem and to assist in the development of a 
trapped miner location system. The 
telemetry system he designed is an audio 
frequency, FSK serial transmission sys- 
tem. It has a capacity for 16 stations 
and a capability for up to eight analog 
inputs at each station (0-5 volts dc). 
Data are telemetered in an audio band. 
The system is powered with a converter 
that uses power from the trolley wire, 



conver t ing  -345 v o l t s  dc t r o l l e y  power t o  
13  v o l t s  dc. A t  each s t a t i o n  t h i s  13- 
v o l t  power i s  aga in  converted t o  +15 and 
25 f o r  l o g i c  and c o n t r o l  c i r c u i t s .  Meth- 
ane is  de t ec t ed  by mounting a Bacharach 
c e l l  d i r e c t l y  on top of t he  explosion- 
proof con ta ine r  t h a t  houses t he  e l ec -  
t r o n i c s .  Access t o  t h e  box is  v i a  mult i -  
p i n  Amphenol environmental connectors.  

Carbon monoxide i s  de t ec t ed  w i th  an 
Ecolyzer  4000 device ,  from which the  110- 
v o l t  conver te r  has  been removed. A i r  
v e l o c i t y  i s  measured wi th  a J-Tec ane- 
mometer, mounted on a 3-ft-long pole  near  
t h e  c e n t e r  of t h e  passageway. Flow c a l i -  
b r a t i o n  is  accomplished wi th  a Davis 
anemometer. 

The process ing  d i s p l a y  package 
p r i n t s  hourly summaries of t h e  low read- 
i n g ,  high reading,  and hourly average a t  
each  s t a t i o n .  

Manual cross-checks of t h e  system by 
t h e  f i r e  boss on h i s  round a r e  used t o  
v e r i f y  system accuracy and r e l i a b i l i t y .  
Each s t a t i o n  is  i n t e r r o g a t e d  e l e c t r o n i -  
c a l l y  every 5 min. The system has a 
capac i ty  f o r  16 s t a t i o n s  and a maximum 
c y c l e  r a t e  of 2.5 seconds per  s t a t i o n .  

Telemetry cab les  (unshielded tw i s t ed  
p a i r s )  a r e  s t rung  ad j acen t  t o  t h e  t r o l l e y  
w i r e s .  The ope ra t i on  is g radua l ly  re lo-  
c a t i n g  these  cab l e s ,  s i n c e  t h e  most f r e -  
quent  f a i l u r e  mode f o r  t h e  system i s  a 
l o s s  of t e lemet ry  because of a cab l e  c u t  
by a d e r a i l e d  t r o l l e y '  pantograph. Be- 
cause  of l i n e  l o s s e s ,  t h e  sensors  must be 
w i t h i n  500 f e e t  of t h e  power supply and 
te lemet ry  system. 

Data a r e  processed a t  t h e  s u r f a c e  
( t h r e sho ld ing  , time averaging,  high and 
low peak) and s t o r e d  on a P h i l l i p s  cas- 
s e t t e .  The c a s s e t t e s  can be processed 
w i t h  a p r i n t  r o u t i n e  t o  gene ra t e  hard 
COPY 

A problem encountered dur ing  devel- 
opment of t he  w i r e  power-to-12-volt dc 

conver te r  was t h a t  t h e r e  a r e  massive 
t r a n s i e n t s  on t h e  t r o l l e y  wire  t h a t  t he  
conve r t e r  could not  handle. The solu-  
t i o n  was t o  use a high wattage vo l tage  
d i v i d e r  wi th  a zener l i m i t ,  t hen  dc-to- 
dc  convert  t he  vol tage-divided,  f i l t e r e d  
dc. 

The ope ra t i on  has asked f o r  exten- 
s i o n  of t h e  v e n t i l a t i o n  monitoring system 
t o  the  no r th  t o  cover t h e  o t h e r  ha l f  of 
t h e  mdne. However, the  r e sea rch  s t a f f  i s  
now committed t o  o t h e r  p ro j ec t s .  

A l l  maintenance and ope ra t i on  i s  
perf  olrmed in-house. Spare boards a r e  
stock.ed f o r  t he  TI 980 and t h e  computer 
i s  nlaintained by swapping out  d e f e c t i v e  
boardls. Normal maintenance and record 
keeping t akes  about 45 min per  day. The 
system c o s t s  a l i t t l e  over  $100,000. In- 
d i v i d u a l  s t a t i o n s  c o s t  $2,000 t o  $2,500. 
The b igges t  maintenance c o s t ,  by f a r ,  i s  
l i n e  r epa i r .  

Fan l lon i tor ing  

The primary v e n t i l a t i o n  f a n s  a r e  
cont inuously monitored. Local system dc 
power and f an  head, i n  inches  of water ,  
a r e  repor ted  hourly wi th  a low, average, 
and high reading. Alarm s t a t u s  i s ,  of 
course,  immediately pr in ted .  

Mine F 

Operator F has t h r e e  mines t h a t  
sha re  a power d i s t r i b u t i o n  system and 
t h a t  have very s u b s t a n t i a l  monitoring in-  
s t rurnentat ion.  Mine personnel  have a l s o  
begun development of a d a t a  base acquis i -  
t i o n  system. The system c o n s i s t s  of sev- 
e r a l  l a y e r s ,  developed sequen t i a l l y .  

The i n i t i a l  i n s t a l l a t i o n  was a sur -  
f a c e  system f o r  f a n s  and c i r c u i t  break- 
ers. La t e r ,  haulage monitoring and un- 
derground f i r e  d e t e c t i o n  were added. A 
l a r g e  d a t a  base superv isory  c o n t r o l  
systlem is  now being i n s t a l l e d  t h a t  w i l l  
be used t o  upgrade t h e  f a n  monitoring 
t o  inc lude  v i b r a t i o n  and temperature  



moni tor ing  s o  a s  t o  (1 )  a n t i c i p a t e  f a i l -  
u r e ,  ( 2 )  d e t e c t  smoldering f i r e s  by us- 
i n g  carbon monoxide moni to rs ,  ( 3 )  con- 
t r o l  u t i l i t y  c o s t s  by power shedding when 
d e s i r a b l e ,  ( 4 )  extend haulage monitor- 
i n g  and c o n t r o l ,  and/or  (5 )  a c q u i r e  and 
s t o r e  maintenance d a t a  on machines f o r  
p r even t i ve  maintenance and f a i l u r e  
a n a l y s i s .  

Quota t ions  f o r  t h i s  system a r e  being 
s o l i c i t e d  from mine moni tor ing system 
vendors  and p a r t i c u l a r l y  from process  
c o n t r o l  and energy management equipment 
vendors.  A b r i e f  summary of t h e  equip- 
ment t o  d a t e  fol lows.  

Su r f ace  System 

The s u r f a c e  system moni tors  v e n t i l a -  
t i o n  f a n s  and t h e  s t a t u s  of c i r c u i t  
b reakers .  A t  p r e s e n t ,  t h e r e  a r e  13 f a n s  
i n  t h e  complex and 28 moni tor ing subs ta -  
t i o n s .  The system was developed in-house 
i n  1973 and uses  a hard-wired FSK tech- 
n ique ,  wi th  a 40-channel capac.i ty.  

Underground Haulage and F i r e  Detec t ion  

A t  p r e sen t  t h e r e  a r e  about  s i x  sec-  
t i o n s  of ins t rumented  haulage.  A CRT 
d i s p l a y  a t  t h e  d i s p a t c h e r  i n d i c a t e s  t h e  
number of a v a i l a b l e  empty c a r s  a t  each 
s t a t i o n ,  an  e s t ima t ed  time of d e p l e t i o n  
of c a r s  ( a  f u n c t i o n  of whether t h e  mine 
i s  c u t t i n g ) ,  t h e  number of loaded c a r s ,  a 
count  of loaded c a r s  f o r  t h e  s h i f t ,  and 
whether t h e  b e l t  is  running. 

Heat s enso r  f i r e  d e t e c t i o n  ou tpu t s  
a r e  a l s o  d i sp layed .  Data a c q u i s i t i o n  
i s  accomplished w i th  a Westinghouse 
neumalogic system. A deluge system is  
c o n t r o l l e d  by t h e  ou tpu t ,  

Power Monitoring 

The t h r e e  mines have a monthly u t i l -  
i t y  b i l l  of s e v e r a l  hundred thousand dol-  
l a r s .  A s  a r e s u l t ,  a t t e n t i o n  is being 

i n g  given t o  power c e n t e r  c o n t r o l  and 
l oad  shedding. A t  p r e s e n t ,  o v e r a l l  power 
d r a i n  d a t a  a r e  provided t o  d i s p a t c h e r s ,  
s o  t h a t  they can shed "unnecessary" o r  
lower p r i o r i t y  loads  ; however, sheddi.ng 
r a r e l y  happens because of p roduc t ion  
p r e s su re s  and t h e  overwhelming complexity 
of t h e  problem. E f f e c t i v e  c o n t r o l  re-  
q u i r e s  mine-wide in format ion ,  a n a l y s i s ,  
and s y n t h e s i s  of t h e  da t a .  

The ope ra t i on  buys power from t h e  
l o c a l  u t i l i t y  a t  69 kV, then  d i s t r i b u t e s  
and t ransforms t h e  power f o r  t h e  opera- 
t i o n s .  Power b i l l i n g  i s  i n  p ropo r t i on  
t o  t h e  h ighes t  30-min average,  us ing  
s e q u e n t i a l  time windows (no t  a f l o a t i n g  
window). 

Methane Monitoring 

Methane i s  con t inuous ly  monitored i n  
one abandoned a r ea .  

Mine G 

Operator  G has a Motorola I n t r a c t  
2000, UHF high-band t r a n s m i t t e r - r e c e i v e r  
system t h a t  is  used a t  t h r e e  mines. Per- 
sonne l  a t  t h i s  mine monitor v e n t i l a t i o n  
f a n  ope ra t i on ,  s ens ing  wate r  gage,  and 
measuring bea r i ng  temperature  and v ibra -  
t i o n ,  I n  each i n s t a n c e ,  t h e  a larm l e v e l  
exceedance i s  t h e  only d a t a  t r an smi t t ed .  
I n  t h e  ca se  of c i r c u i t  b r eake r s ,  they 
have t h e  c a p a b i l i t y  t o  r e s e t ,  t r i p ,  and 
monitor each of these .  

Each mine t y p i c a l l y  has s e v e r a l  f a n s  
and perhaps 20 c i r c u i t  b reakers  phys ica l -  
l y  d i s t r i b u t e d  over  t h e  coun t ry s ide ,  per-  
haps  up t o  4 o r  5 m i l e s  d i s t a n t  from t h e  
p o r t a l .  E l e c t r i c a l  power i s  e i t h e r  7,200 
v o l t s  a c  three-phase o r  300-volt dc t r o l -  
l e y  power. I n  t h e  case  of c i r c u i t  break- 
e r s ,  t h e  system i s  used p r ima r i l y  f o r  
c o n t r o l  and f o r  r e s e t t i n g  a f t e r  i n t e r r u p -  
t i o n s .  They r e s e t  as a t e s t ,  and, i f  
t h e r e  is a second i n t e r r u p t i o n ,  they d i s -  
pa tch  a man t o  t h e  s i t e .  S ince  f a n  



moni tor ing  i s  r equ i r ed  by law, t h e  system 
saves  personne l  assignment t o  monitor t h e  
remote f ans .  

A t  t h e  c e n t r a l  s t a t i o n ,  l o c a t e d  i n  
t h e  maintenance shop,  d a t a  a r e  d i sp l ayed  
on  a  conso le  w i th  e i g h t -  s t a t u s  l i g h t s ,  
d e s i g n a t i n g  t h e  p resence  o r  absence of 
t h r e s h o l d  exceedance of any one of e i g h t  
sensed v a r i a b l e s  a t  a  s i t e .  There i s  a l -  
s o  a  hard-copy p r i n t o u t  on a  TI  p r i n t e r  
of  twice-a-day s t a t u s ,  p lu s  alarms. One- 
t h i r d  s p a r e s  a r e  main ta ined ,  and Motorola 
g i v e s  a  3-to-8-week turnaround t ime f o r  
r e p a i r s .  The system has  been on- l ine  f o r  
15  months, w i th  many i n i t i a l  problems 
t h a t  have e v i d e n t l y  been worked ou t .  

Two f u l l y  q u a l i f i e d  t e c h n i c i a n s  
w i t h  FCC l i c e n s e s  a r e  on t h e  s t a f f  and 
a  t h i r d  i s  be ing  sought .  Tes t i ng  and 
q u a l i f i c a t i o n  c e r t i f i c a t i o n  i s  con t r ac t ed  
ou t .  

Moni tor ing of t h i s  s o r t  d a t e s  t o  
1969 when i t  began w i t h  a  FEMCO hardware 
system. I n  1975, an i n t e r m e d i a t e  r a d i o  
system was added and,  l a t e r ,  t h e  I n t r a c t  
2  000. 

The pa r en t  r e s e a r c h  o r g a n i z a t i o n  has  
a l s o  experimented w i t h  t h e  f e a s i b i l i t y  of 
moni to r ing  c a r s ,  a s  w e l l  a s  p roduc t ion  
a c t i v i t y ,  on each  s e c t i o n ,  t o  improve t h e  
e f f i c i e n c y  of t h e  d i s p a t c h  of c a r s  t o  
o p e r a t i n g  s e c t i o n s .  Th is  was a  t e s t  of 
i n s t rumen ta t i on  and techn ique ,  u s ing  one 
s e c t i o n .  They measured 

c.  F u l l  c a r s .  

d. Empty--full convers ions .  

3. How many c a r s  a v a i l a b l e  a t  t h e  
dump s i t e ?  

The ,goal was t o  reduce t h e  "no empty" de- 
l a y s  a t  t h e  s e c t i o n .  

The d i s p a t c h e r  has  vo i ce  communica- 
t i o n  w i th  t h e  locomotive eng ineer  and t h e  
l oad ing  supe rv i so r  a t  each s e c t i o n .  De- 
velopment of t h e  des ign  began w i th  t h e  
fo l lowing  c o n s t r a i n t s :  

1. Commercial s enso r s  t o  be used ,  
perhaps  repackaged. 

2. E x i s t i n g  phone l i n e s  t o  be used 
( G a i t r o n i c s )  [bu t  no t  same w i r e s ,  i . e . ,  
u s e  phone-quali ty wir ing.  Cable i s  f i g -  
u r e  8 ,  wire-supported,  wi th  40 conductors  
i n  p a i r s . ] .  

The s e n s o r s  t e s t e d  were 

1. I n f r a r e d  p h o t o c e l l  ( c a r  count ) .  

2. In - t rack  magnetic proximity  
(count )  . 

3. Sonic l e v e l  ( ful l -empty) .  

4. Current  sensor  a t  l oad  cen t e r .  

a. Off 

b. Tramming 
1. Is t h e  s e c t i o n  ope ra t i ng?  

a .  Continuous miner o f f .  

b. Continuous miner tramming. 

Continuous miner c u t t i n g .  

2. A t  t h e  s e c t i o n ,  how many-- 

a .  Cars a t  ramp. 

b. Empty c a r s  wai t ing .  

c. Cu t t i ng  

5. T r a f f i c  swi tch  p o s i t i o n s .  

A l l  d a t a  were t e lemete red  t o  t h e  
d i s p a t c h e r .  There a r e  l o c a l  d i s p l a y s  f o r  
debugging purposes.  I n t e l  microproces- 
s o r s  were used i n  remote s t a t i o n s .  

A t e s t  of t h e  s ens ing  system was 
conducted by s t a t i o n i n g  an observer  t o  
n o t e  v i s u a l l y  c a r  passage,  ope ra t i ng  



time, empty-full status, and switch posi- 
tion. The test results were 

Visual Automatic Error 

Direction...... 582 599 3% 
Empty-full ..... 230 233 1% 
Operating 
time.....min.. 820 813 
Switch position 4 9  49  0 

It was concluded that sensing reliability 
was good and quite adequate. 

The most difficult problems were (1) 
the deployment-redeployment of sensors, 
and (2) cost-complexity of the system. 

It was concluded that this type of 
rail haulage monitoring is technically 
feasible; however, the economic viabil- 
ity is probabilistic. There is econom- 
ic payback only if all sections are 
instrumented, since intersection co- 
ordination is the goal. The operator 
opted for a computer simulation at this 
point to evaluate the economics, using 
a modified version of the Penn State 
RailSim program. The results indicated 
substantial incremental improvement in 
productivity, but since the operation 
is market limited, the economics for 
such a system were not quite attractive; 
i.e., it cannot easily sell more coal per 
year and cannot capitalize on the poten- 
tial to run less days per year because 
of large capital costs and institutional 
factors. 

A simpler less costly system might 
be viable. For example, a system that 
reported 

1. Whether the section is operating 
(power center). 

i 

2. What the car count is at the 
dump site. 

3. Other data manually input by the 
dispatcher. 

Since use of longwall sections is 
expected soon, problems with haulage 

coordination will be intensified. " In- 
tangibles" (safety, morale, health, labor 
resistance, sabotage, etc.) are hard to 
evaluate. 

A "smart sensor" standalone is being 
considered that-- 

1. Obtains power off rail line. 

2. Senses a parameter, converts 
data to a secure format. 

3. Transmits wireless. 

Passive (unpowered) sensors are used 
wherever possible, and sensors are mini- 
mized (more manual input). 

Power Monitoring 

Billing of power used by energy- 
intensive industrial users is based on a 
base rate plus a peak load factor. Mine 
G's local utility expects to go to a peak 
factor based on the highest 5-min aver- 
age, perhaps highest floating 5-min aver- 
age. Although the potential savings are 
very substantial, an automatic power 
management system is clearly required to 
react within 5-min windows. 

A very ambitious computerized main- 
tenance management program has also been 
begun. There seems to be a likelihood 
that haulage and ventilation monitor- 
ing and/or control will eventually be 
attempted. 

Mine H, Federal NO. 2 

Sensors for carbon monoxide and 
methane were placed so as to compare 
methane concentrations entering and leav- 
ing each section. Differential pressures 
were also measured to highlight ventila- 
tion problems owing to partial blockages, 
etc. Temperature, humidity, and air 
velocity were also measured at dozens of 
sensor stations. Computer control was 
performed at West Virginia University. 
These early tests served to prove that 
the task of underground monitoring was 
technologically feasible (2). 



More r e c e n t l y ,  a  s i m i l a r  system has  
been used t o  t e s t  t h e  concept of v e n t i l a -  
t i o n  c o n t r o l  (1). V e n t i l a t i o n  param- 
e t e r s ,  i nc lud ing  methane, carbon monox- 
i d e ,  t empera ture ,  humidi ty ,  a i r f l o w ,  and 
d i f f e r e n t i a l  p r e s s u r e ,  were measured. 
V e n t i l a t i o n  r e g u l a t o r s  ( louver  door de- 
s i g n )  were opera ted  e l e c t r o n i c a l l y ,  and 
t h e  r e s u l t a n t  v e n t i l a t i o n  r e d i s t r i b u t i o n  
was monitored.  

Mine I 

Drainage of methane i n  advance of 
mining i s  an e f f e c t i v e  way of minimiz- 
i n g  methane con t en t  a t  t h e  working face .  
S ince  most c o a l  mining c o u n t r i e s  have 
enac ted  s a f e t y  r e g u l a t i o n s  t h a t  r e q u i r e  
t h a t  f a c e  equipment be s h u t  down i f  t h e  
methane con t en t  i n  t h e  a i r  r eaches  a  
predetermined l e v e l ,  methane d r a inage  
h a s  p roduc t ion  a s  w e l l  a s  s a f e t y  bene- 
f i t s .  Because methane l i b e r a t i o n  in -  
c r e a s e s  w i th  r a t e  of c o a l  p roduc t ion ,  
methane d r a inage  is  more d e s i r a b l e  i n  
h igh ly  mechanized longwal l  ope ra t i ons  
where p roduc t ion  r a t e s  a r e  r e l a t i v e l y  
high.  A s  a  r e s u l t ,  methane dra inage  i s  
used e x t e n s i v e l y  i n  Europe where longwal l  
mining ha s  become very  common. I n  1975, 
approximately  7.5 b i l l i o n  cub ic  f e e t  of 
methane was d r a ined  i n  P o l i s h  mines,  
and over  21 b i l l i o n  cub ic  f e e t  were 
d r a ined  from mines i n  t h e  Federa l  Repub- 
l i c  of Germany ( I ) .  Recent ly ,  methane 
d r a inage  has  a l s o  become more important  
a s  t h e  p roduc t ion  r a t e s  i n  U.S. mines 
have i nc r ea sed .  

Because of t h e  i n h e r e n t  des ign  t h a t  
roof f a l l s ,  bottom heaving,  e t c . ,  may 
r u p t u r e  t h e  methane d r a inage  p ip ing ,  
t h e  Bureau of Mines ha s  s p e c i f i e d  
t h a t  d r a inage  systems be equipped w i th  
a  " f a i l - s a f e "  moni to r ing  and c o n t r o l  
system (11). B a s i c a l l y ,  t h e  system 
should be a b l e  t o  s h u t  o f f  t h e  flow of 
methane i n t o  t h e  d r a inage  p ipe  i n  t h e  
even t  of unsafe  c o n d i t i o n s  such a s  a  
power f a i l u r e  o r  b reak  i n  t h e  d r a inage  
p ip ing .  

One such system has  been success-  
f u l l y  employed i n  t h e  Bethlehem Mines, 
Marianna No. 58, l oca t ed  i n  Marianna, Pa. 
This  system c o n s i s t s  of MSA methane sen- 
s o r s  l oca t ed  a t  500-foot i n t e r v a l s  i n  t h e  
airway con t a in ing  t h e  methane dra inage  
pipe.  The ou tpu t  from t h e s e  i n t r i n s i c a l -  
l y  s a f e  s enso r s  i s  t r an smi t t ed  t o  a  con- 
t r o l  pane l  l oca t ed  i n  a  nearby f r e s h  a i r  
en t ry .  Also l oca t ed  i n  t h e  f r e s h  a i r  
e n t r y  i s  a  smal l  (1 -05-cfm) a i r  compres- 
s o r  t h a t  s u p p l i e s  a i r  through PVC tub ing  
s t r apped  t o  t h e  d ra inage  p ipe ,  t o  t h e  
pneumatical ly  a c tua t ed  shu to f f  va lve s  lo-  
c a t ed  a t  each borehole.  The va lve s  a r e  
s p r i n g  loaded and he ld  open by t h e  a i r  
from t h e  compressor. 

The system can a l s o  i nco rpo ra t e  
a  " r ece iv ing"  s t a t i o n  ( l o c a t e d  above 
ground) t h a t  con t a in s  meters  t h a t  in-  
d i ca . t e  t h e  methane con ten t  measured by 
t h e  s e n s o r s  and r eco rde r s  t h a t  provide a  
cont inuous l og  of t h e  sensor  ou tpu t .  

I n  t h e  event  of a  power f a i l u r e ,  t h e  
compressor would cea se  t o  f u n c t i o n ,  t h e  
a i r  p r e s s u r e  i n  t h e  PVC tub ing  (normally 
55 p s ig )  would d rop ,  and t h e  va lve s  would 
c lo se .  I f  t h e  methane con ten t  i n  t h e  
airway con t a in ing  t h e  d r a inage  p ipe  ex- 
ceeds 1% (due t o  a  l e a k  i n  t h e  p i p e ) ,  t h e  
PVC tub ing  i s  vented by so l eno id s  l oca t ed  
on t:he c o n t r o l  pane l  and t h e  va lves  aga in  
s h u t  down t h e  methane flow. I n  a d d i t i o n ,  
i f  a  roof f a l l  r u p t u r e s  t h e  d ra inage  
p ipe ,  it w i l l  a l s o  rup tu r e  t h e  o t h e r  PVC 
tub ing  t h a t  i s  s t r apped  t o  t h e  t o p  of t h e  
p ipe ,  au toma t i ca l l y  dropping t h e  p r e s su re  
and c l o s i n g  t h e  va lves .  F i n a l l y ,  i f  a  
s enso r  f a i l s  t o  ope ra t e  o r  a  c ab l e  i s  
s eve red ,  t h e  so l eno id s  w i l l  ven t  t h e  PVC 
tub ing  and aga in  c l o s e  t h e  borehole  
va lve s .  

References  10 and 18 d i s c u s s  t h i s  
system i n  more d e t a i l .  

A summary of t h e  moni tor ing systems 
reviewed i s  presen ted  i n  t a b l e  4-6. 



TABLE 4-6. - Summary of moni to r ing  systems surveyed i n  U.S. underground c o a l  mines 

Funct ion. . . . . . . . . . . . .  

Parameters  monitored.  

S i z e :  
Remote s t a t i o n s . . . .  
I n p u t  p e r  s t a t i o n . .  

Telemetry:  
Cables . . . . . . . . . . . . .  

Format 
Data d i s  

............. 
play .  ........ 

Alarm................ 
Year i n s t a l l e d . . . . . . .  
Comments............. 

Function.. . . . . . . . . . . .  

Parameters  monitored.  

S i z e :  
Remote s t a t i o n s . . . .  
I n p u t  p e r  s t a t i o n . .  

Telemetry:  
Cables.. . . . . . . . . . . .  

Format............. 
Data d i s p l a y . .  ....... 
Alarm................ 
Year i n s t a l l e d . . . . . . .  
Comments............. 

........ Voice and d i g i t a l .  
Line p r i n t e r ,  CRT's above 

and below ground. 
NO.. . . . . . . . . . . . . . . . . . . . . . .  
1978...................... 
Produc t ion  r e p o r t s ,  man- 

power p lanning .  
D ....... B e l t  f i r e  monitor. .  

CO.. . . . . . . . . . . . . . . . . . . . . . .  

1 3 . . . . . . . . . . . . . . . . . . . . . . . .  
I. . . . . . . . . . . . . . . . . . . . . . . . .  

I 
4-conductor, sh ie lded . . . . .  

~ 

C 
B e l t  f i r e  moni to r ,  

equipment s t a t u s .  
C O ,  f a n  tempera ture  and 
p r e s s u r e ,  d e g a s i f i c a -  
t i o n  pumps, f i r e  sup- 
p r e s s i o n  o p e r a t i o n .  

A 
Produc t ion ,  maintenance,  

communication. 
Input  from s e c t i o n  
foremen. 

D i g i t a l .  .................. 
Line pr in te r . . . . . . . . . . . . . .  

B 
B e l t  monitoring.. . . . . . . . . .  

B e l t  o p e r a t i o n ,  b e l t  
sequenc ing ,  motor tem- 
p e r a t u r e  and power, CO. 

At s t a t i o n  and aboveground 
1981...................... 
Allowed 75.326 v a r i a n c e ,  

planned expansion--bel t  
m o n i t o r ,  v e n t i l a t i o n  

lo........................ 

2- and 4-conductor.. . . . . . .  

D i g i t a l .  .................. 
Line p r i n t e r ,  l i g h t  panel .  

Yes....................... 
1978...................... 
Planned expansion--air  
v e l o c i t y ,  CH4 monitor ing.  

E - 
Environmental ,  f a n  opera-  

t i o n ,  roof f a l l s .  
CO, C H 4 ,  a i r  v e l o c i t y ,  f a n  

power and p r e s s u r e ,  s e i s -  
mic a c t i v i t y ,  b a t t e r y  
v o l t a g e .  

ll........................ 
4......................... 

................. D i g i t a l . .  
Line p r i n t e r ,  p l o t t e r ,  

CRT, l i g h t  pane l .  
Yes....................... 
1974...... . . . . . . . . . . . . . . . .  
R e s u l t  of c o o p e r a t i v e  

agreement w i t h  Bureau of 
Mines. 

16 maximum. 

2-conductor and m u l t i -  
c o n d u c t o r ,  s h i e l d e d .  

D i g i t a l .  
Line p r i n t e r ,  CRT. 

2-leve 1. 
1978. 
Allowed 75.326 

v a r i a n c e .  
F 

Fan o p e r a t i o n ,  hau lage ,  
f i r e ,  environmental .  

Fan o p e r a t i o n ,  hau lage ,  
heat-C0, CH4. 

26. 
16 maximum. 

2- and 4-conductor, 
s h i e l d e d .  

D i g i t a l .  
L ine  p r i n t e r ,  CRT, 

l i g h t  pane l .  
Yes. 
1978. 
Planned expansion--fan 

t e m p e r a t u r e ,  v i b r a -  
t i o n ,  maintenance 

1 Research.  
NA Not a v a i l a b l e .  

Funct ion. . . . . . . . . . . . .  
Parameters  monitored.  

S i z e :  
Remote s t a t i o n s . . . .  
I n p u t  p e r  s t a t i o n . .  

Telemetry : 
Cables.. . . . . . . . . . . .  
Format............. ...... Data d i s p l a y . . .  

Alarm................ 
Year i n s t a l l e d . . . . . . .  
Comments............. 

NOTE.--Alphabetic d e s i g n a t o r s  a r e  t h o s e  used f o r  mine d e s i g n a t i o n s  i n  t e x t .  

monitor .  
G ............. Fan o p e r a t i o n  

Fan o p e r a t i o n ,  tempera- 
t u r e ,  p r e s s u r e ,  
v i b r a t i o n .  

lo........................ 
8......................... 

Radio link.. . . . . . . . . . . . . . .  
FM........................ 
Line p r i n t e r ,  l i g h t  pane l .  
Yes....................... 
1979...................... 
Had p r o t o t y p e  hau lage  mon- 

i t o r ,  planned expansion-- 
maintenance d a t a .  

H 
Environmental  monitor ing. .  
CH4, CO,  t e m p e r a t u r e ,  r e l -  

a t i v e  humidi ty ,  a i r f l o w ,  
d i f f e r e n t i a l  p r e s s u r e .  

12........................ ... 10 t o  20............... 

2-conductor............... ................... D i g i t a l  
Mine maps, CRT, t e l e t y p e . .  
2-level. . . . . . . . . . . . . . . . . . .  
1972...................... 
WVU exper iment ,  Bureau of 

Mines sponsored.  

d a t a .  
I 

Methane d r a i n a g e .  
CH4. 

>4. 
1. 

4-conductor. 
Analog. 
S t r i p  c h a r t ,  meter .  
2- level .  
1977. 
C o n t r o l s  d r a i n a g e  

v a l v e s ,  r e s u l t  of 
Bureau of Mines 



4.6.2 U.S. Underground Metal-Nonmetal 
Mines 

Mine J 

Although mine J i s  not  a  c o a l  mine, 
i t s  phys i ca l  l ayout  and mining technique 
a r e  very coal- l ike .  It is  a  very exten- 
s i v e ,  s i ng l e - l eve l ,  room and p i l l a r  mine 
t h a t  e x t r a c t s  about 5  m i l l i o n  t ons  per  
yea r ,  working about 7  f e e t  of a  9-foot 
seam t h a t  i s  1,200 f e e t  deep. The mine 
i s  c l a s s i f i e d  gassy because of t h e  pres- 
ence of o i l  s h a l e  above and below t h e  
seam. However, i t  is  allowed use  of t h e  
beltway f o r  f r e s h  a i r ,  s i n c e  metal- 
nonmetal mines a r e  governed by 30 CFR, 
P a r t  57, which is  l e s s  r e s t r i c t i v e  than  
t h e  s e c t i o n s  governing coa l .  

Up t o  10 cont inuous miner s e c t i o n s  
and a  longwall  a r e  operated.  Underground 
equipment is  e l e c t r i c ,  wi th  a  combination 
of r a i l  and b e l t  haulage.  

A very s a t i s f a c t o r y  50 - s t a t i on  haul- 
age  monitor ing system has been i n s t a l l e d ,  
and an a d d i t i o n a l  system i s  on or-  
de r .  There i s  about 20 mi l e s  of b e l t  
conveyors. 

The system, which was b u i l t  by Aqua- 
t r o l  Corp., monitors b e l t  f unc t i ons  such 
a s  b e l t  s l i p ,  plug up, sequencing, a l i gn -  
ment, e t c .  

Mine K 

Operator  K ope ra t e s  a  m u l t i l e v e l  
copper mine, and has an ambitious load- 
shedding program underway. The haulage 
i s  electr ic-powered t r a c k  and b e l t .  Face 
ope ra t i on  is  wi th  diesel-powered t rack-  
l e s s  veh i c l e s .  Sump pumps run up t o  
5,000 hp. The u t i l i t y  b i l l  i s  based on a  
15-min peak load f a c t o r ,  which i s  hoped 
t o  be reduced g r e a t l y  by load  shedding. 
The hardware and te lemet ry  w i l l  be pur- 
chased from Har r i s  Co. Enlargement t o  a  
mine-wide superv isory  c o n t r o l  and d a t a  
a c q u i s i t i o n  system, i nc lud ing  a i r f l o w ,  
perhaps product ion monitor ing d a t a ,  e t c . ,  

i s  a n t i c i p a t e d .  An example wi th  rap id  
payback i s  automatic  measurement of a i r  
q u a l i t y  fo l lowing  a  l a r g e  explos ive  sho t .  
A t  p r e sen t ,  a  rescue  team i s  d i spa tched  
t o  c e r t i f y  t h e  work a reas .  The r e s u l t  i s  
a  3- o r  4-hour mine-wide shutdown, which 
i s ,  of course ,  expensive.  

4.6.3 Foreign Mines 

A s  i n  many c o u n t r i e s ,  mine monitor- 
i n g  i n  Canada has become more important 
i n  r ecen t  years .  The Canadian Mining Re- 
s ea r ch  Labora tor ies  (CANMET) has been 
workwing on carbon monoxide and methane 
moni-toring i n  western Canada s i n c e  1976. 
One such monitoring system, which uses  an 
e1ec:trochemical carbon monoxide ana lyze r ,  
was i n s t a l l e d  i n  a  Kaiser  Resources mine 
t o  d e t e c t  mine hea t ing .  Air samples were 
drawn through 112-inch OD po lye the lene  
tub ing  from d i s t a n c e s  up t o  7,000 f e e t  
(5). I n  1978, t h i s  system de t ec t ed  a  
s igr l i f  i c a n t  r i s e  i n  t h e  carbon monoxide 
l e v e l s  i n  one r e t u r n ,  i n d i c a t i n g  t h e  po- 
t e n t i a l  onse t  of hea t ing .  This e a r l y  in-  
d i c a t i o n  of hea t i ng  was c r e d i t e d  wi th  
a l lowing t h e  mine t o  a l l e v i a t e  t h e  s i t u -  
a t i o n  without  i n t e r r u p t i n g  t h e  mining 
schedule  . 

CANMET began working on methane mon- 
i t o r i n g  i n  t h e  coa l  mines i n  western Can- 
ada i n  1977. This  work cen te red  around 
t h e  use of remote methane ana lyze r s ,  
aga in  by drawing a i r  samples througfi 
po lye the lene  tubing. I n  one mine wi th  a  
h i s t o r y  of sudden gas b u r s t s ,  t h e  system 
s u c ~ z e s s f u l l y  documented t h e  sudden meth- 
ane l i b e r a t i o n s  (8) .  - 

More r e c e n t l y ,  t h e  Cape Breton De- 
velopment Corp. has i n s t a l l e d  a  computer- 
based mine monitor ing system i n  i t s  coa l  
mine i n  Nova Sco t i a  (6). The system, 
which monitors  methane concen t r a t i ons ,  
a i r  v e l o c i t i e s ,  a i r  p r e s su re s ,  f a n  v ibra -  
t i o n ,  machine temperatures ,  and methane 
pump p re s su re ,  was suppl ied  by Transmit - 
t on  Ltd. 



Poland 

A s  i s  t r u e  f o r  much of Europe, t h e  
P o l i s h  c o a l  mining r e g u l a t i o n s  c o n s i d e r  
con t inuous  methane moni to r ing  i n  t h e  
r e t u r n  a i rways  w i t h  au tomat ic  deener-  
g i z i n g  a s  an  adequa te  a l t e r n a t i v e  t o  
i n d i v i d u a l  moni to r ing  on each  p i e c e  
of f a c e  equipment ( a s  i s  done i n  t h e  
Uni ted S t a t e s ) .  Fur thermore,  t h e  methane 
t h r e s h o l d  v a l u e s  p e r m i t t e d  by t h e  regu- 
l a t i o n s  a r e  a l s o  i n c r e a s e d  i n  mines where 
con t inuous  moni to r ing  and au tomat ic  de- 
e n e r g i z i n g  a r e  used ( 1 6 ) .  A s  d i s c u s s e d  
e a r l i e r ,  such r e g u l a t i o n s  tend t o  encour- 
age  t h e  u s e  of remote mine moni tor ing 
systems.  

The P o l i s h  Research and Development 
Cen te r  f o r  Mining Mechanizat ion,  E l e c t r o -  
t e c h n i c s  and Automation Sys tems (EMAG) 
has  been working on v e n t i l a t i o n  monitor-  
i n g  and c o n t r o l  systems f o r  P o l i s h  c o a l  
mines f o r  a  number of y e a r s .  The methane 
moni to r ing  systems c u r r e n t l y  c o n s i s t  of 
remote s e n s o r s ,  t e l e m e t e r i n g  equipment,  
and a  m i n i p r o c e s s o r ,  l o c a t e d  i n  a  c e n t r a l  
s t a t i o n  t h a t  r e c e i v e s  and ana lyzes  t h e  
d a t a .  The system has  t h e  c a p a b i l i t y  of 
a u t o m a t i c a l l y  s w i t c h i n g  o f f  e l e c t r i c  pow- 
e r  i f  t h e  methane c o n c e n t r a t i o n s  exceed 
t h e  s p e c i f i e d  l e v e l .  The system a l s o  
m a i n t a i n s  permanent r e c o r d s  of warnings 
and a larms and p r o v i d e s  summary r e p o r t s  
on methane l i b e r a t i o n  c y c l e s ,  etc. 

For f i r e  moni to r ing ,  EMAG has  a l s o  
developed a  carbon monoxide moni tor ing 
system based on a  c a t a l y t i c  s e n s o r  and an 
i o n i z a t i o n  fume s e n s o r .  The system h a s  
been t e s t e d ,  e x p e r i m e n t a l l y ,  i n  P o l i s h  
c o a l  mines. 

EMAG has  a l s o  worked on developing 
a u t o m a t i c a l l y  c o n t r o l l e d  a i r  r e g u l a t o r s  
f o r  c o a l  mines. The r e g u l a t o r ,  which 
h a s  pneumat ica l ly  o r  h y d r a u l i c a l l y  ac tu -  
a t e d  v a n e s ,  i s  in tended  t o  become p a r t  of 
a n  o v e r a l l  mine moni to r ing  and c o n t r o l  
system. 

Sweden 

S ince  most of t h e  mining i n  Swe- 
den i s  meta l  mining i n  nongassy mines ,  

i n t e r e s t  i n  methane moni tor ing and con- 
t r o l  i s  n o t  g r e a t .  The Swedish mines do 
u s e  d i e s e l s ,  however, and an  e f f o r t  i s  
underway t o  monitor carbon monoxide, 
n i t r o g e n  d i o x i d e ,  e t c .  I n  a d d i t i o n ,  some 
work has  been done on t h e  development of 
a u t o m a t i c  a i r  r e g u l a t i o n .  Because meth- 
ane l i b e r a t i o n  i s  no t  a  problem i n  Swed- 
i s h  mines,  mine a i r  r e g u l a t i o n ,  which 
would be based on t h e  number of d i e s e l s  
o p e r a t i n g  and on t h e i r  l o c a t i o n ,  i s  cur-  
r e n t l y  being s t u d i e d  (19) .  - 

U.S.S.R. 

Automatic moni tor ing and c o n t r o l  of 
mine v e n t i l a t i o n  systems has  been s t u d i e d  
i n  t h e  U.S.S.R. f o r  a  number of y e a r s .  
This  work has  r e s u l t e d  i n  t h e  development 
of an  au tomat ic  v e n t i l a t i o n  moni tor ing 
and c o n t r o l  system c a l l e d  ATMOS. This  
computer-based system is  r e p o r t e d l y  (14) 
a b l e  t o  monitor v e n t i l a t i o n  
( such  a s  methane c o n c e n t r a t  i o n ,  a i r f l o w ,  
e t c . ) ,  c a l c u l a t e  t h e  r e q u i r e d  a i r f l o w s ,  
and p rov ide  t h e  system o p e r a t o r  w i t h  in-  
fo rmat ion  on t h e  a p p r o p r i a t e  f a n  and reg- 
u l a t o r  s e t t i n g s .  V e n t i l a t i o n  c o r r e c t i o n s  
a r e  made on a  weekly b a s i s .  

The system has  been o p e r a t i o n a l l y  
t e s t e d  i n  two mines,  and t h e  M i n i s t r y  of 
Coal Mining i s  c u r r e n t l y  i n  t h e  p r o c e s s  
of commercial development of t h e  ATMOS 
system. 

Uni ted Kingdom 

The development and use  of remote 
mine moni tor ing systems i s  probably  more 
advanced i n  t h e  United Kingdom t h a n  i n  
any o t h e r  coun t ry ,  a p p a r e n t l y  f o r  two 
reasons .  

The f i r s t  i s  t h a t  B r i t i s h  mining 
r e g u l a t i o n s  tend t o  encourage t h e  u s e  of 
such  systems.  For example, i n  c o n t r a s t  
w i t h  U.S. r e g u l a t i o n s  r e q u i r i n g  t h a t  
methane moni tor ing d e v i c e s  be i n s t a l l e d  
on each p i e c e  of f a c e  equipment t h a t  can 
deenerg ize  t h e  equipment once t h e  e s t a b -  
l i s h e d  methane t h r e s h o l d  i s  exceeded, 
B r i t i s h  r e g u l a t i o n s  permit  moni tor ing of 
t h e  r e t u r n  a i rways f o r  methane i f  t h e  
d a t a  a r e  t r a n s m i t t e d  t o  a  c e n t r a l  c o n t r o l  



station that can remotely deenergize the 
affected equipment. 

The second, and probably the more 
important reason, is that the British 
coal industry is nationalized and is sup- 
ported by a centralized research organi- 
zation (the National Coal Board's Mining 
Research and Development Establishment-- 
MRDE). This arrangement has greatly fa- 
cilitated the development, testing, and 
implementation of mine monitoring systems 
in the United Kingdom. 

In the 19701s, the MRDE focused its 
attention on developing a universal moni- 
toring and control system that could be 
used throughout the coal mining industry. 
The system, called MINOS (for Mine Opera- 
ting System), is based on a common core 
of equipment that consists of a control 
console, central computer(s), and periph- 
erals. The application software is also 
the result of MRDE development. The mon- 
itoring systems are supplied to the mine 
by several independent companies that 
are free to market a variety of trans- 
ducers, data transmission equipment, and 
accessories. The concept of a universal 
computer-based operating system has per- 
mitted the MRDE to achieve certain econo- 
mies in the development of the system and 
tends to reduce interface problems. 

The applications of the MINOS moni- 
toring/control systems can be divided in- 
to the following six basic categories: 

1. Ventilation monitoring. 

2. Coal face monitoring. 

3. Coal clearance monitoring. 

4. Coal conveying monitoring. 

5. Fired plant monitoring. 

6. Preparation plant monitoring. 

Ventilation monitoring in the United 
Kingdom is currently being accomplished 
via tube bundle air sampling as well as 
telemetering of data from electromechan- 
ical transducers. In the former, air 

samples are drawn through tubes and ana- 
lyzed by using a gas analyzer located in 
a surface lab facility. In the latter, 
the output of the transducers is fed to 
outstations that encode and transmit the 
data to the surface via a communications 
cable. In either case, the environmental 
data (methane, oxygen, carbon monoxide 
levels, airflow, differential pressure, 
etc.) are analyzed, stored, and displayed 
on video monitors located on the central 
control panel. The displays and hard- 
copy reports can consist of warnings, 
alarms, actual values, or graphs of long- 
term trends (9). As of 1980, there were 
approximately~two such systems either in 
operation or scheduled for installation 

Development of a system for moni- 
toring face equipment performance began 
in 1977. One version of the system, 
called FIDO (Face Information Digested 
On-line) was installed and tested in four 
colllieries by 1980. The National Coal 
Board plans to install the system in an 
additional 24 collieries that have ap- 
proximately 100 active coal faces (20). 
Although the system originally monitored 
only face equipment operations, the NCB 
plans to expand the system to provide 
data on such parameters as roof height, 
pick force , and equipment orienta- 
tion, and eventually to permit automatic 
control of such equipment as longwall 
sheisrers. 

Monitoring and control of under- 
ground coal conveying systems is rela- 
tively advanced in the United Kingdom, 
with the first system in operation in 
1972. The systems provide stop-start 
logic sequencing in addition to sensing 
of such parameters as bearing tempera- 
tures, blocked chutes, motor operation, 
etc. As of 1980, there were approximate- 
ly 30 such systems in operation in the 
United Kingdom (20). - 

Monitoring and control of coal 
preparation plant operations (such as 
conveying, reagent mixing, etc. ) is a 
relatively new application for the MINOS 
system. The system began development 
testing in the Lea Hall colliery in 1978. 



A d e c i s i o n  on expanding t h e  use  of t h e  
sys tem w i l l  depend on t h e  r e s u l t s  of t h i s  
i n p l a n t  demons t ra t ion .  

It should be p o i n t e d  o u t  t h a t  mine 
moni to r ing  systems based on t h e  MINOS 
concept  a r e  c u r r e n t l y  being manufactured 
i n  t h e  United S t a t e s .  

Germany 

I n  r e c e n t  y e a r s ,  remote moni tor ing 
of methane and carbon monoxide has  re -  
ce ived  i n c r e a s e d  a t t e n t i o n  i n  German c o a l  
mines. One reason  i s  t h a t  t h e  German 
F e d e r a l  Regula t ions  on mine h e a l t h  and 
s a f e t y  make such  systems d e s i r a b l e  and,  
i n  some c a s e s ,  necessa ry .  For example, 
t h e  German r e g u l a t i o n s  permit  h i g h e r  
methane t h r e s h o l d  v a l u e s  i f  c o n s t a n t  mon- 
i t o r i n g  i s  c a r r i e d  o u t  by permanently in-  
s t a l l e d  r e c o r d i n g  i n s t r u m e n t s  t h a t  can 
t e l e m e t e r  t h e  d a t a  t o  a remote c o n t r o l  
c e n t e r  t h a t  can  a u t o m a t i c a l l y  d e e n e r g i z e  
t h e  e l e c t r i c a l  f a c e  equipment (16) .  An- 
o t h e r  example i s  t h e  German requirement  
f o r  a u t o m a t i c  r e c o r d i n g  of carbon monox- 
i d e  l e v e l s  a long  a l l  b e l t  e n t r i e s .  

It h a s  been e s t i m a t e d  t h a t  a s  many 
a s  1 ,400 methane and 1,200 carbon mon- 
o x i d e  measuring d e v i c e s  were i n  u s e  i n  
t h e  Ruhr d i s t r i c t  i n  1978. Most of t h e s e  
provided remote t r a n s m i s s i o n  of t h e  mea- 
surement d a t a  t o  a c e n t r a l  c o n t r o l  s t a -  
t i o n .  I n  a d d i t i o n  t o  t h e  methane and 
carbon monoxide s e n s o r s ,  some 500 f ixed-  
p o i n t  a i r  v e l o c i t y  s e n s o r s  were a l s o  es -  
t i m a t e d  t o  be o p e r a t i n g  i n  Ruhr d i s t r i c t  
mines a s  of 1978. 

I n  a d d i t i o n ,  i n v e s t i g a t i o n s  have 
been conducted i n  Germany i n t o  t h e  u s e  of 
minicomputers a s  w e l l  a s  microcomputers 
t o  r e c e i v e  and p r o c e s s  t h e  d a t a  from t h e  
remote s e n s o r s .  The pr imary purposes  a r e  
( 1 )  t h e  r e d u c t i o n  of f a l s e  a larms through 
t r e n d  i d e n t i f i c a t i o n  and s i g n a t u r e  

matching and ( 2 )  t h e  manipu la t ion ,  pres-  
e n t a t i o n ,  and s t o r a g e  of l a r g e  amounts of 
moni tor ing d a t a .  

South A f r i c a  

Remote au tomat ic  d e t e c t i o n  of un- 
derground mine f i r e s  i s  a major concern 
f o r  South Afr ican  mining companies. This  
i s  p a r t i c u l a r l y  t r u e  f o r  t h e  deep l e v e l  
g o l d  mines because of t h e  l a r g e  amount 
of t imber  r e q u i r e d  f o r  roof suppor t  i n  
t h e s e  mines. I n s t a n c e s  of spontaneous 
combustion i n  South Afr ican  c o a l  mines 
have a l s o  been r e p o r t e d  i n  r e c e n t  y e a r s .  
For example, between 1968 and 1973 more 
t h a n  23 mine f i r e s  occur red  i n  one South 
A f r i c a n  mining d i s t r i c t .  Approximately 
65% of t h e s e  were a t t r i b u t e d  t o  spontane- 
ous  combustion ( 1 1 ) .  

Two b a s i c  approaches have been used 
i n  remote moni tor ing f o r  underground mine 
f i r e s .  I n  c o a l  mines,  an i n f r a r e d  gas  
a n a l y z e r  drawing a i r  samples through 
p o l y e t h e l e n e  tubes  has  been used t o  s e n s e  
carbon monoxide l e v e l s  ( 1  1 )  , and a corn- - 
b i n a t i o n  of i n f r a r e d  gas  a n a l y z e r s  and 
i o n i z a t i o n  chamber d e t e c t o r s  has  been 
used i n  t h e  underground go ld  mines (23) .  
I n  t h e  l a t t e r  c a s e ,  t h e  e l e c t r i c a l  zg- 
n a l s  from t h e  t r a n s d u c e r s  were t e l e -  
metered t o  a c o n t r o l  room l o c a t e d  above 
ground. I n  t h e  c o n t r o l  room, d a t a  ( c a r -  
bon monoxide l e v e l  f o r  t h e  gas  a n a l y z e r  
and i o n i z a t i o n  l e v e l  f o r  t h e  combustion 
and p a r t i c l e  d e t e c t o r )  a r e  recorded i n  
ana log  form on cont inuous  logs .  In  addi-  
t i o n ,  t h e  system has  t h e  c a p a c i t y  t o  
i n i t i a t e  a larms i f  s p e c i f i e d  l e v e l s  a r e  
exceeded. 

Although some d i f f i c u l t i e s  were en- 
coun te red  w i t h  t h e  a n c i l l a r y  equipment 
( s u c h  a s  r e c o r d e r s )  i n  t h e  tube  system 
and d i r t  and condensa t ion  i n  t h e  t e l e m -  
e t r y  sys tem,  bo th  have proven e f f e c t i v e  
i n  d e t e c t i n g  mine f i r e s .  
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