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PREFACE 

S i n c e  1969, t h e  Bureau of Mines, U.S. Department of I n t e r i o r ,  has 
sponsored numerous programs aimed a t  improving methods of underground 
communication. As a  r e s u l t  of t h e s e  r e s e a r c h  and development programs, 
a  w e a l t h  of in fo rmat ion  has  been made a v a i l a b l e  t o  t h e  mining i n d u s t r y .  
U n f o r t u n a t e l y ,  some of t h i s  m a t e r i a l  i s  h i g h l y  a n a l y t i c a l ,  and most i s  
w r i t t e n  i n  terms b e s t  unders tood by communication s p e c i a l i s t s .  Because 
of t h e  volume of d a t a  (over  100 s t u d i e s  have been performed) and i t s  
h i g h l y  t e c h n i c a l  n a t u r e ,  most of t h e  i n f o r m a t i o n  is  n o t  r e a d i l y  a v a i l -  
a b l e  f o r  p r a c t i c a l  a p p l i c a t i o n  by mine o p e r a t o r s .  This  manual b r i n g s  
t o g e t h e r  r e l e v a n t  d a t a  from a l l  p rev ious  r e p o r t s ,  s t u d i e s ,  and o t h e r  
s o u r c e s ,  and p r e s e n t s  t h e s e  d a t a  i n  such  a  way t h a t  they  may be a p p l i e d  
by t h e  mining i n d u s t r y  t o  improve communications i n  underground mines. 

T h i s  r e p o r t  i s  i n t e n d e d  a s  a  g u i d e l i n e  and n o t  a s  a  comprehensive 
documentary of mine equipment. I n s t a l l a t i o n  of equipment i n  a  mine 
shou ld  be done only  by people  thoroughly q u a l i f i e d  t o  do such work. 
I n s t a l l a t i o n s  shou ld  f o l l o w  procedures  recommended by t h e  equipment man- 
u f a c t u r e r  and should comply w i t h  good s a f e t y  p r a c t i c e s .  A l l  i n s t a l l a -  
t i o n s  shou ld  a l s o  comply w i t h  a p p l i c a b l e  codes and r e g u l a t i o n s .  
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CHAPTER 1.--INTRODUCTION 

1.1 History of Underground 
Communications 

Although the technology involved in 
removing material from below the earth's 
surface has a long history, communication 
systems in underground workings are rela- 
tively new to the industry. Communica- 
tion equipment did not begin appearing in 
underground mines until the early 1900's. 
Figure 1-1 shows a miner using a Western 
Electric standard telephone set for 
underground mines in 1913. These early 
phones were essentially the same as those 
used aboveground, except that they were 
enclosed in cast-iron boxes as protection 
against moisture, acid fumes, and gases. 

In the 1950's, the Chesapeake and 
Potomac Telephone Co. of West Virginia 
introduced a telephone set for use in 
explosive atmospheres that was designed 
around the philosophy of explosion 
containment. To contain an explosion 
within the telephone set required a 
39-pound casing, which greatly limited 
portability. 

FIGURE 1-1. - Coal miner talking on on under- 
ground telephone in 1913. 

Both of these telephone sets 
required "pipe" or conduit, not a very 
practical item for a 100-squaremile coal 
mine. A common thread prevalent in the 
first 40 years of design and development 
is that the primary effort was placed on 
the telephone set. 

In the early 19701s, as work began 
on the design of modern communication 
systems for use in underground mine 
environments, the following requirements 
were established: 

1. Must meet intrinsic safety 
standards .--This applies not only to 
coal mines, but to other explosive 
environments. 

2. Must be compatible with the 
environment.--The system must with- 
stand dust, moisture, and corrosive 
conditions. 

3. Must be rugged in structure.-- 
The system must withstand maintenance by 
10-inch pliers and 4-pound hammers, as 
well as impact from a falling piece of 
roof. 

4. Must be size-flexible.--Whatever 
is built must be sized for the small 
operator as well as the large companies. 

5. Must be a total system in 
design.--The system must be intrinsically 
safe, including cable, power supply, and 
station set. 

6. Must work with present tele- 
phone system.--The system should be com- 
patible with aboveground communications 
already in place; it should not be the 
single cause of change in aboveground 
communications. 

7. Value-added pricing.--The system 
should be reasonably priced so that sav- 
ings created by its introduction will 
more than offset the installation cost. 



8. F u l l - s e r v i c e  f u l l - s u p p o r t  con- 
cept.--The s e r v i c e  o f f e r i n g  t h e  sys tem 
must p r o v i d e  f o r  maintenance,  t r a i n i n g  
( i n i t i a l  and c o n t i n u i n g ) ,  r o u t e  d e s i g n ,  
and t r a n s m i s s i o n  e n g i n e e r i n g .  

I n  r e c e n t  h i s t o r y ,  t h e  most common 
method of underground mine communications 
c o n s i s t e d  of loudspeaking- o r  paging- 
t y p e  t e l e p h o n e s ,  o r  a l t e r n a t i v e l y ,  mag- 
n e t o  r i n g i n g  t e l ephones .  I n  most c a s e s  
t h e s e  phones were connected on a common 
p a r t y  l i n e  w i t h  one t e l e p h o n e  f o r  e a c h  
working s e c t i o n  and a d d i t i o n a l  phones a t  
o t h e r  key l o c a t i o n s ,  such a s  maintenance 
s h o p s ,  bo th  underground and on t h e  s u r -  
f a c e .  A s  mining o p e r a t i o n s  became more 
mechanized,  underground r a i l  hau lage  sys -  
t e m s  were developed.  E v e n t u a l l y ,  t h e s e  
were d r i v e n  by e l e c t r i c a l l y  powered loco-  
m o t i v e s ,  and t r o l l e y  c a r r i e r  c u r r e n t  com- 
munica t ion  sys tems were developed.  While 
a  few mines have begun t o  u s e  d i a l - t y p e  
t e l e p h o n e s  underground, t h e i r  u s e  t o  d a t e  
h a s  been ve ry  l i m i t e d .  It i s  expec ted ,  
however, t h a t  more and more mines w i l l  
i n s t a l l  dial-and-page t e l e p h o n e s  and 
rad io - type  communication sys tems i n  t h e  
f u t u r e .  Today's  r a i l  t r a n s p o r t a t i o n  s y s -  
tems a r e  t y p i c a l l y  equipped w i t h  c a r r i e r  
c u r r e n t  phones t o  p r o v i d e  communications 
between v e h i c l e s  and between v e h i c l e s  and 
a  c e n t r a l  d i s p a t c h e r .  

E a r l y  s h a f t  communications c o n s i s t e d  
of  b e l l s  o r  w h i s t l e  s i g n a l i n g  sys tems.  
Today t h e s e  sys tems have been r e p l a c e d  
w i t h  r a d i o  and c a r r i e r  c u r r e n t  sys tems 
t h a t  a l l o w  two-way v o i c e  communication t o  
and f rom p e r s o n n e l  i n  t h e  cage.  

It i s  recogn ized  t h a t  p r e s e n t l y  
a v a i l a b l e  mine communication systems need 
improvement. Kesearch and development 
programs a r e  c o n t i n u a l l y  be ing  conducted 
by t h e  Bureau of Mines, t h e  mining indus-  
t r y  , and equipment manufac tu re r s  t o  
improve communication technology and 
t e c h n i q u e s .  The primary o b j e c t i v e  of a l l  
o f  t h e s e  programs i s  t o  i n c r e a s e  t h e  pro- 
d u c t i v i t y  of t h e  mining i n d u s t r y  and 
i n c r e a s e  t h e  s a f e t y  of miners .  

1.2 P r o d u c t i v i t y  and S a f e t y  

Underground mining o p e r a t i o n s ,  l i k e  
o t h e r  i n d u s t r i a l  e n t e r p r i s e s ,  a r e  t i e d  
t o g e t h e r  by communications. Adequate 
communication w i t h i n  a  mine and between 
t h e  s u r f a c e  and t h e  underground work s t a -  
t i o n s  i s  a  v i t a l  p a r t  of t h e  p roper  
o p e r a t i o n  of any underground f a c i l i t y .  
Th i s  communication c a p a b i l i t y  i s  n o t  only  
a n  i m p o r t a n t  f a c t o r  i n  t h e  concept  of 
s a f e t y ,  bu t  a l s o  i s  a n  a i d  t o  t h e  day- 
to-day o p e r a t i o n s  and t h e  t a s k  of 
e x t r a c t i n g  and moving t h e  p roduc t  t o  t h e  
s u r f a c e .  I f  a  r a p i d ,  a c c u r a t e  f low of 
d a t a  i s  a u t o m a t i c a l l y  and con t inuous ly  
p r e s e n t e d  t o  management, t h e n  d e c i s i o n s  
can be made sooner  and more a c c u r a t e l y .  
Some people  c o n s i d e r  t h e  o p e r a t i o n  of a  
mine t o  be a  r e l a t i v e l y  s t a t i c  o p e r a t i o n  
planned many months, even y e a r s ,  i n  
advance. However, t h e  p r o d u c t i v e  t ime 
p e r  s h i f t  and p r o d u c t i v i t y  t r e n d s  i n d i -  
c a t e  t h a t  a  l a r g e  amount of was te  t i m e  
accumulates  due t o  u n p r e d i c t a b l e  d a i l y  
e v e n t s .  I f  management were aware of 
breakdowns w i t h i n  minu tes ,  a t t e n t i o n  
could  be more q u i c k l y  focused  on s o l v i n g  
t h e  problems, the reby  i n c r e a s i n g  long- 
t e r m  p roduc t ion .  

S a f e t y  can  c e r t a i n l y  be enhanced by 
a c c u r a t e  f a s t  communication channels .  
Quicker medica l  a s s i s t a n c e ,  f a s t e r  eva lu -  
a t i o n  of t h e  s i t u a t i o n  underground, and 
a c c u r a t e  l o c a t i o n  of problems w i l l  be 
d i r e c t  b e n e f i t s .  I n  a d d i t i o n  t o  t h e s e  
obvious  advan tages ,  remote moni to r ing  and 
c o n t r o l  of equipment and c o n d i t i o n s  
underground w i l l  a l l o w  management per-  
s o n n e l  t o  p reven t  a c c i d e n t s  and o t h e r  
causes  of p r o d u c t i o n  l o s s e s .  

A s tudy  of 9,300 i n j u r y - c a u s i n g  ,r 

a c c i d e n t s  t h a t  occur red  i n  underground 
bi tuminous  c o a l  mines d u r i n g  1974 found 
t h a t  t h e  f i n a n c i a l  c o s t  t o t a l e d  a lmos t  
$57 m i l l i o n ,  o r  a n  average  of $6,100 p e r  
a c c i d e n t .  This  f i g u r e  d i d  n o t  i n c l u d e  
t h e  i n t a n g i b l e  c o s t  of reduced e f f i c i e n c y  
i n  f e l l o w  workers r e s u l t i n g  from t h e  
a c c i d e n t .  The s tudy  d e t e c t e d  a  marked 



tendency of mine crews i n  o r  near  t h e  
a r e a  where t h e  a c c i d e n t  occur red  t o  slow 
down t h e i r  pace of ope ra t i ons  f o r  a  
p e r i o d  of t ime,  e s p e c i a l l y  a f t e r  a  s e r i -  
ous  a c c i d e n t ;  consequent ly ,  p roduc t ion  
would drop. Such a  drop was i n  a d d i t i o n  
t o  t h e  a c c i d e n t  i t s e l f ,  and t o  t h e  t ime 
r e q u i r e d  t o  c l e a n  up a f t e r  t h e  acc iden t .  
About 41%, o r  a n  e s t ima ted  $23.6 m i l l i o n ,  
of  t h e  t o t a l  ( c u r r e n t  and f u t u r e )  c o s t  of 
underground c o a l  mine a c c i d e n t s  i n  1974 
was borne by mining companies i n  t h e  form 
of compensation payments t o  a c c i d e n t  v i c -  
t ims and s u r v i v o r s ,  l o s t  c o a l  p roduc t ion ,  
and t h e  expense of i n v e s t i g a t i n g  t h e  
acc iden t s .  Any dev ices  o r  t echniques ,  
i n c l u d i n g  good communication systems, 
t h a t  w i l l  reduce a c c i d e n t s  w i l l  qu ick ly  
pay f o r  themselves.  

The evo lu t i on  of mining technology,  
i n c l u d i n g  underground commnica t ions ,  is  
i n e v i t a b l e  a s  c o a l  assumes a  more s i g -  
n i f i c a n t  r o l e  i n  t h e  n a t i o n a l  energy 
plan. Another f a c t o r  t h a t  w i l l  a i d  t h i s  
development i s  t h e  a p p l i c a t i o n  of modern 
remote c o n t r o l  and monitor ing methods t o  
i n c r e a s e  production. Advances i n  remote 
moni tor ing  and c o n t r o l  of equipment and 
cond i t i ons  underground w i l l  i nvo lve  
i n c r e a s e d  u se  of computers. Mine moni- 
t o r i n g  systems u s ing  a  computer have 
a l r eady  been i n s t a l l e d  i n  some mines. 
B a s i c a l l y ,  t h e s e  systems c o n s i s t  of 
s e n s o r s  p laced  a t  s t r a t e g i c  l o c a t i o n s ,  
d a t a  r e l a y  s t a t i o n s ,  and a  d i g i t a l  com- 
p u t e r i n  t h e  mine o f f i c e .  The computer 
i s  programed t o  p rocess  t h e  d a t a ,  d e t e r -  
mine when and where abnormal cond i t i ons  
e x i s t ,  and a l e r t  mine personnel .  

S i x  t ypes  of s enso r s  i n  common use  
d e t e c t  methane, carbon monoxide, tempera- 
t u r e ,  r e l a t i v e  humidi ty ,  a i r f l o w ,  o r  d i f  - 
f e r e n t i a l  a i r  p ressure .  Systems can 
i nc lude  an  e l e c t r o n i c  d i s p l a y  of t h e  mine 
l a y o u t ,  e l e c t r i c  t ypewr i t e r s ,  and v ideo  
d i s p l a y  sc reens  connected t o  t h e  com- 
pu te r .  The computer r ece ives  d a t a  from 
t h e  remote s t a t i o n s  i n  t h e  form of e l ec -  
t r i c a l  s i g n a l s ,  which a r e  t r a n s l a t e d  i n t o  
numerical  measurements and checked 
a g a i n s t  a  s e t  of s t anda rds  t o  s e e  i f  a l l  
f a c t o r s  a r e  w i t h i n  normal limits. I f  any 
f a c t o r s  a t  a  remote s t a t i o n  exceed normal 

limits, an  a la rm may be i n i t i a t e d .  A t  
t h e  same t ime,  t h e  e l e c t r i c  t ypewr i t e r  
connected t o  t h e  computer t ypes  ou t  
e i t h e r  a  warning o r  a  danger message t o  
s p e c i f y  what i s  wrong and a t  which s enso r  
t h e  t r o u b l e  i s  be ing  de t ec t ed .  

I n  t h e  United Kingdom, a  commercial 
mine monitor ing and c o n t r o l  system, MINOS 
(Mine Operat ing System), i s  being devel-  
oped. The h e a r t  of t h e  system i s  a  d i g i -  
t a l  computer ( f i g .  1-2) l o c a t e d  w i t h i n  
t h e  system c o n t r o l  c en t e r .  This  computer 
i s  programed t o  o b t a i n  va r ious  d a t a  from 
remote s enso r s  and monitor t h e  s a t i s -  
f a c t o r y  ope ra t i on  of t h e  mine, g iv ing  
aud ib l e  and v i s u a l  alarms a s  w e l l  a s  
i n i t i a t i n g  au tomat ic  shutdown of equip- 
ment when necessary.  Control  of t h e  con- 
veyor system inc lud ing  s t a r t u p ,  shutdown, 
and f eed  r a t e  is  a l s o  poss ib le .  P r i n t -  
o u t s  and d a i l y  summaries of s p e c i f i e d  
in format ion  a r e  ou tpu t t ed  au toma t i ca l l y  
o r  a r e  a v a i l a b l e  on demand by key- 
board commands en t e r ed  a t  t h e  system 
cen t e r .  Remote c o n t r o l  and monitor ing 
of s u r f a c e  f a c i l i t i e s  and p repa ra t i on  
p l a n t s  a s  w e l l  a s  underground equipment 
such a s  pumps and f a n s  can a l s o  be 
accomplished w i t h  t h e  computer-controlled 
systems. 

Any remote monitor and c o n t r o l  sy s -  
tem i s  r e l a t i v e l y  s o p h i s t i c a t e d ,  and an  
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FIGURE 1-2. - MlNOS system center. 



economic a n a l y s i s  of t h e  t radeof  f  s 
involved i n  t h e  mechanization i s  
requi red .  However, minewide remote moni- 
t o r i n g  and c o n t r o l ,  coupled wi th  an 
e f f e c t i v e  commnicat ion system, i s  one of 
t h e  t o o l s  t h a t  can be used t o  i n c r e a s e  
s a f e t y  and p roduc t iv i t y  i n  underground 
mines. 

1.3 Cons t r a in t s  on Equipment 

The environmental c o n s t r a i n t s  on 
equipment expected t o  ope ra t e  i n  any 
underground mine a r e  severe.  Equipment 
designed f o r  s u r f a c e  opera t ion ,  even i f  
i t  would work underground, could no t  be 
expected t o  l a s t  f o r  any l eng th  of time 
i n  t h e  ha r sh  mine environment. 

Equipment must be p ro t ec t ed  from, o r  
immne t o ,  h igh-mois ture  atmospheres ( 0  
t o  100% humidity l e v e l s )  and remain oper- 
a b l e  over  wide temperature  ranges.  Dust 
can  be expected t o  c log  a i r f l o w  passages,  
plug r e l a y  con tac t s ,  and cause swi tches  
t o  s t i c k .  Dust accumulation o n e l e c -  
t r o n i c  components can a l s o  cause h e a t  
bu i ldup  and even " sho r t  c i r c u i t s .  " Some 
mine atmospheres a r e  highly co r ros ive ,  
and equipment i n  t h e s e  mines must be con- 
s t r u c t e d  from m a t e r i a l s  t h a t  a r e  r e s i s t -  
a n t  t o  t h e  cor ros ion ,  o r  e l s e  p ro t ec t ed  
from it .  The very dry atmosphere i n  some 
mines causes  gaske ts  and s e a l s  t o  qu ick ly  
dry ou t  and s t a r t  leaking.  S t a t i c  e l ec -  
t r i c i t y  i n  t h e s e  mines can a l s o  pose a  
problem f o r  c e r t a i n  types  of s o l i d  s t a t e  
e l e c t r i c a l  c i r c u i t s .  

In  a d d i t i o n  t o  t h e  environmental 
c o n s t r a i n t s ,  phys i ca l  cons ide ra t i ons  must 
be taken  i n t o  account. Space i s  o f t e n  a t  
a  premium i n  underground mines, espe- 
c i a l l y  i n  low c o a l  seams. Commnica- 
t i o n s ,  c o n t r o l ,  and monitoring equipment 
must be sma l l  i n  s i z e  and should be l i g h t  
i n  weight. Because i t  rmst e x i s t  i n  
c l o s e  proximity w i th  heavy mining machin- 
e r y ,  commnicat ion equipment must a l s o  be 
ruggedly designed and shock protected.  
R e l i a b i l i t y  and e a s e  of maintenance a r e  
o t h e r  reasons  why most equipment designed 
f o r  s u r f a c e  ope ra t i on  cannot be u t i l i z e d  
i n  underground mines. 

Much of t h e  comnunication equipment 
i n  c o a l  mines today i s  loca t ed  i n  ven t i -  
l a t e d  a r e a s  where t h e r e  i s  l e s s  l i k e l i -  
hood of an explosion. However, i f  a  ven- 
t i l a t i o n  system i s  requi red  t o  c o n t r o l  
t h e  gas  o r  dus t  hazard and b a s i c  comnuni- 
c a t i o n s  must be maintained i n  t h e  event  
of a  v e n t i l a t i o n  f a i l u r e ,  then  t h i s  com- 
munication equipment must no t  be capable  
of gene ra t i ng  an  i g n i t i o n  spark. Thus, 
much of today ' s  mine commnicat ion equip- 
ment c a r r i e s  a  "Pe rmis s ib i l i t y "  l a b e l  
g ran ted  by t h e  Mine Safe ty  and Health 
Administration. To achieve t h e  permissi-  
b i l i t y  r a t i n g  without  explosion-proof 
packaging, a l l  sources  of sparks  must be 
c o n t r o l l e d  by l i m i t i n g  vo l t ages ,  cur- 
r e n t s ,  and t h e  amounts of s t o r e d  energy-- 
such a s  i n  b a t t e r i e s ,  c apac i to r s ,  and 
inductors--to s a f e  l e v e l s .  Such a  device 
i s  def ined  a s  " i n t r i n s i c a l l y  s a f e .  " 

The amount of spark c u r r e n t  i n  a  
r e s i s t i v e  c i r c u i t  requi red  t o  i g n i t e  
a  methane-air mixture  v a r i e s  wi th  t h e  
open-c i rcu i t  vol tage.  Guidel ines  t o  
s a f e  ope ra t i ng  l i m i t s ,  such a s  shown 
i n  f i g u r e  1-3, i n d i c a t e  a  hazard a t  
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2  amperes i n  a  20-volt  r e s i s t i v e  c i r c u i t .  
However, no g r e a t e r  hazard  e x i s t s  w i t h  
1 0  amperes i n  a 12-volt  r e s i s t i v e  c i r -  
c u i t .  When r e a c t i v e  c i r c u i t s  ( c i r c u i t s  
w i t h  i n d u c t o r s  o r  c a p a c i t o r s )  o r  energy 
s t o r a g e  e lements  ( b a t t e r i e s )  a r e  con- 
s i d e r e d ,  l i m i t s  on s a f e  c i r c u i t  d e s i g n  
a r e  even t i g h t e r .  These s a f e t y  cons ider -  
a t i o n s  have d i r e c t e d  t h e  d e s i g n  of a l l  
t h e  " p e r m i s s i b l e "  communication d e v i c e s  
on  t h e m a r k e t  today.  O n e o f  t h e m o s t  
r e c e n t  pager-type phones does not  c o n t a i n  
any i n d u c t i v e  components o t h e r  t h a n  t h e  
s p e a k e r  and handse t  and u s e s  only  a  
s i n g l e  12-vol t  b a t t e r y .  

I n  gassy  mines,  only  p e r m i s s i b l e  o r  
i n t r i n s i c a l l y  s a f e  communication equip- 
ment shou ld  be a c c e p t a b l e  f o r  u s e  i n  a l l  
l o c a t i o n s  under  a l l  c o n d i t i o n s .  

The p e r m i s s i b l e  r a t i n g  requirement  
r u l e s  o u t  u s e  of most systems des igned  
f o r  s u r f a c e  a p p l i c a t i o n s .  For i n s t a n c e ,  
a  p e r m i s s i b l e  r a t i n g  cannot  be g i v e n  t o  
a  s t a n d a r d  t e lephone  connected t o  a  
t e l e p h o n e  swi tchboard  because of h igh 
v o l t a g e s  (48 v o l t s  d c  w h i l e  on hook and 
a s  much a s  120 v o l t s  a c  whi le  r i n g i n g )  
and u s e  of many h i g h l y  i n d u c t i v e  d e v i c e s  
i n  t h e  c i r c u i t .  While p l a c i n g  t h e  t e l e -  
phone i n  a n  explosion-proof housing cou ld  
be  c o n s i d e r e d  a s  a  means of making 
i t  " p e r m i s s i b l e , "  t h e  c o s t  would be 
unreasonab le .  

Other  r e s t r i c t i o n s  on communication 
equipment used underground a r e  s p e c i f i e d  
i n  t h e  U.S. Code of F e d e r a l  Regula t ions  
(See  appendix B of t h i s  manual.) 

1.4 Communication Requirements 

I n  a n  i d e a l  communication system a n  
i n d i v i d u a l  should  be a b l e  t o  i n i t i a t e  and 
r e c e i v e  c a l l s  r e g a r d l e s s  of h i s  o r  h e r  
p o s i t i o n  i n  t h e  mine. To accomplish  
t h i s ,  more t h a n  one communication system 
may be r e q u i r e d .  Communication r e q u i r e -  
ments a r e  more r e a d i l y  d e f i n e d  by sep- 
a r a t i n g  t h e  underground personne l  i n  
present-day mine o p e r a t i o n s  i n t o  f o u r  
f u n c t i o n a l  groups:  

Working s e c t i o n  crew 

Maintenance crew 

Mot ormen 

I n s p e c t o r s  and management pe rsonne l  

The p o s i t i o n  of d i s p a t c h e r  i s  con- 
s i d e r e d  s e p a r a t e l y  because he  o r  s h e  gen- 
e r a l l y  c o o r d i n a t e s  t h e  communications a s  
w e l l  a s  t h e  haulage t r a f f i c .  

I n  s m a l l  mines and bel t -haulage- type 
mines t h e  communication c e n t e r  may be t h e  
r e s p o n s i b i l i t y  of t h e  h o i s t  e n g i n e e r ,  t h e  
supp ly  man, o r  t h e  maintenance foreman. 
Because h o i s t  communication requ i rements  
a r e  un ique ,  they  a l s o  can be t r e a t e d  
s e p a r a t e l y .  

1.4.1 The Working S e c t i o n  Crew 

Under normal o p e r a t i n g  c o n d i t i o n s  
t h e  s e c t i o n  forman communicates by f i x e d  
phone t o  t h e  s h i f t  foreman t o  r e q u e s t  
s u p p l i e s  and maintenance s e r v i c e s  and t o  
f i l e  p e r i o d i c  p r o d u c t i v i t y  r e p o r t s .  
Under emergency c o n d i t i o n s  he must be 
a b l e  t o  r e q u e s t  medical  a i d  f o r  pe rsonne l  
and r e p o r t  hazardous  c o n d i t i o n s  i n  h i s  
a r e a .  

The high a c o u s t i c  n o i s e  l e v e l  c r e -  
a t e d  by t h e  mining machinery g r e a t l y  
reduces  t h e  e f f e c t i v e  communications 
between t h e  foreman and h i s  crew. Th is  
n o i s e  a l s o  i n t e r f e r e s  w i t h  t h e  foreman 
r e c e i v i n g  c a l l s .  Of ten  a  motorman must 
d e l i v e r  a  c a l l - i n  message t o  t h e  foreman 
when he  i s  t r a n s f e r r i n g  h a u l i n g  c a r s  i n  
h i s  s e c t i o n .  Some b e l t  haulage mines 
must even r e s o r t  t o  t u r n i n g  o f f  t h e  con- 
veyor sys tem,  the reby  caus ing  a l l  t h e  
s e c t i o n  foremen t o  c a l l  i n .  Communica- 
t i o n  requ i rements  of t h e  s e c t i o n  crew can 
be s a t i s f i e d  by loudspeaking pager  phones 
t h a t  can e a s i l y  be moved t o  keep them 
w i t h i n  h e a r i n g  range ,  o r  by some form of 
r a d i o  l i n k  (two-way r a d i o ,  pocket  pager ,  
o r  " 'beeper") .  



1.4.2 The Maintenance Crew 

Unl ike  a  working s e c t i o n  crew, t h e  
maintenance crew i s  s p r e a d  throughout  t h e  
mine. The maintenance foreman must be 
a b l e  t o  r e c e i v e  r e p a i r  r e q u e s t s  and d i s -  
p a t c h  h i s  crews f o r  bo th  emergency and 
schedu led  r e p a i r  work. He should a l s o  be 
a b l e  t o  m a i n t a i n  communications w i t h  t h e  
i n d i v i d u a l  crew members w h i l e  they  a r e  i n  
t r a n s i t  o r  a f t e r  t h e y  have a r r i v e d  a t  t h e  
r e p a i r  s i t e .  The d i s p a t c h e r  may prov ide  
a s s i s t a n c e  by r o u t i n g  messages f o r  equip- 
ment r e p a i r  and p a r t s  t o  t h e  foreman from 
t h e  maintenance crew. 

W i r e l e s s  mobile communication equip-  
ment,  l i n k i n g  t h e  maintenance foreman and 
h i s  crew t o g e t h e r ,  would be i d e a l  f o r  t h e  
above t a s k s .  However, any p o r t a b l e  r a d i o  
equipment used must be s m a l l  and l i g h t -  
we igh t  because  crew members a l r e a d y  have 
much t o  c a r r y .  

1.4.3 Motormen 

The motormen a r e  r e s p o n s i b l e  f o r  
c o a l  o r  o r e  hau lage  and t h e  d e l i v e r y  of 
men and s u p p l i e s  t o  t h e  working s e c t i o n s .  
Kights-of-way and t h e  d i s p o s i t i o n  of 
hau lage  c a r s  must be known t o  a l l  motor- 
men t o  avo id  a c c i d e n t s .  I n  mines u s i n g  
t r a c k e d - t r o l l e y  hau lage ,  a c t i v i t i e s  can  
be  c o o r d i n a t e d  by a  t r o l l e y  w i r e  ( c a r -  
r i e r )  phone system. These a r e  known a s  
" c a r r i e r "  s y s  tems because t h e  communica- 
t i o n  i s  " c a r r i e d "  on a  w i r e  n o t  i n t e n d e d  
f o r  communication, i n  t h i s  c a s e  t h e  
t r o l l e y  l i n e ;  t h e  term " c a r r i e r , "  how- 
e v e r ,  r e f e r s  t o  t h e  t echn ique ,  n o t  t h e  
w i r e  i t s e l f .  Th i s  s ing le -channe l  network 
keeps  t h e  d i s p a t c h e r  and a l l  motormen i n  
con t inuous  c o n t a c t  w i t h  one ano ther .  
T h i s  phone system a l s o  a l l o w s  t h e  d i s -  
p a t c h e r  t o  n o t i f y  a l l  motormen of any 
mine emergency. The two drawbacks t o  
t h i s  sys tem a r e  

1. Dead zones ,  which a r e  s e c t i o n s  
o f  t r a c k  where t h e  phone i s  i n o p e r a t i v e  
owing t o  e x c e s s  e l e c t r i c a l  n o i s e  o r  
e x c e s s  a t t e n u a t i o n  of s i g n a l  s t r e n g t h .  

2. T r o l l e y  w i r e  power f a i l u r e s ,  
which cause  t h e  phones t o  go dead. 

(Newer phones have backup b a t t e r i e s  
i n s t a l l e d  i n  each  phone s o  t h i s  may n o t  
be a  problem.) 

I n  s p i t e  of t h e s e  drawbacks, c a r r i e r  
phone systems u s u a l l y  meet t h e  r e q u i r e -  
ments of t h e  motormen, e x c e p t  f o r  a n  
emergency t h a t  s e v e r s  t h e  t r o l l e y  w i r e  o r  
o t h e r w i s e  removes power from t h e  wire .  

I n  mines wi thou t  t r a c k e d - t r o l l e y  
haulage sys tems,  a  r a d i o  l i n k  must be 
e s t a b l i s h e d  t o  a l low motormen t o  remain 
i n  c o n t a c t  w i t h  one ano ther .  

1.4.4 I n s p e c t o r s  and Management 
Personne l  

These people  a r e  underground p r i -  
mar i ly  t o  observe  mine c o n d i t i o n s  and 
personnel .  They should be a b l e  t o  s t a y  
i n  con t inuous  c o n t a c t  w i t h  t h e  communica- 
t i o n  c e n t e r  f o r  t h e  f o l l o w i n g  reasons :  

To be informed of any emergencies 
t h a t  might a r i s e .  

To keep t h e  c e n t e r  informed of t h e i r  
l o c a t i o n .  

To r e c e i v e  c a l l s  from o t h e r  p a r t s  of 
t h e  mine. 

These requ i rements  could  be s a t i s -  
f i e d  by an e f f e c t i v e ,  e x t e n s i v e  w i r e l e s s  
mobile communication system. A v e h i c l e -  
mounted system may be s u f f i c i e n t  i n  some 
c a s e s ,  such a s  t h e  t r o l l e y  c a r r i e r  phones 
i n  t r a c k  haulage mines. 

1.4.5 The Dispa tcher  

The d i s p a t c h e r ' s  l o c a t i o n  i n  some 
mines h a s  developed i n t o  a  communication 
c e n t e r  f o r  a l l  underground o p e r a t i o n s .  
He i s  i n  d i r e c t  c o n t a c t  w i t h  a l l  motormen 
v i a  t h e  t r o l l e y  w i r e  phone system, and 
d i r e c t s  a l l  v e h i c l e  t r a f f i c  i n  t h e  mine. 
I n  some mines,  he  a l s o  c o n t r o l s  t h e  f i x e d  
phone c i r c u i t s  v i a  a  s m a l l  swi tchboard.  
He l o c a t e s  pe rsonne l  by t h e  paging phones 
o r  by r e l a y i n g  messages through t h e  
motormen t o  t h e  s e c t i o n s .  He s e r v e s  a s  
t h e  human c o u p l e r  between t h e  d i f f e r e n t  
phone sys tems ,  and he  i s  i n  t h e  b e s t  



p o s i t i o n  t o  q u i c k l y  n o t i f y  a l l  under- 
ground personne l  of any emergency 
c o n d i t i o n .  

I f  t h i s  e v o l u t i o n  c o n t i n u e s ,  t h e  
d i s p a t c h e r ' s  j o b  w i l l  expand t o  t h e  p o i n t  
where he  may become overworked. For 
s a f e t y  and p r o d u c t i v i t y  reasons  t h e  v o i c e  
t r a f f i c  c o n t r o l  and t h e  moni to r ing  func- 
t i o n  of t h e  d i s p a t c h e r ' s  j o b  cannot  
i n t e r f e r e  w i t h  h i s  prime r e s p o n s i b i l i t y  
of v e h i c l e  t r a f f i c  c o n t r o l .  There fore ,  
i t  may be d e s i r a b l e  t o  t r a n s f e r  t h e s e  
r e s p o n s i b i l i t i e s  t o  o t h e r  p e r s o n n e l  o r  t o  
a u t o m a t i c  d i a l i n g  and a la rm equipment. 
For t h i s  r e a s o n  some mines have e s t a b -  
l i s h e d  a  s e p a r a t e  communication system 
" o p e r a t o r "  p o s i t i o n .  Th is  person has  
r e s p o n s i b i l i t y  f o r  v o i c e  t r a f f i c  c o n t r o l ,  
and a l s o  f o r  moni tor ing env i ronmenta l  
c o n d i t i o n s  i n  t h e  mine. The o p e r a t i n g  
c o n d i t i o n s  of t h e  haulage and mining 
equipment could a l s o  be monitored from 
t h e  communication c e n t e r .  

1.4.6 Hois t  Communications 

A h o i s t - s h a f t  communication system 
shou ld  s a t i s f y  t h e  requ i rements  f o r  com- 
munica t ion  throughout  t h e  f u l l  t r a v e l  
of  t h e  cage,  p rov id ing  two-way v o i c e  com- 
munica t ion  between t h e  cage and t h e  
hoistman. The system shou ld  a l s o  
a l l o w  f o r  shaf  t - i n s p e c t i o n  communication 
between t h e  i n s p e c t o r  and t h e  "hoistman." 
For t h e  modern, automated s h a f t ,  s i g n a l s  
a r e  a l s o  r e q u i r e d  f o r  a  s lack-rope i n d i -  
c a t i o n ,  t o  pe rmi t  s e l e c t i o n  of l e v e l ,  
e n a b l e  i n t e r f a c e  w i t h  i n t e r l o c k s ,  and j o g  
f o r  e x a c t  p o s i t i o n  a t  any l e v e l  o r  s h a f t  
s t a t i o n .  Cage equipment must be s m a l l  
and capab le  of be ing  l o c a t e d  s o  t h a t  i t  
cannot  be damaged by any of t h e  v a r i o u s  
u s e s  of t h e  cage such a s  t r a n s p o r t i n g  
s u p p l i e s  and machinery i n t o  t h e  mine. 

A d d i t i o n a l  microphone-speaker s t a -  
t i o n s  should be l o c a t e d  on each  cage 
l e v e l  when m u l t i l e v e l  "man t r i p "  cages  
a r e  used.  U n t i l  r e c e n t l y ,  b e l l  s i g n a l i n g  
was t h e  only  form of ho i s t - shaf  t communi- 
c a t i o n .  A d i sadvan tage  of t h e  b e l l  s i g -  
n a l i n g  system i s  t h a t  communication 
w i t h  t h e  cage when i t  i s  between l e v e l s  

i s  imposs ib le .  Th i s  d e f i c i e n c y  i s  espe- 
c i a l l y  c r u c i a l  d u r i n g  s h a f t  i n s p e c t i o n  o r  
r e p a i r ,  where movement of t h e  cage must 
be  c o n t r o l l e d  p r e c i s e l y .  Today, however, 
equipment i s  a v a i l a b l e  t h a t  a l lows  two- 
way v o i c e  communication between persons  
i n  t h e  h o i s t  cage and t h e  hoistman o r  
o t h e r  l o c a t i o n s  a t  t h e  s h a f t  t o p  o r  
bottom. 

R e l i a b l e  h o i s t - s h a f t  communication 
should be cons idered  a s  a  v i t a l  p a r t  of 
t h e  o v e r a l l  communication system, espe- 
c i a l l y  d u r i n g  o r  f o l l o w i n g  a n  a c c i d e n t  o r  
d i s a s t e r  s i t u a t i o n .  Exper ience has  
t a u g h t  t h a t  t h e  h o i s t  o f t e n  becomes a  
b o t t l e n e c k  d u r i n g  rescue  o r  e v a c u a t i o n  
o p e r a t i o n s ,  and good communication t o  and 
from t h e  cage i s  e s s e n t i a l .  

1.5 P r e s e n t  Communication Systems 

Communication systems c u r r e n t l y  used 
i n  many mines g e n e r a l l y  c o n s i s t  of two 
sys tems ,  t h e  t r o l l e y  w i r e  c a r r i e r  phones 
and t h e  f i x e d  pager  phones. The t r o l l e y  
w i r e  channel  must be a  p a r t y  l i n e  t o  keep 
a l l  motormen informed of one a n o t h e r ' s  
l o c a t i o n .  The pager phone system i s  
o f t e n  d i v i d e d  i n t o  m u l t i p a r t y  c i r c u i t s  
which a r e  c o n t r o l l e d  by t h e  d i s p a t c h e r .  
For example, one mine s t u d i e d  used e i g h t  
p a r t y  l i n e  phone c i r c u i t s  t e rmina ted  a t  a  
s imple  swi tchboard i n  t h e  d i s p a t c h e r ' s  
o f f i c e .  A l o g i c a l  p a r t i t i o n i n g  of t h e  
pager  phone network i n t o  a  mul t i channe l  
p r i v a t e  l i n e  sys tem would be t o  g i v e  each 
working s e c t i o n  a  s e p a r a t e  l i n e ,  o r  a t  
t h e  most two s e c t i o n s  p e r  l i n e ,  and have 
one common l i n e  f o r  a l l  haulageway 
phones. I n d i v i d u a l  s e c t i o n  phone l i n e s  
wou1.d e l i m i n a t e  peak t r a f f i c  demand dur- 
i n g  p r o d u c t i o n  r e p o r t i n g  t ime and p rov ide  
t h e  s e c t i o n  foreman w i t h  a  p r i v a t e  l i n e  
d u r i n g  a n  emergency s i t u a t i o n .  Other  
phone l i n e s  could be used f o r  moni to r ing  
t h e  environment and equipment. Based on 
d a t a  and survey r e s u l t s  t o  d a t e ,  i t  
appears  t h a t  about two t o  e i g h t  phone 
l i n e s ,  depending on a c t i v i t y  of t h e  mine, 
would be s u f f i c i e n t  t o  p rov ide  e f f i c i e n t  
s e r v i c e  f o r  t h e  working s e c t i o n s  and a l s o  
p rov ide  a  common p r i v a t e  l i n e  f o r  t h e  
haulageways. 



1.6 Summary 

The need f o r  e f f e c t i v e  communication 
between l o c a t i o n s  underground and between 
underground and s u r f a c e  l o c a t i o n s  h a s  
been recognized  f o r  some time. Unfor- 
t u n a t e l y ,  t h e  equipment t o  t o t a l l y  s a t -  
i s f y  t h e s e  requ i rements  i n  underground 
mines h a s  on ly  r e c e n t l y  become a v a i l a b l e .  
P a r t  of t h e  reason  f o r  l a c k  of equip-  
ment can be blamed on t h e  un ique ly  
h a r s h  environment p r e s e n t  i n  underground 
mines. 

D e s p i t e  p a s t  d e f i c i e n c i e s ,  equipment 
i s  now a v a i l a b l e  t o  meet most of t h e  
requ i rements  f o r  e f f e c t i v e  underground 
c o m m n i c a t i o n  systems. The o p e r a t i o n a l  
r equ i rement  of t h e  u l t i m a t e  sys tem may be 
s imply s t a t e d  as fo l lows :  Each i n d i -  
v i d u a l  s h o u l d  be a b l e  t o  i n i t i a t e  and 
r e c e i v e  c o m m n i c a t i o n s  r e g a r d l e s s  of h i s  
l o c a t i o n  w i t h i n  t h e  mine. I n  p r a c t i c e ,  
t h i s  u l t i m a t e  requirement  w i l l  normally 
be modified.  The s i z e  and age  of a  mine, 
o p e r a t i n g  c o n d i t i o n s ,  and economic con- 
s i d e r a t i o n s  w i l l  a f f e c t  t h e  degree  t o  
which a system f u l l y  meets t h i s  u l t i m a t e  
requirement .  

Veh ic les  o p e r a t i n g  on ra i ls  w i t h i n  a  
mine should have a communication u n i t  
mounted i n  every  powered v e h i c l e  
( r e q u i r e d  i n  some S t a t e s ) .  O p e r a t i o n a l  
s a f e t y  is  i n c r e a s e d  when t h e r e  is  
a n  i n t e r v e h i c u l a r  c o m m n i c a t i o n  system. 
Opera to rs  can r e p o r t  t o  e a c h  o t h e r  o r  t o  
a c e n t r a l  d i s p a t c h e r ,  the reby  r e d u c i n g  
t h e  chances  of a  c o l l i s i o n .  C a r r i e d  t o  
t h e  u l t i m a t e ,  t h e  c e n t r a l  d i s p a t c h e r  can 
c o n t r o l  t h e  movement of a l l  v e h i c l e s  a t  
a l l  t imes .  

Of ten  t h e r e  i s  a need t o  c a l l  a man 
who i s  n o t  n e a r  any v e h i c l e  o r  phone. As 
a  minimum, some form of paging c a p a b i l i t y  
s h o u l d  be i n c l u d e d  i n  t h e  o v e r a l l  mine 
phone sys tem t h a t  can  be used  t o  t e l l  a  
c a l l e d  p a r t y  t o  go t o  t h e  n e a r e s t  phone 
and r e t u r n  t h e  c a l l .  The a b i l i t y  t o  com- 
municate  w i t h  men underground, no m a t t e r  
what t h e i r  l o c a t i o n ,  i s  e s s e n t i a l  t o  t h e  
e f f i c i e n c y  of any mine. S a f e t y  and pro- 
d u c t i v i t y  a r e  d i r e c t l y  r e l a t e d ,  and bo th  
depend upon good communications. I n  

a d d i t i o n  t o  t h e  obvious advantages  of 
r e l i a b l e  and e f f e c t i v e  communications, 
t h e r e  a r e  i n t a n g i b l e  b e n e f i t s  t h a t  may 
n o t  be recognized:  

1. The g e n e r a l  a t t i t u d e  of t h e  
underground workforce  w i l l  be improved i f  
they  know t h a t  they  a r e  n o t  "cut  o f f "  
communicationwise from t h e  s u r f a c e .  

2. Mines w i t h  good c o m m n i c a t i o n  
systems shou ld  be a b l e  t o  more e f f e c -  
t i v e l y  compete i n  t h e  l a b o r  market. High 
t u r n o v e r  r a t e s ,  which a r e  c o s t l y  owing t o  
t r a i n i n g  requ i rements ,  w i l l  be reduced. 

3. Mines w i t h  e f f e c t i v e  comnunica- 
t i o n  systems and good s a f e t y  r e c o r d s  a r e  
u s u a l l y  s u b j e c t e d  t o  i n s p e c t i o n s  l e s s  
f r e q u e n t l y ,  and s i n c e  s t u d i e s  have shown 
t h a t  p roduc t ion  r a t e s  d e c r e a s e  when i t  i s  
known t h a t  i n s p e c t i o n  personne l  a r e  on 
t h e  p r o p e r t y ,  t h e  e f f e c t  on p r o d u c t i o n  
shou ld  be good. 

Adequate communications w i t h i n  a  
mine and t o  t h e  s u r f a c e  i s  a  v i t a l  p a r t  
of t h e  p roper  o p e r a t i o n  of a n  under- 
ground f a c i l i t y .  Th i s  c o m m n i c a t i o n  
c a p a b i l i t y  i s  n o t  only  an impor tan t  
f a c t o r  i n  t h e  concept  of s a f e t y  precau- 
t i o n s ,  bu t  a l s o  an a i d  t o  t h e  day-to-day 
o p e r a t i o n s  and t h e  t a s k  of moving t h e  
mined product  t o  t h e  s u r f a c e .  The mining 
i n d u s t r y  e x i s t s  t o  b r i n g  t h e  product  o u t  
and t o  b r i n g  i t  o u t  s a f e l y  and econom- 
i c a l l y .  Adequate communication i s  one of 
t h e  t o o l s  a v a i l a b l e  t o  assist i n  t h i s  
t a s k .  

I n  a l i k e  manner, a  j u d i c i o u s  c h o i c e  
of remote moni to r ing  and c o n t r o l  of 
pa ramete rs  i n  t h e  underground environment 
and on s e l e c t e d  machinery w i l l  y i e l d  a  
c o s t  sav ings  i n  p roduc t ion  and augment 
s a f e t y .  Many man-hours and d o l l a r s  can 
be saved by knowing c o n d i t i o n s  b e f o r e  
t h e y  become a  problem. S i t u a t i o n s  t h a t  
could  be d i s a s t r o u s  can be p r e d i c t e d  and 
p r o p e r  s o l u t i o n s  implemented b e f o r e  t h e  
d i s a s t e r  occurs .  Proper  environmental  
and machine moni to r ing  i s  a n o t h e r  key 
t o  s a f e r ,  more p roduc t ive  underground 
mining. 
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CHAPTER 2.--COMMUNICATION SYSTEMS 

2.1 In t roduc t ion  

Any commnicat ion system r e q u i r e s  a t  
l e a s t  t h r e e  elements i n  o rde r  t o  func- 
t i o n :  a t r a n s m i t t i n g  device ,  a r ece iv ing  
device ,  and a t ransmiss ion  l i n e  o r  propa- 
g a t i o n  medium. Even t h e  device  c h i l d r e n  
u s e ,  t i n  cans connected w i th  s t r i n g ,  con- 
s i s t s  o r  t he se  t h r e e  elements. One 
speaks  i n t o  one can ( t r a n s m i t t e r ) ,  which 
v i b r a t e s  a t  t h e  same f requenc ies  a s  t h e  
voice.  The s t r i n g  ( t ransmiss ion  pa th )  
p i cks  up t h e  v i b r a t i o n s  of t h e  can and 
c a r r i e s  them a long  i t s  e n t i r e  length.  
The o t h e r  can ( r e c e i v e r )  d e t e c t s  t h e  
v i b r a t i o n  and reproduces t h e  o r i g i n a l  
sounds t o  a l e s s e r  e x t e n t  depending on 
d i s t a n c e ,  t i g h t n e s s  of s t r i n g ,  type  of 
s t r i n g ,  e t c .  A l l  communication systems 
depend on t h e s e  t h r e e  elements:  t r a n s -  
m i t t e r ,  t ransmiss ion  pa th ,  and rece iver .  

Communication systems can be d iv ided  
i n t o  t h r e e  fundamental ca t ego r i e s :  wired 
phone systems, r a d i o  systems, and c a r r i e r  
c u r r e n t  systems. Sec t ions  2.2, 2.3, and 
2.4, r e s p e c t i v e l y ,  de sc r ibe  t h e s e  systems 
and e x p l a i n  t h e  b a s i c  p r i n c i p l e s  of how 
each  works. 

panel  shows a s imple s i n g l e  p a i r  p a r t y  
l i n e  system. In t h i s  system each phone 
is  connected t o  a common p a i r  of w i r e s ,  
and a person speaking i n t o  one phone w i l l  
be heard a t  a l l  t h e  o t h e r  phones on t h e  
l i n e .  The bottom panel  shows a m u l t i p a i r  
p r i v a t e  l i n e  phone system. In  t h i s  type  
of system, each phone i s  connected by i t s  
own i n d i v i d u a l  p a i r  of wi res  t o  a c e n t r a l  
switch o r  te lephone exchange. To es tab-  
l i s h  a c a l l  between two phones i n  t h i s  
system, t he  l i n e s  between t h e  two phones 
must be connected (switched toge the r )  
w i th in  t h e  te lephone exchange. 

In  e a r l y  exchanges, t h e  connections 
were made manually by an operator .  These 
exchanges a r e  c a l l e d  P r i v a t e  Branch 
Exchanges (PBX's ) . Today, equipment 
wi th in  t h e  exchange can au tomat ica l ly  
connect each phone t o  any o the r  phone i n  
t h e  system. These exchanges a r e  c a l l e d  
P r i v a t e  Automatic Branch Exchanges 
(PABX's). There a r e  many d i f f e r e n t  types  
of automatic  exchanges. Some u t i l i z e  
swi tches  t o  phys ica l ly  make each connec- 
t i o n  according t o  t h e  number d ia led .  
Other,  more advanced exchanges a r e  com- 
p l e t e l y  s o l i d  s t a t e  and may even be com- 
p u t e r  con t ro l l ed .  

Hybrid systems a r e  those  systems 
t h a t  use  va r ious  combinat i ons  of 
t h e  t h r e e  b a s i c  commnicat ion meth- PHONES 

ods. Hybrid systems a r e  descr ibed  i n  
s e c t i o n  2.5. 

DISTRIBUTION 

There a r e  some o t h e r  methods of s ig -  SYSTEM 

n a l i n g  ( s t ench  warning, b e l l  s i g n a l i n g ,  a ) .  SINGLE PAIR (PARTY LINE) SYSTEM 

e t c . )  t h a t  can be used i n  underground 
mines t o  t r ansmi t  o r  convey information. 
These systems, although they cannot be 
considered t r u e  commnicat ion systems 
s i n c e  they do not  provide vo ice  o r  even n) PHONES 

two-way communication, a r e  b r i e f l y  
desc r ibed  i n  s e c t i o n  2.6. 

2.2 Wired Phone Systems 

L 

I -: --j DISTRIBUTION 
SYSTEM 

Wired phone systems a r e  a l l  those  TELEPHONE 
EXCHANGE 

t h a t  depend on a wi re  connect ion between 
phones w i th  t h e  wi re  ca r ry ing  t h e  vo ice  

b). M U L T l P A l R  (PRIVATE LINE)  SYSTEM 
s i g n a l s .  F igure  2-1 is  a diagram of two 
t y p i c a l  wired phone systems. The top FIGURE 2-1. - Wired phone systems. 
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Telephone exchanges a r e  descr ibed  i n  
e c t i o n  2.2.3. The var ious  types  of 
hones i n  use  today and a d e s c r i p t i o n  of 

how they ope ra t e  i s  given i n  sec- 
t i o n  2.2.1. D i s t r i b u t i o n  systems a r e  
descr ibed  i n  s e c t i o n  2.2.2. 

2.2.1 General Telephone Theory 

There a r e  many d i f f e r e n t  types  of 
phones i n  u se  today,  i nc lud ing  

Magneto t ype  

Sound-powe red  

Paging 

These phones and t h e  b a s i c  p r i n c i -  
p l e s  of how they ope ra t e  a r e  descr ibed  
i n  t h e  fo l lowing  paragraphs.  

2.2.la Magneto-Type Telephones 

One of t h e  e a r l i e s t  types  of under- 
ground communication ins t ruments  was t h e  
magneto phone, a l s o  known a s  t he  crank 
r i n g e r  phone. These phones cons i s t ed  of 
a t r a n s m i t t e r ,  r e c e i v e r ,  hookswitch, 
r i n g e r ,  b a t t e r y ,  and hand gene ra to r  (mag- 
ne to ) .  As  t h e  s p i n d l e  handle  was turned,  
80 t o  100 v o l t s  a t  15 t o  18 cyc l e s  p e r  
second was produced by t h e  magneto. This  
c u r r e n t  caused t h e  o t h e r  phones t o  r ing .  
Once t h e  c a l l e d  phone was answered, 
t a l k i n g  power was suppl ied  by b a t t e r y  
vo l tage .  

Magneto phones were connected i n  
p a r t y  l i n e  f a sh ion  wi th  a code of s h o r t  
and long  r i n g s  t o  i d e n t i f y  t h e  c a l l e d  
s t a t i o n .  Some mines s t i l l  u se  t h i s  t ype  
of system. However, a s  mines expanded i n  
s i z e ,  t h e  system proved t o  lack  adequate 
s i g n a l  s t r e n g t h  t o  power a l a r g e  number 
of phones. 

2.2.lb Sound-Powered Telephones 

A sound-powered set is  one t h a t  pro- 
v ides  a means of vo ice  comrmnications 
w i t h  t h e  use  of no energy except  t h a t  

fu rn i shed  by t h e  speaker ' s  voice.  These 
phones have h ighly  e f f i c i e n t  t r a n s m i t t e r s  
and r e c e i v e r s  f o r  conver t ing  voice  i n t o  
e l e c t r i c a l  s i g n a l s .  

The sound-powered handset  i s  compar- 
a b l e  i n  s i z e  and appearance t o  t h e  famil-  
i a r  battery-powered handset.  Two of 
t h e s e  phones were u sua l ly  connected 
by a s i n g l e  l i n e  t o  c o n s t i t u t e  an 
intercom c i r c u i t .  Such a c i r c u i t  w i l l  
reproduce speech wi th  reasonable  good 
q u a l i t y  f o r  s h o r t  d i s t a n c e s  i n  q u i e t  
surroundings.  

For s p e c i a l  commnicat ion appl ica-  
t i o n s  r e q u i r i n g  excep t iona l ly  rugged and 
du rab l e  s e t s  f o r  p r i v a t e  commnicat ion 
purposes ,  and p a r t i c u l a r l y  when t h e  l i n e  
loops  a r e  s h o r t ,  sound-powered s e t s  a r e  
w e l l  adapted. 

Sound-powered s e t s  f i n d  t h e i r  p r in-  
c i p a l  a p p l i c a t i o n  i n  mines, a s  indepen- 
dent  intercom systems. The s i m p l i c i t y  
and convenience of ope ra t i ng  without  
b a t t e r i e s  and t h e  s e r v i c e  r e l i a b i l i t y  and 
ruggedness of t h e  sound-powered te lephone 
when used i n  adverse surroundings a r e  
po in t s  i n  t h e i r  favor .  

2 . 2 . 1 ~  Paging Telephones 

The most common type of c o m n i c a -  
t i o n  system used i n  underground mines i s  
a paging te lephone system. These phones 
a r e  sometimes r e f e r r e d  t o  a s  squawk 
phones o r  squawk boxes because of t h e  
ha r sh  sound of t h e  speaker.  Each phone 
i n  t h e  system i s  usua l ly  connected t o  a 
tw i s t ed  p a i r  c ab l e  i n  p a r t y  l i n e  fashion.  
Each pager phone has  i n t e r n a l  b a t t e r i e s  
t h a t  power audio a m p l i f i e r s  t o  boost  s i g -  
n a l  l e v e l  f o r  normal comrmnication. A 
paging a m p l i f i e r  a l lows each phone t o  
broadcast  a page c a l l  on a loudspeaker 
t h a t  i s  a l s o  housed wi th in  each phone 
( f i g .  2-2). 

The paging te lephone has  gained 
widespread use  f o r  two reasons.  F i r s t ,  
i t  permits  persons and s t a t i o n  a r e a s  t o  
be paged by name and thus  does not  
r e q u i r e  t h e  miners t o  l e a r n  r i ng ing  codes 
o r  te lephone numbers. Second, t h e  use  of 
page a m p l i f i e r s  i n  each phone makes t h e  



FIGURE 2-2. - Genera l ized two-wi re  payer phone. 

sys tem l e s s  a f f e c t e d  by poor l i n e  s p l i c e s  
and induced no i se .  The loudspeaker  a l s o  
y i e l d s  a  h i g h e r  sound l e v e l  a t  t h e  
r e c e i v e r ,  which i s  impor tan t  i n  t h e  
v i c i n i t y  of n o i s y  machinery. The primary 
d i s a d v a n t a g e  of paging t e lephone  systems 
i s  t h a t  t h e  t e l e p h o n e  l i n e  must be used  
i n  a  p a r t y  l i n e  arrangement.  Th i s  pre-  
v e n t s  s imul taneous  c o n v e r s a t i o n s  i n  t h e  
sys tem and reduces  i t s  u s e f u l n e s s  f o r  
d i s c u s s i n g  maintenance problems o r  o t h e r  
u s e s  which can t i e  up t h e  sys tem f o r  l o n g  
p e r i o d s  of t ime. 

I n  a  l a r g e  mine t h e r e  may be 30 t o  
40 phones on a  s i n g l e  t w i s t e d  p a i r  cab le .  
However, a s  t h e  mine develops  and t h e  
m i l e s  of t w i s t e d  w i r e  p a i r  i n c r e a s e ,  a  
l i m i t  i s  reached. The l i m i t i n g  f a c t o r  i s  
t h e  p o w e r , a v a i l a b l e  t o  s i g n a l  t h e  paging 
a m p l i f i e r  i n  o t h e r  phones t o  t u r n  on. 
The a p p l i c a t i o n  of an  e l e c t r o n i c  s w i t c h ,  
i n  p l a c e  of t h e  low-voltage "page r e l a y , "  
h a s  extended t h e  o p e r a t i n g  range  of newer 
pag ing  phones. 

A schemat ic  of a  g e n e r a l i z e d  two- 
w i r e  pager  phone i s  shown i n  f i g u r e  2-2. 
When t h e  ("Page") s w i t c h  on t h e  page 
phone i s  p r e s s e d ,  a  dc  v o l t a g e  from t h e  
b a t t e r y  i s  p laced  on t h e  l i n e .  A l l  t e l e -  
phones connected t o  t h e  l i n e  a r e  ener -  
g i z e d  th rough  t h e i r  "page r e l a y , "  and t h e  

pag ing  a m p l i f i e r  a t  each  s t a t i o n  i s  
t u r n e d  on. The person  making t h e  c a l l  
t h e n  squeezes  t h e  p ress - to - ta lk  b u t t o n  on 
h i s  handse t  and makes a n  announcement. 
The handse t  s i g n a l  i s  a m p l i f i e d  and t h e n  
t r a n s m i t t e d  over  t h e  two-wire network t o  
a l l  o t h e r  phones. A f t e r  complet ing t h e  
page,  t h e  c a l l e r  r e l e a s e s  t h e  "Page" 
swi tch .  The i n d i v i d u a l  paged can respond 
by squeez ing  t h e  p ress - to - ta lk  b u t t o n  and 
t a l k i n g  i n t o  t h e  handset .  Because t h e  
two-wire l i n e  i s  common t o  a l l  phones,  
any c o n v e r s a t i o n  on t h e  p a r t y  l i n e  may be 
h e a r d  a t  a l l  s t a t i o n s .  

Most of t h e  pager  phones t h a t  a r e  
a v a i l a b l e  a r e  d i r e c t l y  i n t e r c h a n g e a b l e  
w i t h i n  a  sys tem o r  can e a s i l y  be modified 
t o  be in te rchangeab le .  Two major a r e a s  
o f  d i f f e r e n c e  among a v a i l a b l e  equipment 
a r e  t h e  b a t t e r y  v o l t a g e  used f o r  t h e  
page-ca l l  f u n c t i o n ,  and t h e  c h a r a c t e r -  
i s t i c s  of t h e  i n t e r n a l  r e l a y  t h a t  
responds t o  t h e  dc  page s i g n a l .  The two 
c h o i c e s  of b a t t e r y  v o l t a g e  a r e  p r e s e n t l y  
12 v o l t s  and 24 v o l t s .  The 24-volt s y s -  
tem was t h e  s t a n d a r d  f o r  s e v e r a l  y e a r s .  
Most i n s t a l l a t i o n s  a l s o  used e l e c t r o -  
mechanical  r e l a y s  t o  " swi tch  i n "  t h e  pag- 
i n g  a m p l i f i e r s .  

I n  r e c e n t  y e a r s ,  new d e s i g n s  u s i n g  
s o l i d  s t a t e  s w i t c h i n g  c i r c u i t s  t h a t  oper-  
a t e  a t  12 v o l t s  have become popular .  
Besides  be ing  more r e l i a b l e ,  s o l i d  s t a t e  
systems have a  h i g h  impedance and t h u s  
p r e s e n t  a  minimum l o a d  t o  t h e  paging 
c i r c u i t .  I n  a  l a r g e  complex multiphone 
system,  w i t h  s e v e r a l  m i l e s  of i n t e r c o n -  
n e c t i n g  c a b l e ,  t h e  minimum l o a d i n g  caused 
by t h e s e  phones means t h a t  more phones 
can be i n s t a l l e d .  

Opt ions  inc luded  by t h e  manufac- 
t u r e r s  of some paging phones i n c l u d e  a  
b a t t e r y - t e s t  b u t t o n ,  an  improve-hearing 
b u t t o n ,  and a  f l a s h i n g  l i g h t  t o  h e l p  
a t t r a c t  a t t e n t i o n  i n  n o i s y  a r e a s .  The 
b a t t e r y - t e s t  b u t t o n ,  when p r e s s e d ,  l i g h t s  
a  lamp on t h e  f r o n t  p a n e l  t o  i n d i c a t e  
t h a t  t h e  b a t t e r y  i s  i n  good c o n d i t i o n .  
When t h e  improve-hearing b u t t o n  i s  
p r e s s e d ,  t h e  g a i n  of t h e  r e c e i v e r  ampli-  
f  i e r  i n  t h e  handse t  i s  inc reased .  To 



a s s i s t  t h e  loudspeaker i n  a t t r a c t i n g  a 
miner ' s  a t t e n t i o n ,  t h e  f l a s h i n g  l i g h t  i s  
tu rned  on when t h e  page i s  i n i t i a t e d .  

2.2.ld Dial-and-Page Telephones 

The use of normal surface- type t e l e -  
phones i n  underground mines has two 
disadvantages:  The p o t e n t i a l  hazard,  i n  
a methane atmosphere, from t h e  120-volt 
20-hertz be l l - r i ng ing  vol tage ;  and t h e  
i n a b i l i t y  t o  l o c a t e  a person who i s  not  
i n  h i s  immediate work a rea .  Surface-type 
te lephones a l s o  have two advantages,  how- 
ever :  The s e l e c t i v e  c a l l  f e a t u r e  and t h e  
mu l t i p l e  p r i v a t e  l i n e s .  

A unique system combines t h e  d i a l  
te lephone wi th  t h e  page phone. A s u r f a c e  
i n t e r f a c e  i s  provided t o  i s o l a t e  t h e  
p o t e n t i a l l y  hazardous vo l tages  from t h e  
underground l i n e ,  and a conver te r  changes 
r i n g  vo l t age  i n t o  t h e  low-voltage d i r e c t  
c u r r e n t  requi red  t o  t u r n  on t h e  paging 
speaker  i n  t h e  d i a l - s e l ec t ed  pager phone. 
The handset swi tch  e l imina t e s  t h e  need 
f o r  a hook switch. Press ing  t h e  handset 
swi tch  accomplishes a l l  f unc t ions  nor- 
mally accomplished by l i f t i n g  t h e  handset  
of  a convent ional  phone from t h e  c rad le .  
When a c a l l  i s  d i a l e d ,  t h e  i n t e r f a c e  mod- 
i f i e s  s i g n a l i n g  t o  i n t e r f a c e  another  
underground phone o r  a convent ional  tele- 
phone on t h e  sur face .  

F igure  2-3 i s  a diagram of a d i a l -  
and-page phone. The te lephone c o n s i s t s  
of a handset ,  conta in ing  a t r a n s m i t t e r  i n  
t h e  mouthpiece and a r e c e i v e r  i n  t h e  ear -  
p i ece ,  and a main housing. The main 
housing con ta in s  a speech d i a l e r  network, 
which i s o l a t e s  t h e  outgoing and incoming 
s i g n a l s ,  a pu l s ing  swi tch  t h a t  i s  actu-  
a t e d  by t h e  r o t a r y  d i a l  t o  s i g n a l  a num- 
b e r  t o  t h e  s u r f a c e  i n t e r f a c e ,  and t h e  
paging speaker.  The speech network f i l -  
t e r s  no i se  and processes  t h e  t a l k e r ' s  
voice.  A common-page but ton  permits  
paging a l l  phones, a s  is  requi red  when 
sea rch ing  f o r  a roving miner o r  f o r  mak- 
i n g  a gene ra l  announcement. 

Automatic d i a l  systems a r e  used a t  
s e v e r a l  mines t h a t  ope ra t e  t h e i r  own P r i -  
v a t e  Automatic Branch Exchange (PABX) f o r  
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FIGURE 2-3. - Mine d ia l  phone. 

both i n s i d e  and o u t s i d e  te lephone ser- 
vice.  Dia l  systems provide f o r  many 
simultaneous conversa t ions ,  but do need 
t o  use some form of s i g n a l  mul t ip lex ing  
o r  mult iconductor  cab les .  These problems 
can be minimized by us ing  mult iconductor  
cab l e s  only i n  t h e  main haulageway where 
few roof f a l l s  o r  l i n e  breaks a r e  l i k e l y  
t o  occur and by t ak ing  convent ional  two- 
wire  cab l e  up t o  each sec t ion .  However, 
t h i s  means a l l  te lephones i n  one a r e a  
must be on a p a r t y  l i n e .  

2.2.2 D i s t r i b u t i o n  Systems 

The d i s t r i b u t i o n  system f o r  wired 
phones i s  t h e  equ iva l en t  of t h e  s t r i n g  
between t h e  two t i n  cans descr ibed  i n  t h e  
i n t roduc t ion .  This  i s  t h e  propagat ion 
medium t h a t  c a r r i e s  t h e  vo ice  s igna l .  
For wired phones, t h e  d i s t r i b u t i o n  system 
may be s i n g l e  p a i r ,  m u l t i p a i r ,  o r  a mul- 
t i p l e x  system. 

A l l  wired systems used i n  mines a r e  
i nhe ren t ly  un re l i ab l e .  That is ,  i f  a 
te lephone l i n e  i s  broken o r  sho r t ed  by a 
roof f a l l ,  f o r  example, a l l  te lephones 
beyond t h a t  po in t  a r e  severed from com- 
munication t o  t h e  ou ts ide .  I f  t h e  l i n e  



i s  sho r t ed ,  communications i n  t h e  e n t i r e  STEEL 
MESSENGER 

system may be s eve re ly  a f f e c t e d  o r  l o s t  R 

completely.  s 

2.2.2a S ing le  P a i r  

A s i n g l e  p a i r  of wi res  i s  t h e  mini- 
mum requirement f o r  wired commnicat ions.  
A s i n g l e  t w i s t e d  p a i r  i s  used f o r  magneto 
phones, paging phones, and intercom 
phones, connected i n  p a r t y  l i n e  fash-  
ion. Single-pair  wi res  a r e  gene ra l l y  
14 AWG (0.06408-inch diameter) .  This  
r e l a t i v e l y  heavy gage wire  i s  used i n  
o r d e r  t o  minimize s i g n a l  l o s s  over long  
d i s t ance .  

The s i g n a l  l o s s  per  mile ,  o r  a t t enu -  
a t i o n  a s  i t  i s  c a l l e d ,  is  dependent upon 
t h e  frequency of t h e  s i g n a l  and the  s i z e  
of wi re  gage a s  shown i n  t a b l e  2-1. This 
t a b l e  shows t h a t  a s  wi re  s i z e  i n c r e a s e s  
and gage decreases ,  t h e  s i g n a l  l o s s  
( a t t e n u a t i o n )  decreases .  

Each a t t e n u a t i o n  of 3 dB means t h a t  
t h e  s i g n a l  power has  decreased by one- 
h a l f .  For example, i f  t h e  output  of a 
commnica t ion  device was 4 mW, t h e  -3 dB 
a t t e n u a t e d  va lue  of t h i s  s i g n a l  i s  one- 
h a l f  t h e  ou tpu t ,  o r  2 mW. A 6-dB a t t enu -  
a t i o n  of a 4-mW s i g n a l  r e s u l t s  i n  a l-mW 
( 4  x 1/2 x 1/2)  s i g n a l  l eve l .  

I 
OUTER 
JACKET 

FIGURE 2-4. - Figure-8 multipair cable. 

2.2.2b Figure-8 Mul t ipa i r  Cable 

Figure-8 a e r i a l  d i s t r i b u t i o n  wire  i s  
shown i n  f i g u r e  2-4. I n  c ros s  s e c t i o n ,  
t h e  wi re  looks l i k e  a f igure-8  wi th  a 
s t e e l  support  wi re ,  c a l l e d  t h e  messenger, 
i n  t h e  top ha l f  and a core  of tw i s t ed  
p a i r s  i n  t he  lower h a l f .  The o u t e r  
j a cke t  covering t h e  messenger cab le  and 
tw i s t ed  p a i r  bundle i s  h ighly  r e s i s t a n t  
t o  abras ion ,  moisture ,  and environmental 
s t r e s s  cracking. Each wire  i s  s o l i d ,  
commercially pure,  annealed copper. One 
conductor of each p a i r  i s  usua l ly  co lor  
coded by a s o l i d  body co lo r  wi th  a con- 
t r a s t i n g  s p i r a l i n g  co lo r  s t r i p .  The 
o t h e r  conductor has  t he  complementary 
co lo r  combination. Figure-8 cab le  i s  
recommended f o r  mine a p p l i c a t i o n s  be- 
cause t h e  messenger cab l e  adds consider-  
a b l e  s t r e n g t h  t o  t h e  cab le  and t h e  i n -  
s t a l l a t i o n  i s  s i m i l a r  t o  t h a t  of t r o l l e y  
wire. 

TABLE 2-1. - Cable a t t e n u a t i o n s  

Frequency 
(kHz ) 

10 
20 
30 
50 

100 
150 

Wire s i z e  
19 gage 13 gage 

Decibels 
pe r  mi le  

2.43 
2.77 
3.02 
3.53 
4.80 
6.00 

16 gage 
Decibels 
p e r  mi le  

0.80 
1.04 
1.27 
1.75 
2.72 
3.60 

P e r c e n t o f  
s i g n a l  power 

remaining - 
57 
53 
50 
44 
33 
25 

Decibels  
pe r  mi le  

1.32 
1.55 
1.78 
2.24 
3.31 
4.27 

P e r c e n t o f  
s i g n a l  power 

remaining 
83 
79 
75 
67 
54 
44 

P e r c e n t o f  
s i g n a l  power 

remaining 
74 
70 
66 
60 
47 
37 



2 . 2 . 2 ~  Coaxial  Cable 

Coaxial  c ab l e  c o n s i s t s  of an i n n e r  
conductor and an o u t e r  conductor ,  a s  
shown i n  f i g u r e  2-5. This  type of c a b l e  
ha s  two main advantages  over tw i s t ed  p a i r  
f o r  t ransmiss ion .  F i r s t ,  t h e  coax usu- 
a l l y  has  lower a t t enua t i on .  Second, t h e  
s h i e l d  over  t h e  c e n t r a l  conductor keeps 
t h e  e l e c t r o s t a t i c  and e lec t romagnet ic  
f i e l d s  contained w i t h i n  t h e  coax, thereby 
minimizing c r o s s t a l k  and i n t e r f e r e n c e  
problems. 

2.2.2d Mul t ip lex  Systems 

The term "mult iplex" is  app l i ed  t o  
any system i n  which a  s i n g l e  wi re  o r  wi re  
p a i r  is used f o r  t h e  t ransmiss ion  of more 

( i n  t h i s  c a se  a  s i n g l e  p a i r  of w i r e s ) ,  
can  be employed i n  underground communica- 
t i o n  systems. 

F igure  2-6 i l l u s t r a t e s  t h e  FDM con- 
cep t .  A t  t h e  t r a n s m i t t i n g  t e rmina l ,  each 
of t h e  vo ice  channels (CH 1 through CH n )  
i s  app l i ed  t o  a  modulator. Each modu- 
l a t o r  s h i f t s  t h a t  voice  s i g n a l  t o  an 
ass igned  frequency ( f ,  through f , )  and 
t r a n s m i t s  t h e  r e s u l t i n g  s i g n a l  over t h e  
common l i n e  t o  t h e  r ece iv ing  te rmina l .  

A t  t h e  r ece iv ing  t e rmina l ,  a  bank of 
f i l t e r s  s e p a r a t e s  t h e  s i g n a l s  according 
t o  frequency. I n d i v i d u a l  demodulators 
recover  t h e  o r i g i n a l  voice s i g n a l .  Note 
t h a t  t h e  mul t ip lex ing  system shown i n  
f i g u r e  2-6 ope ra t e s  i n  only one d i r ec -  

t h a n  one s imultaneous s i g n a l .  I n  t h i s  t i on .  Most communication systems r e q u i r e  
t ype  of system, a  means must be provided two-way vo ice  t ransmission.  This  is  
f o r  i n s e r t i n g  t h e  i n d i v i d u a l  s i g n a l s  on to  accomplished by a  complete d u p l i c a t i o n  of 
t h e  common t r ansmis s ion  l i n e  and then  
s e p a r a t i n g  t h e s e  i n d i v i d u a l  s i g n a l s  a t  INSULATION CENTER CONDUCTOR 

t h e  ou tpu t  of t h e  l i n e .  There a r e  two 
p r i n c i p a l  methods of mul t ip lex ing  s ig -  

OUTER JACKET-. 
n a l s .  One i s  based on frequency t r a n s l a -  6 OUTER CONDUCTOR 

t i o n s  and i s  c a l l e d  f requency-divis ion 
mu l t i p l ex ing ,  o r  FDM. The o t h e r  i s  based 
on t ime-sharing t h e  t r ansmis s ion  l i n e  and FIGURE 2-5. - Coax ia l  cable, cross-sect ional  view, 

i s  c a l l e d  t ime-divis ion mul t ip lex ing ,  o r  
TDM . TRANSMITTING TERMINAL RECEIVING TERMINAL 

2.2.2d.i Frequency Div is ion  Mult iplexing 

Frequency d i v i s i o n  mul t ip lex ing  is  a  
p rocess  by which two o r  more s i g n a l s  a r e  
s e n t  over t h e  same l i n e  by t r a n s m i t t i n g  
each  s i g n a l  a t  a  d i f f e r e n t  frequency. 
The FDM concept can be i l l u s t r a t e d  by 
cons ide r ing  how t h e  commercial r a d i o  
broadcas t ing  systems opera te .  Each r a d i o  
s t a t i o n  t r ansmi t s  a t  a  s p e c i f i c  frequency 
t h a t  has  been ass igned  by t h e  Federa l  
Communications Commission (FCC). The 
s i g n a l  from each r a d i o  s t a t i o n  is  t r a n s -  
m i t t ed  by a  common pa th  ( t h e  a tmosphere) ,  
w i t h  many s t a t i o n s  being on t h e  a i r  a t  
t h e  same time. To r e c e i v e  a  p a r t i c u l a r  
s t a t i o n ,  a  person merely tunes  h i s  r a d i o  
( r e c e i v e r )  t o  t h e  frequency of t h e  
d e s i r e d  r a d i o  s t a t i o n .  

This  same p r i n c i p l e ,  t r a n s m i t t i n g  
more than  one vo ice  s i g n a l ,  each a t  a  
d i f f e r e n t  f requency,  over a  common pa th  

CHn CHn 

F lGlJRE 2-6. - Frequency d i v i s i o n  mu l t ip lex  (FDM), 

SINGLE WIRE PAIR OR COAX - - - - 
T T T 

---- 
- - - A  

MODEM 

FIGURE 2-7, - Mu l t ip lex  phone system, 



mul t ip lex ing  f a c i l i t i e s ,  wi th  t h e  compon- 
e n t s  i n  r eve r se  o rde r  and wi th  t h e  s i g n a l  
waves t r a v e l i n g  from r i g h t  t o  l e f t .  Each 
t e rmina l  has a  t r a n s m i t t i n g  modulator and 
a  r ece iv ing  f i l t e r  and demodulator com- 
bined t o  form a  "modem." 

A block diagram of t he  mul t ip lex ing  
p r i n c i p l e  i s  shown i n  f i g u r e  2-7. Each 
phone i s  connected t o  a  subsc r ibe r  termi- 
n a l  u n i t  o r  modem. The t ransmiss ion  l i n e  
i s  a  tw i s t ed  p a i r  o r  coax ia l  c ab l e  whose 
gage depends on t h e  system s i z e .  Repeat- 
ers can be i n s e r t e d  i n  t h e  l i n e  t o  com- 
pensa t e  f o r  a t t enua t ion .  

2.2.2d.ii  Time Div is ion  Mult iplexing 

Time d i v i s i o n  mul t ip lex ing  i s  a  
process  by which two o r  more s i g n a l s  a r e  
t r ansmi t t ed  over  t h e  same l i n e  by a l l o -  
c a t i n g  a  d i f f e r e n t  time i n t e r v a l  f o r  t h e  
t ransmiss ion  of each s igna l .  The time 
a v a i l a b l e  i s  d iv ided  up i n t o  small  s l o t s ,  
and each of t he se  i s  occupied by a  p iece  
of  one of t h e  s i g n a l s  t o  be s en t .  The 
mul t ip lex ing  equipment scans t he  i npu t  
s i g n a l s  i n  a  s e q u e n t i a l  round-robin 
f a s h i o n  so  t h a t  only one s i g n a l  occupies  
t h e  TDM l i n e  a t  any one time. 

The b a s i c  concept ,  showing two s ig-  
n a l s  (A and B) being time d i v i s i o n  
mul t ip lexed  toge the r ,  i s  i l l u s t r a t e d  i n  
f i g u r e  2-8. During t i m e  s l o t  1, s i g n a l  B 

S I G N A L 6  
T D M  LINE 
(A MULTIPLEXED WlTH BI 

SIGNAL A 

SIGNAL B 

A MULTIPLEXED 
W l T H  B 

TlME 

TlME 

TlME 

T I M E S L O T  1 2 3 4 5 6 7 8 9  ---- 

FIGURE 2-8. - Time multiplexing two signals. 

i s  connected t o  t h e  TDM l i n e .  During 
time s l o t  2 ,  s i g n a l  B i s  removed and s ig -  
n a l  A i s  placed on t h e  TEM l i n e .  This  
process  i s  repeated wi th  each s i g n a l  
a l t e r n a t e l y  occupying a  time s l o t  on t h e  
TDM l i n e .  The bottom waveform i n  
f i g u r e  2-8 shows t h e  r e s u l t i n g  t i m e  d iv i -  
s i o n  mult iplexed s igna l .  The TDM s i g n a l  
c o n s i s t s  of s i g n a l  A dur ing  t h e  even- 
numbered time s l o t s  and s i g n a l  B during 
t h e  odd-numbered t i m e  s l o t s .  To s e p a r a t e  
t h e  s i g n a l s ,  when they a r e  received a t  
t h e  o t h e r  end of t h e  TDPI l i n e ,  a  demulti- 
p l exe r  must be used. The demult iplexer  
i s  s i m i l a r  t o  a  mul t ip lexer  except t h a t  
t h e  i npu t  and output  a r e  reversed.  The 
demul t ip lexer  r econs t ruc t s  t h e  o r i g i n a l  
s i g n a l s  (A and B) from t h e  mult iplexed 
s i g n a l  . 

I n  order  t o  i l l u s t r a t e  t h e  TDM con- 
c e p t ,  t h e  preceding d i scus s ion  considered 
mul t ip lex ing  only two s i g n a l s  together .  
This  concept can be extended t o  mul t ip lex  
many s i g n a l s  t oge the r  onto a  s i n g l e  TDM 
l i n e .  For i n s t ance ,  i f  e i g h t  d i f f e r e n t  
s i g n a l s  a r e  t o  be mult iplexed,  t hen  each 
s i g n a l  would be placed onto  t h e  TDM l i n e  
each e i g h t h  time s l o t .  Figures  2-9 and 
2-10 show e i g h t  switches a t  one l o c a t i o n  
and e i g h t  lamps a t  another  which must be 
c o n t r o l l e d  by those  switches.  

The system shown i n  f i g u r e  2-9 i s  
simple and easy  t o  understand;  however, 
e i g h t  s e p a r a t e  wires must be s t rung  
between t h e  swi tches  and t h e  lamps. This 
can be q u i t e  c o s t l y  and imprac t i ca l  when 
t h e  switches and lamps a r e  separa ted  by 
l a r g e  d i s t ances .  Figure 2-10 shows how 
each lamp can s t i l l  be c o n t r o l l e d  by i t s  
a s s o c i a t e d  swi tch  u s ing  a  s i n g l e  w i r e  
(TDM l i n e )  between t h e  swi tches  and 
lamps. With t h e  wiper on each of t h e  
mul t ipo le  switches synchronized, t h i s  
system would sample t h e  s t a t u s  of t he  
f i r s t  i npu t  swi tch  (Sl) a t  t h e  t r ans -  
m i t t i n g  end and communicate t h a t  informa- 
t i o n  t o  t h e  r ece iv ing  end. A t  t h e  next 
i n t e r v a l  of t ime,  both mul t ipo le  switches 
would s t e p  t o  p o s i t i o n  2. Control  of t h e  
second lamp would be accomplished by sam- 
p l i n g  t h e  s t a t u s  of t he  S2 i npu t  swi tch  
a t  t h e  t r a n s m i t t i n g  end. A t  t h e  next 
time i n t e r v a l ,  both scanner  switches 
would s t e p  t o  p o s i t i o n  3 and a  s i m i l a r  



SWITCHES 
INDICATOR 
LAMPS 

POWER 
I S W L Y  /J, 

FIGURE 2-9, - No mul t ip lex ing (e ight  wires required), 

INDICATOR 
LAMPS 

SINGLE 
T D M  L INE 

I 

POWER G b  SCANNER 
SWITCHES 

FIGURE 2-10, - Time d iv is ion  mult iplexing (one wire), 

c o n t r o l  a c t i o n  would r e s u l t  f o r  t h e  t h i r d  
lamp. A f t e r  a l l  e i g h t  p o s i t i o n s  had been 
scanned ,  t h e  s c a n n e r  s w i t c h  would r e t u r n  
t o  p o s i t i o n  1 and s t a r t  t h e  sequence over  
aga in .  I f  t h e  scann ing  were f a s t  enough 
t h e  l i g h t s  would appear  t o  glow s t e a d y  
and n o t  b l i n k .  I n  a  l i k e  manner, i f  t h i s  
were a  v o i c e  sys tem,  i t  would n o t  sound 
chopped. 

2.2.3 Telephone Exchanges 

The f u n c t i o n  of any t e l e p h o n e  
exchange i s  t o  connect  a  c a l l i n g  phone t o  
a  c a l l e d  phone. The e a r l i e s t  method of 
c o n n e c t i o n  was t h e  manual swi tchboard  

l o c a t e d  w i t h i n  a  p r i v a t e  branch exchange 
(PBX). A s  t h e  number of phones i n  u s e  
i n c r e a s e d ,  t h e  s i z e  and complexi ty  of 
manual swi tchboards  a l s o  inc reased .  This  
l e d  t o  t h e  development of a n  a u t o m a t i c  
s w i t c h i n g  system c a l l e d  a  p r i v a t e  au to -  
m a t i c  branch exchange (PABX). S ince  t e l -  
ephone l i n e s  a r e  c u r r e n t l y  used a s  d a t a  
l i n k s  f o r  computers,  t e l e t y p w r i t e r s ,  and 
v a r i o u s  o t h e r  d a t a  equipment,  f a s t e r ,  
more r e l i a b l e  exchanges were needed. To 
f i l l  t h i s  need,  t h e  computer i s  p r e s e n t l y  
used  t o  c o n t r o l  l a r g e  s o l i d  s t a t e  
exchanges and perform many o t h e r  c e n t r a l  
o f f i c e  (CO) f u n c t i o n s .  

2.2.3a Manual Switchboard 

The e a r l i e s t  swi tchboards  al lowed 
t h e  o p e r a t o r  t o  manually p a t c h  two c i r -  
c u i t s  t o g e t h e r .  When t h e  c e n t r a l  o f f i c e  
r e c e i v e d  r i n g i n g  c u r r e n t ,  t h e  o p e r a t o r  
i n s e r t e d  t h e  answering plug i n t o  t h e  j a c k  
of t h e  c a l l e r .  A f t e r  v e r b a l l y  r e c e i v i n g  
t h e  c a l l e d  number, t h e  o p e r a t o r  i n s e r t e d  
t h e  c a l l i n g  plug of t h e  same c i r c u i t  i n t o  
t h e  c a l l e d  p a r t y ' s  j a c k  and a p p l i e d  r ing-  
i n g  v o l t a g e  on t h e  r i n g e r  of t h e  c a l l e d  
p a r t y .  A f t e r  t h e  c o n v e r s a t i o n  has  been 
concluded,  bo th  p a r t i e s  would r i n g  o f f ,  
in fo rming  t h e  o p e r a t o r  t h a t  t h e  plugs  
cou ld  be d i sconnec ted .  

2.2.3b P r i v a t e  Automatic Branch Exchange 

The p r i v a t e  a u t o m a t i c  branch 
exchange performs t h e  same end f u n c t i o n  
a s  t h e  o p e r a t o r  a t  t h e  o l d  manual swi tch-  
board. It makes a  connec t ion  between t h e  
phone l i n e  of a  c a l l e r  t o  t h e  l i n e  of t h e  
phone be ing  c a l l e d .  Connect ions  through 
PABX's can  be made u s i n g  e l e c t r o -  
mechanical  d e v i c e s  ( r o t a r y  s w i t c h e s ,  
r e l a y s ,  e t c . )  o r  s o l i d  s t a t e  e l e c t r o n i c  
c i r c u i t s .  

I n  r o t a r y  d i a l  phone system,  t h e  
phone l o o p ,  which i n c l u d e s  t h e  two speech 
w i r e s  and t h e  t e lephone  s e t ,  i s  momentar- 
i l y  i n t e r r u p t e d  by t h e  d i a l  s w i t c h  a s  t h e  
d i a l  runs  down. The number of loop  
i n t e r r u p t i o n  e l e c t r i c a l  p u l s e s  t h u s  gen- 
e r a t e d  cor responds  t o  t h e  number d i a l e d .  
I n  pushbut ton- type phone sys tems ,  t h e  
numer ica l  i n f o r m a t i o n  (each  d i g i t  d i a l e d )  



i s  t r ansmi t t ed  t o  t h e  swi tch ing  equipment 
i n  t h e  form of coded frequency or  vo l tage  
s i g n a l s  . In  e i t h e r  case ,  t h e  PABX 
swi tch ing  equipment must r ece ive  and 
decode t h e  "number d i a l ed"  s i g n a l s  from 
t h e  c a l l i n g  phone t o  determine what phone 
i s  being c a l l e d .  

2 . 2 . 3 ~  Computer-Controlled Switches 

Modern s o l i d  s t a t e  exchanges under 
computer c o n t r o l  can e f f i c i e n t l y  handle 
thousands of phone l i n e s .  In a d d i t i o n  t o  
be ing  f a s t e r  and more r e l i a b l e ,  computer- 
c o n t r o l l e d  equipment occupies only a 
f r a c t i o n  of t h e  space  r equ i r ed  by systems 
u s i n g  mechanical r e l a y s  o r  r o t a r y  
swi tches .  

A l t e r a t i o n s  t o  t he se  systems no 
longe r  r e q u i r e  a l o t  of time and hardware 
s i n c e  t h e  swi tch ing  i s  under c o n t r o l  of a 
computer program. Changes such a s  adding 
phones, d e l e t i n g  phones, changing a phone 
number, e t c . ,  can be made by simply 
changing t h e  program. The computer a l s o  
can  keep t r a c k  of b i l l i n g  func t ions  and 
s p e c i a l  events .  Spec i a l  f e a t u r e s ,  such 
a s  conference c a l l s ,  automatic  c a l l  f o r -  
warding, and abbrev ia ted  d i a l i n g ,  can be 
i nco rpo ra t ed  i n t o  computer-controlled 
exchanges by making changes t o  t h e  com- 
p u t e r  program. 

System maintenance can a l s o  be han- 
d l e d  by computer program. In s t ead  of 
many l a b o r  hours spen t  i n  a t tempt ing  t o  
l o c a t e  and c o r r e c t  a f a u l t ,  t h e  computer 
can  cyc l e  through a l l  p a r t s  of t h e  system 
and l o c a t e  a t r o u b l e  s p o t  w i t h i n  a ma t t e r  
of minutes. Because computer ope ra t i ons  
a r e  very f a s t ,  they can be performing 
maintenance func t ions  even whi le  handl ing  
t h e  swi tch ing  f u n c t i o n  f o r  thousands of 
c a l l s .  

2.3 Radio Systems 

Radio systems do not  depend on a 
w i r e  connect ion between t r a n s m i t t e r  and 
r ece ive r .  There a r e  many types  of sys-  
tems i n  t h i s  category: one-way voice,  
one-way s i g n a l ,  and two-way voice.  I n  
one-way ope ra t i ons ,  t he  t r a n s m i t t e r  sends 
a code o r  vo ice  s i g n a l  t o  t h e  rece iver .  

Two-way voice u t i l i z e s  a device c a l l e d  a 
t r a n s c e i v e r  (combined form of t r a n s m i t t e r  
and r e c e i v e r ) .  

2.3.1 General Radio System Theory 

Voice frequency (VF ) s i g n a l s  could 
be t r ansmi t t ed  d i r e c t l y  from one antenna 
t o  another ;  however, because of t he  low 
f requenc ies  (and t h e r e f o r e  long wave- 
l eng ths )  involved, t h e  antennas r equ i r ed  
would be very la rge .  For t h i s  reason,  VF 
s i g n a l s  a r e  combined wi th  h igher  f r e -  
quency RF ( r a d i o  frequency)  c a r r i e r  s i g -  
n a l s  which can be e f f e c t i v e l y  t r ansmi t t ed  
and received by antennas of reasonable  
s i z e .  The two primary methods of com- 
b in ing  VF s i g n a l s  and RF c a r r i e r s  a r e  
amplitude modulation (AM) and frequency 
modulation (FM). 

2.3.la Amplitude Modulation 

In  amplitude modulation the  he igh t ,  
o r  amplitude, of t h e  RF c a r r i e r  i s  made 
t o  vary wi th  t h e  VF s igna l .  This pr in-  
c i p l e  i s  i l l u s t r a t e d  i n  f i g u r e  2-11. The 
top  waveform shown i n  f i g u r e  2-11 i s  a 
t y p i c a l  VF s igna l .  The middle waveform 
of f i g u r e  2-11 r ep re sen t s  an RF c a r r i e r  
t h a t  w i l l  e a s i l y  propagate between an- 
tennas of convenient s i ze .  The bottom 
waveform shows t h e  r e s u l t  of "amplitude 
modulating" t h e  RF c a r r i e r  wi th  t h e  VF 
s i g n a l .  This s i g n a l  r e t a i n s  t h e  b a s i c  
shape of t h e  o r i g i n a l  VF s i g n a l  but w i l l  
a l s o  e a s i l y  propagate between antennas 
because i t  is  being t r ansmi t t ed  a t  t h e  RF 
c a r r i e r  frequency. The o r i g i n a l  voice 
s i g n a l  i s  regenerated by demodulation 
c i r c u i t s  i n  t h e  r ece ive r .  

2.3. l b  Frequency Modulation 

A vo ice  s i g n a l  may a l s o  be super-  
imposed on a c a r r i e r  frequency through 
t h e  use of frequency modulation tech- 
niques.  I n  FM, t h e  frequency of t h e  RF 
c a r r i e r  i s  made t o  vary a t  t h e  VF s i g n a l  
r a t e .  A s  t he  amplitude of t he  VF s i g n a l  
changes, t h e  frequency of t h e  RF c a r r i e r  
( i n s t e a d  of t h e  ampli tude)  changes. 

Figure 2-12 shows t h e  p r i n c i p l e s  of 
frequency modulation. The voice  s i g n a l  
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FIGURE 2-1 1. - Amplitude modulation (AM). 

i s  shown by t h e  t op  waveform and t h e  RF 
c a r r i e r  by t h e  middle waveform. The bot- 
tom wavgform shows t h e  r e s u l t a n t  
f  requency-modulated RF c a r r i e r .  As  t h e  
vo i ce  s i g n a l  i nc reases  t o  i t s  maximum 
va lue ,  t h e  c a r r i e r  frequency i n c r e a s e s  
( t h e  waves bunch up). As t h e  vo ice  s ig -  
n a l  decreases  t o  i t s  minimum va lue ,  t h e  
c a r r i e r  frequency decreases  ( t h e  wave 
spreads  ou t ) .  The amount of c a r r i e r  f r e -  
quency change i s  r e f e r r e d  t o  a s  frequency 
d e v i a t i o n  o r  c a r r i e r  dev ia t ion .  The 
unmodulated c a r r i e r  frequency i s  r e f e r r e d  
t o  a s  t h e  c e n t e r  frequency. The amount 
of c a r r i e r  d e v i a t i o n  i s  p ropor t i ona l  t o  
t h e  amplitude of t h e  vo ice  s i g n a l ,  w i th  
maximum c a r r i e r  dev i a t i on  occur r ing  a t  
t h e  peaks of t h e  vo ice  s i g n a l .  

FIGURE 2-12. - Frequency modulation (FM). 

FM r e c e i v e r s  a r e  l e s s  s u s c e p t i b l e  t o  
n o i s e  when r ece iv ing  a  s i g n a l  of only 
moderate s t r e n g t h  o r  when t h e  background 
e lec t romagnet ic  (EM) n o i s e  i s  almost a s  
"loud" a s  t h e  s igna l .  This advantage of 
FM over AM can become an important con- 
s i d e r a t i o n  i n  underground mining opera- 
t i o n s  where e l e c t r i c a l  equipment i s  being 
operated and t h e  amount of EM no i se  being 
genera ted  i s  la rge .  

2.3.2 D i s t r i b u t i o n  Systems 

For t h e  most p a r t ,  t he  d i s t r i b u t i o n  
system o r  propagat ing medium f o r  r a d i o  
t ransmiss ion  i s  not  hardwired but t akes  
t h e  form of e lec t romagnet ic  ( r a d i o )  waves 
i n  t h e  a i r .  (Radio waves a t  c e r t a i n  
f requenc ies  w i l l  a l s o  propagate d i r e c t l y  
through t h e  e a r t h . )  Electromagnet ic  
energy ( r a d i o  waves) i n  empty space 
t r a v e l  a t  t h e  speed of l i g h t .  Because 
t h e  speed of any t r a v e l i n g  wave i s  i t s  



wavelength t imes i t s  frequency,  we have a 
formula of propagat ion (f X = speed of 
l i g h t )  where X i s  t h e  wavelength and f  i s  
t h e  frequency . X and f a r e  t hus  
i n v e r s e l y  p ropo r t i ona l  ( a s  f  i n c r e a s e s ,  X 
d e c r e a s e s ) ,  a s  shown i n  f i g u r e  2-13. 
Commonly used u n i t s  a r e  X i n  meters  and f  
i n  h e r t z  (Hz) ( cyc l e s  per  second).  I f  
t h e  wave i s  t r a v e l i n g  through anyth ing  
o t h e r  than  empty space ,  i t s  speed i s  
reduced depending upon t h e  e l e c t r i c a l  
p r o p e r t i e s  of t h e  medium through which i t  
i s  passing.  Radio waves a r e  slowed down 
only s l i g h t l y  by t h e  e a r t h ' s  atmosphere. 
I n  s o l i d  i n s u l a t i n g  m a t e r i a l s  t h e  speed 
i s  g e n e r a l l y  much s lower ;  f o r  example, i n  
d i s t i l l e d  wate r  (which i s  a good insu-  
l a t o r )  t h e  waves t r a v e l  only one-ninth a s  
f a s t  a s  they do i n  f r e e  space.  I n  good 
conductors  such a s  meta l s  t h e  speed i s  s o  
low t h a t  opposing f i e l d s  induced i n  t h e  
conductor  by t h e  wave almost  cance l  t h e  
wave i t s e l f .  This  i s  t h e  reason  why t h i n  
me ta l  enc lo su re s  make good s h i e l d s  f o r  
e l e c t r i c a l  f i e l d s  a t  r a d i o  f requenc ies .  

Usually an antenna i s  a s t r a i g h t  
s e c t i o n  of conductor,  e i t h e r  a wi re  o r  
hollow metal  tub ing ,  which i s  suspended 
i n  space.  When a r a d i o  t r a n s m i t t e r  i s  
connected t o  t h e  antenna,  r a p i d l y  varying 
e l e c t r i c a l  c u r r e n t s  a r e  s e t  up i n  t h e  
antenna. These c u r r e n t s  cause e l e c t r o -  
magnetic waves t o  r a d i a t e  from t h e  
antenna and t r a v e l  through t h e  atmosphere 
o r  o t h e r  surrounding medium. When t h e s e  
waves s t r i k e  another  antenna they induce 
e l e c t r i c a l  c u r r e n t s  i n  i t  s i m i l a r  t o  t h e  
c u r r e n t  f lowing i n  t h e  t r a n s m i t t i n g  
antenna. These c u r r e n t s ,  a l though they 
may be very smal l  i f  t h e  antennas a r e  f a r  
a p a r t  o r  i f  they a r e  t r a n s m i t t i n g  through 
t h e  e a r t h ,  can be ampl i f ied  by e l e c t r o n i c  
c i r c u i t s  ( r e c e i v e r s )  t o  reproduce t h e  
o r i g i n a l  s i g n a l .  The range of r a d i o  d i s -  
t r i b u t i o n  systems can be extended by 
leaky  f e e d e r  cab l e  ( s p e c i a l  c o a x i a l  c a b l e  
designed t o  a l low r a d i o  waves t o  " leak" 
from t h e  cab l e  t o  t h e  surrounding atmos- 
phere and/or  r a d i o  r e p e a t e r  s t a t i o n s .  

2.3.2a.i Half-Wave Dipole Antenna 
2.3.2a Antenna Theory 

I n  normal e l e c t r o n i c  c i r c u i t s  t h e  
p h y s i c a l  s i z e  of a c i r c u i t  i s  smal l  com- 
pared w i th  t h e  wavelength of t h e  f r e -  
quenc ies  being used. When t h i s  i s  t h e  
c a s e ,  most of t h e  e lec t romagnet ic  energy 
s t a y s  i n  t h e  c i r c u i t  i t s e l f  o r  i s  con- 
v e r t e d  i n t o  hea t .  However, when t h e  
p h y s i c a l  dimensions of w i r i ng  o r  compon- 
e n t s  approach t h e  s i z e  of t h e  wavelength 
be ing  used,  some of t h e  energy escapes  by 
r a d i a t i o n  i n  t h e  form of e lec t romagnet ic ,  
o r  r a d i o ,  waves. Antennas can be con- 
s i d e r e d  a s  s p e c i a l  c i r c u i t s  i n t e n t i o n a l l y  
des igned  s o  t h a t  a l a r g e  p a r t  of t h e  
energy i n p u t  t o  t h e  antenna w i l l  be 
r a d i a t e d  a s  e lec t romagnet ic  energy. 

The s t r e n g t h  of t h e  e lec t romagnet ic  
f i e l d  r a d i a t e d  from an  antenna i s  propor- 
t i o n a l  t o  t h e  amount of c u r r e n t  f lowing 
i n  t h e  antenna. It i s ,  t h e r e f o r e ,  d e s i r -  
a b l e  t o  make t h e  c u r r e n t  a s  l a r g e  a s  pos- 
s i b l e .  This  can be accomplished by 
a d j u s t i n g  t h e  l eng th  of t h e  antenna s o  
t h a t  i t  r e sona t e s  a t  t h e  ope ra t i ng  
frequency . 

I f  a s t r a i g h t  w i r e ,  o r  antenna e l e -  
ment, were t o  be suspended i n  space,  t h e  
lowest  freqdency a t  which i t  would 
r e sona t e  has  a wavelength of twice t h e  
l eng th  of t h e  wire .  When used t o  t r a n s -  
m i t  o r  r ece ive  RF energy t h a t  has  a wave- 
l e n g t h  of twice t h e  l e n g t h  of t h e  w i r e ,  
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FIGURE 2-13. - Electromagnetic energy spectrum, 



FIGURE 2-14. - Half-wave antenna, voltage and 

current distr ibut ion. 
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t h e  w i r e  i s  known a s  a h a l f w a v e  antenna. 
The c u r r e n t  and vo l t age  d i s t r i b u t i o n s  
a long  such a w i r e  a r e  shown i n  f i g u r e  2- 
14. Such an antenna,  when connected t o  a 
r e c e i v e r  a s  shown i n  f i g u r e  2-15, i s  
c a l l e d  a d ipo le .  

1 

2.3.2a.i i  Quarter-Wave Antenna 

A 

An an tenna  may a l s o  be a q u a r t e r  
wave i n  l eng th .  This  i s  p o s s i b l e  because 
of i t s  connect ion t o  ground, which e l e c -  
t r i c a l l y  a c t s  a s  t h e  o t h e r  qua r t e r -  
wavelength. Refer  t o  f i g u r e  2-16. The 
ground p lane  r e f l e c t s  t h e  quarter-wave 
an tenna  s o  i t  has  e l e c t r i c a l  cha rac t e r -  
i s t i c s  s i m i l a r  t o  t hose  of a half-wave 
antenna. 

An antenna of t h i s  s o r t  may be 
any odd m u l t i p l e  of a quarter-wavelength: 
1/4A, 3/4X, 5/4X, 7/4X, e t c .  These 
an tennas  a r e  commonly used f o r  low- and 
medium-f requency a p p l i c a t i o n s .  I f  a 
quarter-wave whip antenna i s  i n s t a l l e d  on 
a v e h i c l e ,  t h e  v e h i c l e  becomes t h e  ground 
plane.  A modified quarter-wave antenna 
i s  commonly used f o r  c i t i z e n s '  band (CB) 
r a d i o s  on veh i c l e s .  

CURRE 

- 

GROUND 

FIGURE 2-1 6. - Quarter-wave antenna, 

voltage and current distr ibut ion. 

2.3.2a. i i i  Long-Wire Antenna 

A long-wire antenna is  one t h a t  i s  
long w i th  r e spec t  t o  t h e  wavelength of 
t h e  incoming and outgoing s i g n a l s .  The 
l e n g t h  should be an  i n t e g r a l  number of 
h a l f  -wavelengths (ZX, 2-1/2X, 3X, 3-1/2X, 
e t c . )  t o  r a d i a t e  e f f e c t i v e l y .  A 1/2X 
( d i p o l e  antenna)  i s  s a i d  t o  ope ra t e  
on t h e  fundamental  f requency,  X oper- 
a t e s  on t h e  second harmonic, 1-1/2X 
ope ra t e s  on t h e  t h i r d  harmonic, 2X oper- 
a t e s  on t h e  f o u r t h  harmonic, and s o  
on. 

2 . 3 . 2 a . i ~  Loop Antenna 

Loop antennas can be u t i l i z e d  f o r  
through-the-earth r a d i o  t ransmiss ions  o r  
a s  r ece iv ing  antennas i n  d i r e c t i o n -  
f i n d i n g  systems. These antennas can be 
composed of one o r  more t u r n s  of wi re  on 
a round o r  square  form, o r  t h e  loop can 
be e s t a b l i s h e d  by simply l a y i n g  t h e  w i r e  
i n  a loop on t h e  ground o r  f l o o r  of a 
mine tunne l .  



2.3.2b Leaky Feeder  Systems COAXIAL CABLE 
1 

F i g u r e  2-17 shows a c r o s s - s e c t i o n  
view of a s t a n d a r d  c o a x i a l  c a b l e  and t h e  
l a t e r a l  v a r i a t i o n  of i t s  a s s o c i a t e d  
f i e l d s ,  I n s u c h c a b l e s , t h e b u l k o f t h e  
r a d i o  f requency e l e c t r o m a g n e t i c  energy i s  
t r a n s p o r t e d  down t h e  c a b l e  between t h e  
c e n t e r  conductor  and t h e  s h i e l d ,  How- 
e v e r ,  t h e  s h i e l d s  of most c o a x i a l  c a b l e s  
do n o t  p rov ide  p e r f e c t  containment of t h e  
i n t e r n a l  e l e c t r o m a g n e t i c  f i e l d s  o r  i s o l a -  
t i o n  from e x t e r n a l  f i e l d s ,  A s  shown i n  
f i g u r e  2-17, a s m a l l  f r a c t i o n  of t h e  
c a b l e ' s  i n t e r n a l  f i e l d  i s  l eaked  t o  t h e  
e x t e r n a l  space ,  E x t e r n a l  f i e l d s  a l s o  
l e a k  i n t o  t h e  c a b l e  i n  a s i m i l a r  manner. 

The l e a k y  f e e d e r  system i s  based on 
t h e  u s e  of s e m i f l e x i b l e  c a b l e  w i t h  spe- 
c i a l l y  des igned s h i e l d i n g  t h a t  has  a 
g r e a t e r  coup l ing  t o  t h e  e x t e r n a l  space ,  
T h e r e f o r e ,  t h i s  c a b l e  e a s i l y  l e a k s  r a d i -  
a t e d  s i g n a l s  and s a t u r a t e s  t h e  a r e a  
around t h e  c a b l e  w i t h  t h e s e  s i g n a l s ,  One 
t y p e  of l e a k y  f e e d e r  c a b l e  i s  shown i n  
f i g u r e  2-18, The c a b l e  h a s  a s o l i d  cop- 
p e r  s h i e l d  i n  which h o l e s  have been ma- 
ch ined  t o  i n c r e a s e  t h e  amount of l eakage  
t o  and from e x t e r n a l  space,  I n  l a r g e  
mines ,  r e p e a t e r s  may a l s o  be used t o  
ampl i fy  and r e t r a n s m i t  incoming and ou t -  
g o i n g  s i g n a l s  t o  r o v i n g  miners  c a r r y i n g  
p o r t a b l e  r a d i o s .  The s p a c i n g  of t h e s e  
r e p e a t e r s  a long  t h e  c a b l e  i s  governed 
p r i m a r i l y  by t h e  r e c e i v e r  s e n s i t i v i t y ,  
t h e  l o n g i t u d i n a l  a t t e n u a t i o n  r a t e  of t h e  
c a b l e ,  t h e  coup l ing  l o s s  from t h e  c a b l e  
t o  t h e  p o r t a b l e  u n i t s ,  and t h e  t r a n s -  
m i t t e r  power, S ince  t h e  p o r t a b l e  u n i t ' s  
t r a n s m i t t e r  power i s  g e n e r a l l y  lower t h a n  
t h a t  a v a i l a b l e  f o r  f i x e d  r e p e a t e r  o r  base  
s t a t i o n s ,  t h e  p o r t a b l e  u n i t s  set t h e  cov- 
e r a g e  l i m i t s  f o r  two-way communications. 
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FIGURE 2-17. - Coax ia l  cable, f i e l d  strength. 

2,3,2c,  Waveguide Propaga t ion  

A waveguide i s  a hollow conductor ,  
through which e l e c t r o m a g n e t i c  waves 
( r a d i o  waves) may propagate .  Such a 
waveguide may be made of copper ( t h e  
i d e a l ) ,  o r  o t h e r  m a t e r i a l s ,  such a s  c o a l  
o r  s h a l e  ( n o n i d e a l ) ,  Hence, a mine e n t r y  
i s  a waveguide, I n  o r d e r  f o r  a wave t o  
e f f i c i e n t l y  p ropaga te  i n  a r e c t a n g u l a r  
waveguide (mine e n t r y  o r  haulageway),  t h e  
wavelength must be e q u a l  t o  o r  l e s s  t h a n  
two t imes t h e  g r e a t e r  dimension ( a  o r  b 
of f i g u r e  2-19), Table  2-2 shows t h e  
f requency spectrum d e s i g n a t i o n s  w i t h  
t h e i r  wavelength ranges ,  The dimension 
of "a" t h a t  would be common i n  under- 
ground communications i s  3 mete r s ,  Th i s  
l i m i t s  t h e  lowes t  f requency range of 
s i g n a l s  t h a t  w i l l  e f f e c t i v e l y  p ropaga te  
w i t h i n  mine t u n n e l s  t o  t h e  upper  VHF and 
t h e  UHF range.  A communication d e v i c e  
such a s  a CB r a d i o  has  no a p p l i c a t i o n  
s i n c e  i t  o p e r a t e s  a t  approximately  
27 MHz, a f requency which is  t o o  low, 

HOLES IN SHIELD 

L H , E L D 7  
CONDUCTOR 

L I N s u L A T I o N  

FIGURE 2-18. - Cutaway v iew of leaky feeder cable. 



TABLE 2-2. - Frequency spectrum d e s i g n a t i o n  

Other  f a c t o r s  t h a t  i n f l u e n c e  wave- 
gu ide  p ropaga t ion  a r e  w a l l  t e x t u r e  ( t h e  
smoother t h e  w a l l ,  t h e  b e t t e r  t h e  propa- 
g a t i o n )  and t unne l  s t r a i g h t n e s s ,  and 
e l e c t r i c a l  p r o p e r t i e s  of t h e  r o o f ,  w a l l s ,  
and f l o o r .  

r e p e a t e r s  and f requency t r a n s l a t i o n  
(Fl-F2) r e p e a t e r s .  I n  i t s  s i m p l e s t  form 
a r e p e a t e r  c o n s i s t s  of two b a s i c  e l e -  
ments,  a r e c e i v e r  u n i t  and a t r a n s m i t t e r  
u n i t ,  a s  shown i n  f i g u r e  2-20. 

Wavelength range 
lo6- lo5 m 
lo5- lo4 m 
lo4- lo3  m 
lo3- lo2 m 

100 -10 m 
1 0 - l m  

1 - 0.1 m 
10 - 1 cm 

1 - 0.1 cm 

2.3.2d.i F1-F1 Repeater 

Frequency 
300-3,000 Hz............ 
3-30 kHz................ 
30-300 kHz.............. 
300-3,000 kHz........... 
3,000-30,000 kHz........ 
30-300 MHz.............. 
300-3,000 MHz........... 
3,000-30,000 MHz........ 
30-300 GHz.............. 

Abrev ia t ion  
VF......... 
VLF........ 
LF......... 
MI?......... 
HF......... 
VHF........ 
UHF........ 
SHF........ 
EHF........ 

2.3.2d. Repeaters  

Desc r i p t i on  
Voice frequencies. . . . . . . . . . .  
Very low frequencies . . . . . . . .  
Low frequencies. . . . . . . . . . . . .  
Medium frequencies. . . . . . . . . .  
High frequencies. . . . . . . . . . . .  
Very high f requencies . . . . . . .  
U l t r a  h igh  f requencies . . . . . .  
Super h igh  f requencies . . . . . .  
Extremely high f requenc ies . .  

Two g e n e r a l  t ypes  of r e p e a t e r s  w i l l  
be cons idered  f o r  a p p l i c a t i o n  i n  t h e  mine 
environment : Single-f  requency (Fl-F1 ) 

COPPER WALLS (IDEAL) 

FIGURE 2-19. - Waveguides. 

Single-frequency r e p e a t e r s  a r e  used 
i n  most wired systems such a s  c o a x i a l  
systems where t h e  t r an smi s s ion  energy i s  
conf ined  w i t h i n  t h e  coax. These r epea t -  
e r s  f u n c t i o n  a s  s i g n a l  a m p l i f i e r s .  The 
a t t e n u a t e d  i npu t  s i g n a l  i s  d e t e c t e d ,  
amp l i f i ed ,  and r e t r a n s m i t t e d .  Since t h e  
s i g n a l s  a r e  conf ined  t o  a s e p a r a t e  coax, 
i s o l a t i o n  between t r a n s m i t t e r  and 
r e c e i v e r  i s  mainta ined.  

Single-frequency r e p e a t e r s  a r e  a l s o  
used i n  some w i r e l e s s  r e p e a t e r  systems,  
bu t  extreme cau t i on  must be used 
t o  prevent  feedback between r e p e a t e r  
t r a n s m i t t e r  and r e c e i v e r .  I s o l a t i o n  must 
be mainta ined between t h e  t r a n s m i t t e r  
ou tpu t  and r e c e i v e r  i n p u t  t o  p reven t  t h e  
t r a n s m i t t e d  s i g n a l  from being rece ived  
and amp l i f i ed  by t h e  same u n i t .  Th is  
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FIGURE 2-20. - Bas ic  repeater b lock diagram. 



feedback can cause an o s c i l l a t i o n  o r  
squea l ing  problem very s i m i l a r  t o  t h a t  
caused by p l ac ing  a microphone i n  f r o n t  
of  i t s  own speaker.  D i r ec t i ona l  antennas 
can be used t o  minimize t h i s  feedback 
problem; however, t h e  use  of high-gain 
d i r e c t i o n a l  antennas is  not considered 
p r a c t i c a l  i n  t h e  mine environment owing 
t o  i n s t a l l a t i o n  problems and t h e i r  sus-  
c e p t i b i l i t y  t o  mechanical damage. 

Another method of overcoming t h e s e  
problems is  t o  use  s p e c i a l  r e p e a t e r s  t h a t  
do not  depend on d i r e c t i o n a l  antennas.  
I n  gene ra l  terms, these  u n i t s  func t ion  
by s e p a r a t i n g  t h e  t ransmi t  and r ece ive  
s i g n a l s  w i th  time d i v i s i o n  mult iplex-  
ing .  The r e p e a t e r s  t ransmi t  pu l se s  
of RF energy and r ece ive  between t h e s e  
pu lses .  I n  t h i s  type  of system a l l  re- 
p e a t e r s  must be phase-locked wi th  each 
o t h e r  t o  synchronize t h e  t i m e  d i v i s i o n  
process .  

2.3.2d.ii F1-F2 Repeater 

F1-F2 r e p e a t e r s  r ece ive  s i g n a l s  from 
a po r t ab l e  u n i t  on one frequency (F l )  and 
r e t r ansmi t  t he se  s i g n a l s  on another  f r e -  
quency (F2) t o  another  po r t ab l e  u n i t .  
The mobile r ad ios  t ransmi t  on F1 and 
r e c e i v e  on F2. I n  t h i s  mode, a l l  i n f o r -  
mation goes t o  t h e  r e p e a t e r s ,  then back 
t o  t h e  po r t ab l e  u n i t s .  Some p o r t a b l e  
u n i t s  a r e  a l s o  capable of t r a n s m i t t i n g  on 
F2 and, t h e r e f o r e ,  a r e  a b l e  t o  t a l k  t o  
one another  without t h e  r e p e a t e r s  on a 
l o c a l  simplex bas i s .  With t he se  systems, 
t h e  r ece ive  and t ransmi t  antennas a t  t h e  
r e p e a t e r  a r e  o f t e n  covering t h e  same 
gene ra l  frequency bands and they can be 
combined s o  t h a t  only one antenna is  
requi red .  

Thus f a r ,  r epea t e r s  have been d i s -  
cussed only a s  a means t o  permit communi- 
c a t i o n  over g r e a t e r  d i s t a n c e s  than would 
be p o s s i b l e  u s ing  d i r e c t  t ransmiss ion  
between p o r t a b l e  rad ios .  However, t h e  
audio  l i n k  between t h e  t r a n s m i t t e r  and 
r e c e i v e r  i n  t h e  r epea t e r s  a l lows r ad io  
acces s  t o  and from o t h e r  types  of audio 
c i r c u i t s ,  such a s  s p e c i a l i z e d  paging con- 
s o l e s  o r  t h e  telephone system. 

One poss ib le  system conf igu ra t i on  
which inc ludes  both a te lephone l i n k  and 
ta lk- through c a p a b i l i t y  is  shown i n  
f i g u r e  2-21. This con f igu ra t i on  al lows 
f o r  two modes of communications: F1-F2 
would be used f o r  a l o c a l  mode, t h a t  is ,  
miner t o  miner w i th in  t h e  working s e c t i o n  
through the  r epea t e r ;  and t h e  second mode 
could support  communications between a 
miner l oca t ed  i n  a working s e c t i o n  wi th  
a second miner l oca t ed  somewhere e l s e  i n  
t h e  mine. The audio l i n k  ( f i g .  2-21) 
between t h e  r ece ive r  and t r a n s m i t t e r  of a 
r e p e a t e r  can be used t o  customize repea t -  
e r s  t o  f i t  a v a r i e t y  of app l i ca t i ons .  An 
audio w i r e l i n e  can a l s o  be used t o  l i n k  
a number of r epea t e r s  t oge the r  t o  pro- 
v ide  complete r ad io  coverage of t h e  mine 
on a p a r t y  l i n e  b a s i s  a s  shown i n  
f i g u r e  2-22. 

2.3.3 Through-the-Earth Radio 

VF (0.3- t o  3-kHz) r a d i o  waves w i l l  
p e n a t r a t e ,  t o  some e x t e n t ,  d i r e c t l y  
through t h e  e a r t h .  Although s i g n a l  
s t r e n g t h  is g r e a t l y  a t t e n u a t e d ,  exper i -  
ments have shown t h a t  up t o  1,000 f e e t  
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FIGURE 2-21. - Repeater linked to telephone system. 
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(305 m e t e r s )  of overburden may be 
p e n e t r a t e d .  

The t r a n s m i t t e r  may be a  s imple  gen- 
e r a t o r  w i t h  a  l o o p  o r  grounded w i r e  
antenna.  The r e c e i v e r  may be a  loop  an- 
t e n n a  connected t o  a  power a m p l i f i e r  w i t h  
a  s e t  of earphones  o r  a  meter.  When t h e  
t r a n s m i t t e r  i s  a c t i v a t e d ,  i t  s e t s  up a  
magne t ic  f i e l d  d i r e c t l y  through t h e  e a r t h  
( t h e  overburden) .  

These c h a r a c t e r i s t i c s  of through- 
t h e - e a r t h  r a d i o  can  be u t i l i z e d  i n  emer- 
gency s i t u a t i o n s  t o  d e t e c t ,  l o c a t e ,  and 
even  communicate w i t h  miners  t r apped  
underground. Once t h e  p o s i t i o n  of a n  
underground t r a n s m i t t i n g  an tenna  h a s  been 
determined u s i n g  d i r e c t i o n - f i n d i n g  t ech-  
n i q u e s ,  a  loop  an tenna  can  be p o s i t i o n e d  
on  t h e  s u r f a c e  d i r e c t l y  above t h e  under- 
ground p o s i t i o n .  The t rapped  miner has  a  
method of p u l s i n g  h i s  t r a n s m i t t e r  o f f  and 
on,  such t h a t  a  coded message may be s e n t  
t o  t h e  s u r f a c e .  A high-power t r a n s m i t t e r  
a t t a c h e d  t o  t h e  s u r f a c e  loop  may a l s o  be 
u t i l i z e d  t o  e s t a b l i s h  down-link v o i c e  
communications w i t h  t h e  underground 
l o c a t i o n .  

2.3.4 Radio Pagers  

Radio pagers  a r e  u s u a l l y  s m a l l  FM 
r a d i o  r e c e i v e r s .  The s i m p l e s t  type  of 
r a d i o  pager  i s  a  one-way s i g n a l  d e t e c t o r  
o r  "beeper." These d e v i c e s  emit  an  audi-  
b l e  t o n e  and /or  b l i n k  a  s m a l l  l i g h t  on 
and o f f .  The miner must t h e n  go t o  t h e  
n e a r e s t  phone t o  r e c e i v e  t h e  message. 

Another t y p e  of r a d i o  pager  i s  a  
one-way v o i c e  pager.  These d e v i c e s  a r e  
s i m i l a r  t o  t h e  s imple  beeper-type pagers  
e x c e p t  t h a t  t h e  c a l l e r  can d e l i v e r  a  
s h o r t  v e r b a l  message t o  t h e  person being 
paged. A common t y p e  of one-way v o i c e  
pager  sounds a  t o n e  t o  a l e r t  t h e  miner 
t h a t  a  message w i l l  f o l l o w ,  and t h e n  
b r o a d c a s t s  t h e  v e r b a l  message. A d i sad-  
van tage  of t h e s e  pagers  i s  t h a t ,  a l though  
i t  i s  p o s s i b l e  t o  t r a n s m i t  i n s t r u c t i o n s ,  
such  a s  " t u r n  o f f  t h e  power t o  number 4  
l e f t , "  i t  i s  n o t  p o s s i b l e  f o r  t h e  c a l l e r  
t o  know f o r  s u r e  t h a t  t h e  i n s t r u c t i o n  was 
even r e c e i v e d ,  l e t  a lone  c a r r i e d  ou t .  
For t h i s  r eason ,  one-way v o i c e  pagers  
shou ld  n o t  be used t o  i n s t r u c t  pe rsonne l  
t o  perform s p e c i f i c  t a s k s  t h a t  may a f f e c t  
s a f e t y .  

Some one-way v o i c e ,  and even beeper ,  
pager  systems a l low t h e  c a l l e r  t o  s e l e c -  
t i v e l y  page a  s p e c i f i c  s e c t i o n  o r  an  
i n d i v i d u a l  miner. The h e a r t  of t h e s e  
systems i s  a n  encoder ,  which t r a n s l a t e s  
t h e  number of each  pocket pager  t o  a  spe- 
c i f i c  f requency o r  code t h a t  a c t i v a t e s  
only  t h e  d e s i g n a t e d  pager.  

2.4 C a r r i e r  Cur ren t  Systems 

Any underground w i r e  o r  c a b l e ,  when 
f e d  a n  RF s i g n a l ,  t ends  t o  d i s t r i b u t e  
t h a t  s i g n a l  throughout  i t s  l e n g t h .  Car- 
r i e r  c u r r e n t  systems u t i l i z e  t h i s  f a c t  t o  
e s t a b l i s h  communication p a t h s  u s i n g  
e x i s t i n g  mine wi r ing .  The w i r e  used may 
be a c  o r  dc  power l i n e s ,  n e u t r a l  l i n e s  
such  a s  t h e  h o i s t  rope,  e x i s t i n g  phone 
l i n e s ,  o r  o t h e r  wi r ing .  

C a r r i e r  c u r r e n t  d e v i c e s  a r e  bas ic -  
a l l y  FM r a d i o  t r a n s c e i v e r s  t h a t  t r a n s m i t  



and r ece ive  over  e x i s t i n g  mine w i r ing  
i n s t e a d  of u s ing  an  antenna system. The 
LF (low-f requency) and MF (medium- 
frequency)  KP ranges propagate bes t  i n  
c a r r i e r  c u r r e n t  systems. A common exam- 
p l e  of a  c a r r i e r  c u r r e n t  system i s  t h e  
t r o l l e y  c a r r i e r  phone systems p re sen t ly  
used i n  many mines u s ing  t r o l l e y  o r  r a i l  
haulage. Another example i s  t h e  s h a f t  
communication systems t h a t  u t i l i z e  t h e  
h o i s t  rope i t s e l f  t o  e s t a b l i s h  communica- 
t i o n s  t o  and from t h e  cage. The most 
modern system, based on MF, promises t o  
be t h e  most e f f e c t i v e  of a l l .  

2.4.1 Tro l l ey  C a r r i e r  Phone 

A s i m p l i f i e d  block diagram of a  
t y p i c a l  t r o l l e y  c a r r i e r  phone is  shown i n  
f i g u r e  2-23. As  mentioned e a r l i e r ,  t h e  
b a s i c  elements of any c a r r i e r  cur- 
r e n t  phone a r e  t h e  FM rece ive r  and 
t r a n s m i t t e r .  

I n  a  t r o l l e y  c a r r i e r  cu r r en t  phone 
system, t h e  r e c e i v e r  and t r a n s m i t t e r  a r e  
connected t o  t h e  t r o l l e y  w i r e  through a  
coupler  capac i to r ,  The coupler  c a p a c i t o r  
a c t s  a s  a  s h o r t  c i r c u i t  a t  t h e  frequency 
of t h e  FM vo ice  s i g n a l s ,  but a s  an open 
c i r c u i t  t o  t h e  t r o l l e y  wi re  dc power 
vo l tage .  The high vo l t age  l e v e l s  on t h e  
t r o l l e y  w i r e  a r e  t hus  blocked from en te r -  
i n g  t h e  r e c e i v e r  and t r a n s m i t t e r  s e c t i o n s  
of  t h e  c a r r i e r  phone, while  t h e  FM vo ice  
s i g n a l s  pass  f r e e l y  through t h e  coupler  
capac i to r .  

MICROPHONE WITH 
PUSH-TO-TALK 
SWITCH 

FIGURE 2-23. - Trolley carrier phone, block 
diagram. 
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The FM t r a n s c e i v e r  shown i n  
f i g u r e  2-23 con ta in s  a  power supply t h a t  
conve r t s  t r o l l e y  wi re  high vol tage  down 
t o  low vo l t age  l e v e l s  t o  provide power t o  
t h e  c a r r i e r  phone c i r c u i t s .  The power 
supply may a l s o  con ta in  a  b a t t e r y  f o r  
backup power i n  case  power on t h e  t r o l l e y  
w i r e  i s  l o s t .  Such a  system ope ra t e s  
i n  t h e  push-to-talk,  r e l ea se - to - l i s t en  
mode. 

2.4.2 Hoist  Rope Radio 

F igure  2-24 shows a block diagram of 
a  h o i s t  rope c a r r i e r  c u r r e n t  system. The 
system c o n s i s t s  of two s i g n a l  coup le r s  
and two t r ansce ive r s .  Each u n i t  is  

COUPLER C&BLI <.,UPLEPl 

FIGURE 2-24. - Hoist radio hardware. 

of t he  push-to-talk, r e l ea se - to - l i s t en  
design. During t ransmiss ion ,  t h e  sending 
u n i t  f eeds  i t s  coupler  wi th  a  frequency- 
modulated (FM) c a r r i e r .  The coupler  
induces a  s i g n a l  i n  t h e  h o i s t  rope, which 
i s  then  picked up by t h e  coupler  of t h e  
second un i t .  Both couplers  a r e  e l ec -  
t r i c a l l y  i d e n t i c a l ,  and each ope ra t e s  
both a s  a  t r ansmi t t i ng  and a s  a  r ece iv ing  
element. Operation of t h e  h o i s t  r a d i o  i s  
t h e  same a s  f o r  a  t r o l l e y  c a r r i e r  phone, 
except  t h a t  t h e  h o i s t  r ad io  s i g n a l  i s  
induc t ive ly  coupled t o  t h e  propagat ion 
medium ( h o i s t  rope). Some h o i s t  phones 



a r e  simply modified t r o l l e y  c a r r i e r  
phones. Other h o i s t  phone systems have 
been s p e c i f i c a l l y  designed f o r  ope ra t i on  
i n  a v e r t i c a l  s h a f t  and u sua l l y  provide 
b e t t e r  coverage. 

The t r a n s c e i v e r s  of t h e  h o i s t  room 
and cage a r e  i d e n t i c a l ,  except  f o r  t h e  
b a t t e r y  r equ i r ed  i n  t h e  cage. The h o i s t  
room power supply provides  t h e  power f o r  
t h e  s u r f a c e  equipment. Sur face  equipment 
a l s o  may inc lude  a boom-type microphone 
and a f oot-actuated push-to-talk swi tch  
t o  f a c i l i t a t e  hands-free opera t ion .  

2.4.3 Medium Frequency (MF) Radio 

Although r a d i o  t r ansmis s ion  on 
t h e  s u r f a c e  of t h e  e a r t h  i s  w e l l  under- 
s t ood ,  t r ansmis s ion  i n  an  underground 
environment gene ra l l y  is  not.  Complex 
i n t e r a c t i o n s  occur  between t h e  r a d i o  wave 
and t h e  environment. C h a r a c t e r i s t i c s  of 
t h e  geology ( s t r a t i f i e d  l a y e r i n g ,  bound- 
a r y  e f f e c t s ,  conduc t iv i t y ,  e t c . )  and t h e  
mine complex ( e n t r y  dimension, conduc- 
t o r s ,  e l ec t romagne t i c  i n t e r f e r e n c e s ,  
e t c . )  had t o  be measured and understood 
be fo re  a p r a c t i c a l  mine r a d i o  system 
could be b u i l t .  To t h i s  end, consider-  
a b l e  r e sea rch  has  been d i r e c t e d .  

I n  a confined a r e a  such a s  a mine, 
r a d i o  waves can propagate  u s e f u l  d i s -  
t a n c e s  only i f  t h e  environment has t h e  
necessary  e l e c t r i c a l  and p h y s i c a l  proper-  
t i e s .  The "environment" t a k e s  i n t o  
account  t h e  n a t u r a l  geology and manmade 
p e r t u r b a t i o n s  such a s  t h e  mine complex 
i t s e l f .  As  an  example, i f  t h e  wavelength 
( A )  of a r a d i o  wave i s  sma l l  compared 
w i t h  t h e  e n t r y  dimensions,  a waveguide 
mode of p ropaga t ion  i s  pos s ib l e .  Attenu- 
a t i o n  depends p r imar i l y  upon t h e  p h y s i c a l  
p r o p e r t i e s  of t h e  e n t r y  such a s  c ross -  
s e c t i o n a l  a r ea ,  w a l l  roughness,  e n t r y  
t i l t s ,  and o b s t a c l e s  i n  t h e  propaga t ion  
path.  Secondary e f f e c t s  such a s  t h e  
d i e l e c t r i c  cons t an t s  and e a r t h  conduc- 
t i v i t y  a l s o  i n f l uence  a t t e n u a t i o n .  

Mine r a d i o  systems based upon t h i s  
e f f e c t  a r e  a v a i l a b l e  commercially. These 
a r e  UHF systems ope ra t i ng  around 450 MHz 
which provide u s e f u l  but  l i m i t e d  cover- 
age. I n  high c o a l  (6.5 f e e t ) ,  l i n e -  
o f - s igh t  ranges  of 1,000 f e e t  a r e  o f t e n  
pos s ib l e .  Range i s  reduced s eve re ly  i n  
non-line-of - s i gh t ,  such a s  when going 
around a c o a l  p i l l a r .  I n  lower coa l ,  o r  
when o b s t a c l e s  e x i s t  i n  t h e  propagat ion 
pa th ,  range i s  reduced even more. For 
t h i s  reason,  convent iona l  UHF r a d i o  sys -  
tems r e q u i r e  an  ex t ens ive  network of 
l eaky  f e e d e r  t ransmiss ion  cab l e s  and 
r e p e a t e r s  t o  become use fu l .  Even so ,  
range from t h e  cab l e  i s  no t  u s u a l l y  i n  
excess  of 30 t o  50 f e e t ,  and equipment 
c o s t  i s  very high. C lea r ly  another  
approach is  d e s i r a b l e .  

An important  c o n t r i b u t i o n  t o  under- 
ground r a d i o  communications was made by 
t h e  Chamber of Mines of South Afr ica .  As 
e a r l y  a s  1948, programs were i n  p l ace  t o  
develop r a d i o  systems f o r  deep mines, 
p r imar i l y  gold mines. The r e s u l t  was 
t h a t  by 1973, an advanced 1-watt s i n g l e  
s ideband (SSB) p o r t a b l e  r a d i o  system had 
been developed t h a t  apparen t ly  worked 
w e l l .  The Bureau of Mines procured sev- 
e r a l  of t h e s e  u n i t s  f o r  eva lua t ion .  Per- 
f ormance i n  U.S. c o a l  mines was no t  s a t -  
i s f a c t o r y .  There were s e v e r a l  reasons 
f o r  t h i s .  F i r s t ,  U.S. mines a r e  h igh ly  
e l e c t r i f i e d ,  producing cons ide rab l e  e l e c -  
t romagnet ic  i n t e r f e r e n c e  (EMI) no t  nor- 
mally found i n  t h e  South Afr ican  mines, 
which completely d e s e n s i t i z e d  SSB r ad io s .  
Second, 1 wa t t  was not  enough power. 
U.S. mines a r e  mostly room and p i l l a r ,  
which means t h a t  any r a d i o  system would 
have t o  have reasonable  range from l o c a l  
conductors.  Third,  geo log i ca l  e l e c t r i c a l  
parameters  were l e s s  f avo rab l e  i n  t h e  
United S t a t e s .  For t h e s e  reasons,  t h e  
South Af r i can  system was no t  accep tab le .  

The Bureau's approach was t o  f i r s t  
determine t h e  a c t u a l  propagat ion charac- 
t e r i s t i c s  of MF i n  U.S. mines, and then  



t o  r e l a t e  t h e  propagat ion t o  t he  under- 
ground environment such a s  t h e  geology, 
e n t r y  s i z e ,  e x i s t i n g  conductors ,  and EMI. 
Seve ra l  exhaus t ive  in-mine measurement 
and a n a l y s i s  programs were conducted. 
These programs formed t h e  foundat ion f o r  
t h e  f i r s t  t r u e  understanding of how MF 
propagates  i n  a s t r a t i f i e d  medium of var- 
i o u s  e l e c t r i c a l  parameters ,  which a r e  
o f t e n  i n t e r l a c e d  by manmade conducting 
s t r u c t u r e s  ( r a i l s  and power l i n e s )  and 
a r t i f i c i a l  voids  (entryways).  

F igure  2-25 is  a s i m p l i f i e d  geometry 
of an in-mine s i t e  t h a t  i l l u s t r a t e s  one 
of  t h e  most important  f ind ings  of t h e  
measurement program, t h e  "coa l  seam 
mode." For t h i s  mode t o  e x i s t ,  t h e  c o a l  
seam conduc t iv i t y  (a,) must be s e v e r a l  
o r d e r s  of magnitude less than t h a t  of t h e  
rock a .  A loop antenna t h a t  i s  a t  
l e a s t  p a r t i a l l y  v e r t i c a l l y  o r i en t ed  pro- 
duces a v e r t i c a l  e l e c t r i c  f i e l d  (E,) and 
a h o r i z o n t a l  magnetic f i e l d  (H9). In  t h e  
rock,  t h e  f i e l d s  diminish exponent ia l ly  
i n  t h e  Z-direction. I n  t h e  coa l  seam, 
t h e  f i e l d s  d imin ish  exponent ia l ly  a t  a 
r a t e  determined by t h e  a t t e n u a t i o n  con- 
s t a n t  (a), which i n  t u r n  depends upon t h e  
e l e c t r i c a l  p r o p e r t i e s  of t h e  coal .  An 
i n v e r s e  square-root  f a c t o r  a l s o  e x i s t s  
because of spreading.  The e f f e c t  is t h a t  
t h e  wave propagates  between the  h igh ly  
conduct ing rock l a y e r s  bounding t h e  lower 
conduc t iv i t y  c o a l  seam. The f a c t  t h a t  
t h e  c o a l  may have e n t r i e s  and c r o s s c u t s  
i s  of minor consequence. 

I n  t h e  presence of conductors ,  t h e  
p i c t u r e  changes considerably.  I n  t h i s  
case, t h e  e f f e c t s  of t h e s e  conductors can 
t o t a l l y  dominate t he  e f f e c t s  of t h e  ge- 
ology. I n  gene ra l ,  t h e  presence of con- 
d u c t o r s  ( r a i l s ,  t r o l l e y  l i n e s ,  water 
p i p e s ,  a i r  l i n e s ,  phone l i n e s )  is  always 
of advantage. 

MF can couple i n t o ,  and r e r a d i a t e  
from, cont inuous conductors i n  such a way 
t h a t  t h e s e  conductors become no t  only t h e  
t r ansmis s ion  l i n e s ,  but  a l s o  t h e  antenna 
system, f o r  t h e  s i g n a l s .  The most favor- 
a b l e  frequency depends t o  some ex t en t  on 
t h e  r e l a t i o n s h i p  between t h e  geology and 
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FIGURE 2-25. - The coal seam mode. 

Local mine wiring *---- + 
L,-,, station 

T/fl or fe T/f, or f, 

Vehicular 
transceiver transceiver 

FIGURE 2-26. - Global repeater concept. 

e x i s t i n g  conductors.  The frequency 
e f f e c t s  a r e  q u i t e  broad. Anything from 
400 kHz t o  800 kHz w i l l  u sua l ly  be 
adequate. 

The MF system descr ibed  here  is 
based upon veh icu l a r  and personnel  
t r a n s c e i v e r  u n i t s ,  base s t a t i o n s ,  and 
r epea t e r s .  It a p p l i e s  p r i o r  fundamental 
r e sea rch  i n  t h e  a r e a  of MF and u t i l i z e s  
t h e  e x i s t i n g  mine wir ing network (power 
cab l e s ,  t r o l l e y  l i n e ,  e t c . )  t o  achieve 
whole-mine coverage. The b a s i c  system 
conf igu ra t i on  is  shown i n  f i g u r e s  2-26 
and 2-27. 

Figure 2-26 i l l u s t r a t e s  a minewide 
repeater-base s t a t i o n  concept known a s  
t h e  g loba l  maintenance net .  I n  t h i s  con- 
f i g u r a t i o n ,  mobile u n i t s  (persons us ing  
t r a n s c e i v e r  v e s t s  and/or veh i cu l a r  t r ans -  
c e i v e r s )  can maintain l o c a l  communica- 
t i o n s  by opera t ing  a t  frequency f l .  The 
range of communications i n  t h i s  case is  
s o l e l y  dependent on point-to-point r a d i o  



propagat ion,  a ided  by p a r a s i t i c  coupling. 
A t ransmiss ion  on f p  causes r epea t e r  
a c t i o n  t o  occur ,  permi t t ing  the  two mo- 
b i l e  u n i t s  t o  be separa ted  very l a r g e  
d i s t ances .  To achieve t h i s  r epea t e r  
a c t i o n ,  it is only necessary f o r  t h e  
t r a n s m i t t i n g  u n i t  t o  reach  the  r e p e a t e r ,  
e i t h e r  d i r e c t l y  o r  by p a r a s i t i c  e f f e c t s  
t o  t h e  r e p e a t e r  l i n e  coupler.  C o m n i c a -  
t i o n s  wi th  a base s t a t i o n  a r e  a l s o  
poss ib le .  

F igure  2-27 i l l u s t r a t e s  a l o c a l  
r e p e a t e r  concept c o n s t i t u t i n g  a l o c a l  
c e l l u l a r  net .  This  l o c a l  r epea t e r  is  
known a s  a " c e l l u l a r  r epea t e r "  because i t  
i l l u m i n a t e s  a " c e l l "  o r  a r e a  of t h e  mine, 
such as a working s e c t i o n ,  only. The 
antenna f o r  t h e  c e l l u l a r  r epea t e r  is a 
dua l  wi re  loop a t t ached  t o  t imbers o r  
t h e  r i b .  An i n t e r f a c e  t o  t h e  mine t e l e -  
phone system permits  communications "off 
sec t ion .  " 

The system des ign  is d i s t r i b u t e d  i n  
t h e  sense t h a t  each n e t  can be opera ted  
independent ly of t h e  o ther .  I n  p r a c t i c e ,  
a n e t  can be e a s i l y  i n s t a l l e d  by coupling 
a base s t a t i o n  ( a t  t h e  p o r t a l )  t o  e lec-  
t r i c a l  conductors i n  t h e  wire  p l a n t  
(phone l i n e s ,  power l i n e s ,  e tc . ) .  Mobile 
t r a n s c e i v e r s  ope ra t ing  on t h e  assigned 
n e t  frequency communicate wi th  each o t h e r  
and t h e  base. Other n e t s  use d i f f e r e n t  
f requencies  and a r e  i n s t a l l e d  i n  t h e  same 
way. 

Two types of mobile t r a n s c e i v e r s  
have been developed f o r  t h e  system. 
These t r a n s c e i v e r s  c o n s i s t  of v e s t  u n i t s  
f o r  i nd iv idua l s  and veh icu la r  u n i t s  f o r  
r o l l i n g  s tock.  Funct iona l ly  t h e  two a r e  
equ iva l en t ,  d i f f e r i n g  only i n  power lev- 
els and phys i ca l  conf igura t ion .  These 
t r a n s c e i v e r s  a r e  shown i n  f i g u r e s  2-28 
and 2-29. 

An important human f a c t o r  problem 
w a s  solved by t h e  v e s t  design. By plac- 
i n g  t h e  r a d i o  c i r c u i t  modules i n  pockets 
on t h e  v e s t ,  t h e  weight and bulk of t h e  
t r a n s c e i v e r  have been evenly d i s t r i b u t e d .  
The loop antenna is sewn i n t o  t h e  back of 
t h e  ves t .  The pockets  a r e  l oca t ed  where 
medical records show l e s s  frequency of 
i n j u r y .  Sound is d i r e c t e d  toward the  
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FIGURE 2-27. - C e l l u l a r  repeater concept.  

FIGURE 2-28. - V e s t  t ransce iver .  



FIGURE 2-29. - Vehicular transceiver, 

e a r s  from epau le t  speakers.  A hinged 
c o n t r o l  head i s  convenient ly loca ted  on 
t h e  f ron t .  The des ign  al lows t h e  miners 
t o  maneuver i n  t i g h t  q u a r t e r s  and perform 
normal mining t a s k s  without  ca tch ing  t h e  
r a d i o  on obs t ruc t ions .  

The veh icu la r  u n i t  can be conveni- 
e n t l y  placed on any mine vehicle .  It is 
used i n  conjunct ion wi th  a s p e c i a l  loop 
antenna of advanced des ign  t h a t  produces 
h igh  magnetic moment. Mechanically, t h e  
antenna i s  enclosed i n  high s t r e n g t h  
l exan  and i s  a t t ached  t o  t h e  veh ic l e  v i a  
s p e c i a l  brackets .  The lexan w i l l  no t  
break  even i f  severe ly  f lexed  by impact. 

Besides t h e  mobile t r a n s c e i v e r s  d i s -  
cussed above, t h e  system a l s o  c o n s i s t s  
of f ixed  t r a n s c e i v e r s  such as r e p e a t e r s  

and base s t a t i o n s .  (See f i g u r e s  2-26 and 
2-27.) For proper system ope ra t ion  it 
i s  necessary t h a t  t hese  f ixed  t r ans -  
c e i v e r s  have very e f f i c i e n t  antennas so  
t h a t  t he  l o c a l  wire p l an t  can be prop- 
e r l y  i l luminated  and s i g n a l s  on t h e  wire  
p l a n t  a r e  properly received.  This 
e f f i c i e n c y  is paramount f o r  whole-mine 
coverage. 

The c e l l u l a r  r e p e a t e r s  use  dual-loop 
antennas ( f o r  t ransmi t  and r ece ive r )  
a t t ached  t o  t h e  r i b  o r  pos ts  i n  such a 
way t h a t  t h e r e  is l i t t l e  danger of damage 
i n  normal mine a c t i v i t i e s .  The t r ans -  
m i t  antenna produces a l a r g e  magnetic 
moment t h a t  provides t he  s i g n a l  f o r  l o c a l  
c e l l u l a r  coverage, which is  usua l ly  aided 
by p a r a s i t i c  coupling and r e r a d i a t i o n  
e f f e c t s .  The rece ive  antenna is  s imi l a r .  



The g l o b a l  r e p e a t e r  and b a s e  s t a t i o n  
u s e  a  newly designed KF l i n e  c o u p l e r  ( s e e  
f i g .  2-30) t h a t  p e r m i t s  very e f f i c i e n t  
coup l ing  t o  t h e  mine w i r e  p l a n t .  L ike  a  
c u r r e n t  p robe ,  t h e  c o u p l e r  can  be e a s i l y  
clamped around l o c a l  conductors .  MI? 
s i g n a l  c u r r e n t  f lowing  through t h e  
w i r e  p l a n t  conduc tors  produces  a  c o u p l e r  
o u t p u t  s i g n a l  (Vo),  which i s  a p p l i e d  
t o  t h e  i n p u t  of t h e  base  s t a t i o n  o r  
r e p e a t e r .  

The base  s t a t i o n  i s  i n t e n d e d  t o  be 
p l a c e d  where mine management f i n d s  i t  
most advantageous ,  u s u a l l y  i n  t h e  s u r f a c e  
o f f i c e  complex o r  w i t h  t h e  d i s p a t c h e r .  
I f  d e s i r e d ,  t h e  base  s t a t i o n  can be 
c o n t r o l l e d  remotely  v i a  s i g n a l  l i n e s  t h a t  
a l l o w  t h e  c o n t r o l  c o n s o l e  t o  be p l a c e d  i n  
a  s u r f a c e  b u i l d i n g  f o r  convenience,  w h i l e  
t h e  a c t u a l  b a s e  t r a n s c e i v e r  i s  placed i n  
t h e  mine where i t  can more e f f i c i e n t l y  
coup le  i n t o  t h e  l o c a l  wi r ing .  Both t h e  
g l o b a l  r e p e a t e r  and t h e  base  s t a t i o n  u t i -  
l i z e  t h e  RF l i n e  coup le r  f o r  maxi- 
mum e f f i c i e n c y .  The c e l l u l a r  r e p e a t e r  
i s  g e n e r a l l y  l o c a t e d  i n  a  working sec-  
t i o n .  It e n a b l e s  t h e  v e s t  t o  o p e r a t e  a s  
a  mobile pager  t e lephone  by s w i t c h i n g  
v o i c e  s i g n a l s  between t h e  l o c a l  pager  
t e lephone  network and t h e  v e s t .  Vehic- 
u l a r  r a d i o s  can a l s o  o p e r a t e  i n  t h i s  
mode. 

The system was developed around a n  
i n t e r c h a n g e a b l e  s e t  of p lug- in  r a d i o  c i r -  
c u i t  modules. The same r e c e i v e r ,  synthe-  
s i z e r ,  and t r a n s m i t t e r  modules a r e  used  
i n  t h e  v e h i c u l a r  t r a n s c e i v e r ,  b a s e  s t a -  
t i o n ,  and r e p e a t e r s .  S e r v i c i n g  t h e  
equipment only  r e q u i r e s  t r o u b l e s h o o t i n g  
t o  t h e  board l e v e l .  S ince  t h e  equipment 
u s e s  t h e  same r a d i o  c i r c u i t  modules, t h e  
performance s p e c i f i c a t i o n s  of a l l  t r a n s -  
c e i v e r s  a r e  s i m i l a r .  The s i g n a l i n g  used  
depends upon t h e  s p e c i f i c  network re-  
quirements .  A l l  r e c e i v e r s  a r e  des igned  
w i t h  a n  a d a p t i v e  noise-operated s q u e l c h  
network t h a t  a l l o w s  every t r a n s c e i v e r  on 
t h e  n e t  t o  h e a r  t h e  same message ( p a r t y  
l i n e ) .  

The t r a n s m i t t e r s  a r e  des igned w i t h  
bo th  s u b a u d i b l e  (100 Hz) and i n -  
band (1 ,000 Hz) tone  o s c i l l a t o r s .  A 
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FIGURE 2-30. - R F  line coupler for base sta- 
t  ions and repeaters. 

s u b a u d i b l e  t o n e  i s  used i n  t h e  v e s t  
t r a n s c e i v e r  t o  cause  t h e  c e l l u l a r  
r e p e a t e r  t o  s w i t c h  t h e  message (page)  t o  
t h e  pager  t e lephone  network. The re- 
p e a t e r  i n c l u d e s  bo th  a  noise-operated 
s q u e l c h  and a  s u b a u d i b l e  t o n e  s q u e l c h  f o r  
u s e  i n  t e lephone  swi tch ing .  Subaudible  
t o n e  s i g n a l i n g  i s  u s e f u l  i n  i d e n t i f y i n g  
"s tuck  on" t r a n s m i t t e r s  t h a t  can block 
t h e  communications n e t .  In-band s i g n a l -  
i n g  i s  u s e f u l  i n  emergency s i t u a t i o n s .  

2.5 Hybrid Systems 

Each of t h e  communications systems 
a l r e a d y  d i s c u s s e d  has  some i n d i v i d u a l  
shor tcomings .  However, one sys tem may 
complement a n o t h e r  system t o  a l l e v i a t e  
c e r t a i n  problem a r e a s .  A hybr id  i s  an 
i n t e r c o n n e c t i o n  of two o r  more sub- 
sys tems ,  t a k i n g  advantage of t h e  b e n e f i t s  
of each. 

2.5.1 Improvements i n  System V e r s a t i l i t y  

A s  mines have grown and mining tech-  
nology h a s  improved, needs have a r i s e n  
f o r  new and improved communication capa- 
b i l i t i e s  t h a t  cannot  adequa te ly  be pro- 
v ided  by t h e  t r a d i t i o n a l  mine pager-type 
phones o r  t r o l l e y  w i r e  c a r r i e r  phones. 
These needs i n c l u d e  t h e  fo l lowing :  

1. A b i l i t y  t o  communicate when t h e  
phone l i n e  o r  t h e  t r o l l e y  w i r e  breaks .  

2. A b i l i t y  t o  communicate w i t h  
pe rsonne l  n o t  i n  t h e  v i c i n i t y  of a  
t e lephone .  



3. A b i l i t y  t o  communicate over  p r i -  
v a t e  channe l s .  

4. A b i l i t y  t o  d e l i v e r  impor tan t  
messages d u r i n g  p e r i o d s  of heavy communi- 
c a t i o n s  t r a f f i c  d u r i n g  emergencies.  

5. A b i l i t y  t o  communicate w i t h  s u r -  
f a c e  p u b l i c  phones. 

The f o l l o w i n g  t echn iques  a r e  capab le  
of s a t i s f y i n g  t h e  f o r e g o i n g  needs u s i n g  
h y b r i d  systems : 

1. Underground phones w i t h  manual 
t r u n k i n g  o r  a u t o m a t i c  s w i t c h i n g  can pro- 
v i d e  p r ivacy  and a n  i n t e r c o n n e c t i o n  t o  
t h e  p u b l i c  t e lephone  system on t h e  s u r -  
f  ace.  Also,  a  l a r g e r  number of simul- 
t aneous communications can t a k e  p l a c e  
w i t h  m u l t i p a i r  o r  mul t ip lexed  phone 
systems.  

2. Low-f requency r a d i o  o f f e r s  a  
means of paging and communicating 
d i r e c t l y  u s i n g  t h e  mine s t r u c t u r e  w i t h i n  
a  working s e c t i o n ,  and through t h e  mine 
overburden i n  t imes  of emergency. 

3. Medium-frequency r a d i o  can be 
used w i t h  power c a b l e s ,  t r o l l e y  w i r e s ,  
and roof b o l t s  t o  p rov ide  haulageway and 
s e c t i o n  paging throughout  t h e  mine t o  key 
mining p e r s o n n e l  c a r r y i n g  pocket pagers .  

4. Very-high-frequency r a d i o  can be 
used  w i t h  l e a k y  f e e d e r  c a b l e  o r  c o a x i a l  
c a b l e  and a n t e n n a s ,  a s  a  t echn ique  f o r  
g u i d i n g  r a d i o  waves throughout  t h e  mine 
haulageways and e n t r i e s .  This  t echn ique  
c a n  be used t o  p rov ide  whole-mine com- 
munica t ions  w i t h  hand-held r a d i o s  c a r r i e d  
by key mining personne l .  

5. U l  t ra-high-f requency r a d i o  can 
p r o v i d e  w i r e l e s s  communication between 
key r o v i n g  miners  c a r r y i n g  r a d i o s  w i t h i n  
a  working s e c t i o n ,  wi thou t  t h e  a i d  of 
a d d i t i o n a l  wi r ing .  

2.5.2 D i a l  Phone-Pager Phone Systems 

I n t e r c o n n e c t  d e v i c e s  a r e  a v i l a b l e  
t h a t  permit  mine paging t e lephones  t o  be 

i n t e r c o n n e c t e d  w i t h  t h e  p u b l i c  phone 
system on a  s e l e c t i v e  o r  temporary b a s i s .  
The i n t e n t  of t h e s e  systems i s  t o  p rov ide  
g r e a t e r  emergency communication c a p a b i l -  
i t y  d u r i n g  off -hours .  These systems 
enab le  a  person a t  a  mine pager  phone 
t o  g a i n  a c c e s s  t o  t h e  p u b l i c  phone 
system,  o r  permit  a c c e s s  t o  t h e  mine 
page o r  phone system from any p u b l i c  
phone. 

F igure  2-31 shows one system i n  
which t h e  i n t e r c o n n e c t  between p u b l i c  
phone and mine phone i s  made automat- 
i c a l l y .  I n  t h i s  t y p e  of system s m a l l  
hand-held tone-genera to rs  a r e  r e q u i r e d  t o  
a c t i v a t e  t h e  au tomat ic  i n t e r c o n n e c t  a t  
t h e  mine o f f i c e .  

I f  a p e r s o n  i n t h e  mine w a n t s t o  
r e a c h  a  p rea r ranged  p u b l i c  t e lephone  from 
h i s  mine phone, he sends  a  tone  v i a  t h e  
t o n e  g e n e r a t o r  and mine phone t o  a  t e l e -  
phone i n t e r c o n n e c t  u n i t  of t h e  s u r f a c e .  
A t  t h i s  s u r f a c e  i n t e r c o n n e c t ,  t h e  t o n e  i s  
d e t e c t e d  and a c t i v a t e s  a  r e l a y  which, i n  
t u r n ,  a u t o m a t i c a l l y  d i a l s  t h e  p r e s e t  t e l -  
ephone number. 

!,=, ,?FTq) 
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FIGURE 2-31. - D i a l    hone to  pager   hone 
hybrid. 



When a person c a l l s  t h e  "auto 
answer" te lephone number from a p u b l i c  
phone, t h e  i n t e r connec t  u n i t  automat- 
i c a l l y  answers t h e  phone, and upon recep- 
t i o n  of t he  audio tone from t h e  o u t s i d e  
p a r t y ,  connects t h e  incoming c a l l  
d i r e c t l y  t o  t h e  mine pager phone l i n e ,  
thereby enabl ing  t h e  c a l l i n g  person t o  
page and t a l k  t o  t h e  d e s i r e d  person i n  
t h e  mine. 

Systems a l s o  e x i s t  where t h e  i n t e r -  
connect ion between t h e  mine phone system 
and t h e  pub l i c  te lephone system i s  made 
manually,  such a s  by a person on t h e  
s u r f  ace. 

2.6 Other Systems 

2.6.1 Seismic Systems 

A seismic system can be used f o r  
t rapped  miner l oca t ion .  I f  a miner 
s t r i k e s  a roof b o l t ,  f l o o r ,  o r  r i b  of t h e  
mine wi th  a heavy o b j e c t ,  t h e  v i b r a t i o n s  
t r a v e l  through t h e  e a r t h  t o  t h e  s u r f a c e  
and can be converted i n t o  e l e c t r i c  
s i g n a l s  by se i smic  t r ansduce r s  c a l l e d  
geophones. These s i g n a l s  can be ampli- 
f i e d ,  f i l t e r e d ,  and recorded. Because 
t h e  shock waves reach ind iv idua l  geo- 
phones a t  d i f f e r e n t  times, t h e  se i smic  
record ings  can be analyzed and t h e  loca-  
t i o n  of t h e  miner can be determined. 
Analysis  of se i smic  s i g n a l s  i s  a h igh ly  
s p e c i a l i z e d  f i e l d  and beyond t h e  scope of 
t h i s  manual. This method r e q u i r e s  t h e  
a s s i s t a n c e  of an i nd iv idua l  t r a i n e d  i n  
s e i smic  methods. However, t h e  seismic 
system is  t h e  only trapped-miner system 
p r e s e n t l y  i n  ope ra t i on  and accepted by 
MSHA. Every miner should have a s t i c k e r  
( f i g .  2-32) a f f i x e d  t o  t h e  i n s i d e  of h i s  
helmet t h a t  he can r e f e r  t o  i f  entrapment 
should ever  occur.  

2.6.2 Stench System 

Stench is  used p r imar i l y  a s  an  evac- 
u a t i o n  warning. It should be in t roduced  
i n t o  t h e  underground system a t  a s  many 
l o c a t i o n s  a s  pos s ib l e ,  wi th  t h e  i n t a k e  

( WHEN ESCAPE IS CUT OFF 1 
I .  BARRICADE fB@== 
2. LISTEN for 1-1-33-! -11111 

3 shots. then.. . 

3. SIGNAL by 
pounding hard 
10 times 

4. REST 15 minutes, 

I 
then REPEAT signal unt~ l . .  . 

5. YOU HEAR 5 shots, which 
means you are located 
and help is on the way. I 

F I G U R E  2-32. - MSHAsignal ing sticker. 

a i r  and t h e  compressed a i r  a s  p r i o r i t y .  
Wherever miners may be i n  t h e  mine, 
d r iven  a i r  i s  r equ i r ed  and eventua l ly  t h e  
d r iven  a i r  and s t ench  w i l l  a r r i v e  a t  
t h e i r  l oca t ion .  Stench may be any 
c l e a r l y  d i s t i n g u i s h a b l e  odor. 

The de lay  time i n  a s t ench  warning 
system is  one of i t s  most important 
drawbacks. Another very important  
nega t ive  po in t  i s  t h a t  s t ench  warning 
cannot inform t h e  miner what has  hap- 
pened, where it has  happened, o r  what he 
should do. Many times t h i s  type  of in-  
formation can be worse than  no informa- 
t i o n  a t  a l l .  

2.6.3 Hoist  Be l l  S igna l ing  

Much of t h e  communication between 
t h e  va r ious  l e v e l s  of a mine and t h e  
h o i s t  room c o n s i s t s  of h o i s t  b e l l  s i gna l -  
ing.  This  is a one-way communication 
system by which miners can reques t  a cage 
and/or  d e s i r e d  l e v e l .  

I n  t h e  h o i s t  room, t h e r e  i s  a power 
source  f o r  t h e  system and a buzzer. Each 
s h a f t  s t a t i o n  has  a buzzer and a p u l l  
b o t t l e .  The b o t t l e ,  when pu l l ed ,  c l o s e s  
a swi tch  t h a t  sounds t h e  buzzer i n  
t h e  h o i s t  room and a t  a l l  o t h e r  l e v e l s  
( f i g .  2-33). The number of t i m e s  t h e  
b o t t l e  is  pu l l ed  corresponds t o  a command 
code. 
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FIGURE 2-33. - Hois t  be l l  operation. 

2.6.4 Visual  Pagers 

One of t h e  most common type of mine 
communication devices  is  t h e  pager phone. 
However, with t h e s e  systems, many c a l l s  
a r e  l o s t  because t h e  phone is too  f a r  
from a working f ace  o r  t h e  page is  
n o t  heard owing t o  high ambient noise.  
Visua l  pager systems a r e  being developed 
t h a t  may even tua l ly  a l l e v i a t e  t h i s  
problem. 

The most common type  of v i s u a l  pager 
system c o n s i s t s  of s t r o b e  l i g h t s  l oca t ed  
a t  s t r a t e g i c  l o c a t i o n s  i n  t h e  mine. 
These l i g h t s  a r e  c o n t r o l l e d  by a  d i s -  
pa t che r  who can s e t  o r  r e s e t  them a s  
requi red .  They a r e  u sua l ly  used i n  con- 
j u n c t i o n  wi th  pager phones. Some modern 
mul t ichannel  phones have a  l i g h t  on t h e  
f a c e  of t h e  phone t h a t  provides  t h e  v i s -  
u a l  paging func t ion .  

2.7 Summary 

There a r e  t h r e e  b a s i c  types  of com- 
municat ion systems used i n  underground 
mines: wired phone systems, r a d i o  sys- 
tem, and c a r r i e r  c u r r e n t  systems. Wired 

phone systems inc lude  common d i a l  
t e lephones ,  pager phones, d ia l - type  pager 
phones, magneto phones, intercoms,  and 
sound-powered phones. These may be con- 
nec ted  i n  p a r t y  l i n e  fash ion  us ing  a  two- 
wi re  p a i r ,  o r  i n  s e l e c t i v e  c a l l i n g  
f a s h i o n  us ing  m l t i p a i r  o r  mul t ip lex  
techniques.  Wired phone systems may have 
no switchboard ( p a r t y  l i n e )  f o r  small  
systems,  a  manual switchboard, an auto- 
ma t i c  exchange, o r  a  more s o p h i s t i c a t e d  
computer-controlled switch. A major d i s -  
advantage of any wired phone system is  
t h a t  a  roof f a l l  could d i s r u p t  communica- 
t i o n s  between miners and the  sur face .  

Radio systems inc lude  a l l  w i r e l e s s  
communication systems. Coverage is l i m -  
i t e d  i n  r a d i o  systems because of poor 
propagat ion of r a d i o  waves underground. 
Voice frequency ranges can be used 
f o r  through-the-earth radio.  Ultra-high- 
frequency r ad io  can be used when i t  is  
combined wi th  leaky f eede r  cab l e s ,  anten- 
nas ,  and r epea t e r s  t o  extend coverage. 
Persona l  r a d i o  pagers can be used t o  sum- 
mon an i n d i v i d u a l  t o  a  wired phone. 

C a r r i e r  c u r r e n t  systems u t i l i z e  
e x i s t i n g  mine wi r ing  t o  propagate RF s ig-  
na l s .  An RF s i g n a l  from a c a r r i e r  phone 
is  induced onto a  cab le  and t r ansmi t t ed  
throughout t h e  l eng th  of t h a t  cable.  A 
t r a n s c e i v e r ,  i nduc t ive  o r  capac i t i ve  
coupled t o  t h e  c a r r i e r  cab l e ,  rece ives  
t h e  RF s i g n a l ,  s t r i p s  off  t he  c a r r i e r ,  
and l e t s  t h e  e lec t romagnet ic  voice s i g n a l  
a c t i v a t e  a  speaker  o r  earphone. 

Modern MF r a d i o  systems a r e  being 
developed t h a t  combine t h e  b e s t  f e a t u r e s  
of r a d i o  systems and c a r r i e r  c u r r e n t  sys- 
tems. In  t he se  systems, no phys i ca l  con- 
t a c t  t o  e x i s t i n g  mine wi r ing  i s  required.  

Since one system cannot u sua l ly  s a t -  
i s f y  a l l  t h e  communication requirements  
i n  a  mine, i n t e r f a c e s  have been developed 
t o  make hybrid systems. Hybrids (two o r  
more systems in te rconnec ted)  t ake  advan- 

- t a g e  of t h e  b e n e f i c i a l  q u a l i t i e s  of one 
system t o  a l l e v i a t e  t he  d e f i c i e n c i e s  of 
another  system. 
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CHAPTER 3.--SOLUTIONS TO THE COMMUNICATION REQUIREMENTS 

3.1 In t roduc t ion  

Three t ypes  of communication systems 
have become popular  i n  s o l v i n g  communica- 
t i o n  requirements  underground: Loud- 
speaking pager  phones, c a r r i e r  c u r r e n t  
phones, and magneto r i n g i n g  phones. 
B a s i c a l l y ,  a l l  t h r e e  a r e  simply s ing l e -  
channel  p a r t y  l i n e  systems. Although 
t h e s e  systems a r e  q u i t e  r e l i a b l e ,  t h e  
s i n g l e  channel  c r e a t e s  a v a r i e t y  of prob- 
lems. For example-- 

1. Since no c a l l  i s  c o n f i d e n t i a l ,  
messages a r e  sometimes purposely made 
vague, e s p e c i a l l y  i f  a c c i d e n t s  o r  s a f e t y  
t o p i c s  a r e  being d iscussed .  

2. A p o t e n t i a l  u s e r  must l i t e r a l l y  
"wai t  i n  l i n e "  u n t i l  t h e  channel becomes 
c l e a r  f o r  h i s  use ;  t h u s ,  when foremen 
have t o  wa i t  t o  c a l l  i n  r e p o r t s  o r  supply 
r e q u e s t s ,  t h i s  s i n g l e  chan-nel c r e a t e s  a 
s e r i o u s  p r o d u c t i v i t y  bo t t leneck .  

3. In  many l a r g e  mines,  t h e r e  a r e  
independent branch l i n e s  t h a t  must be 
t i e d  t oge the r  by a d i s p a t c h e r ,  adding 
f u r t h e r  de l ays  t o  t h e  system. 

To s o l v e  t h e s e  problems, some mines 
have i n s t a l l e d  o t h e r  phone systems-- 
mostly commercial d i a l  phones i n  indus- 
t r i a l  enc losu re s  t h a t  o f f e r  e x t r a  channel  
c a p a c i t y  and p r i v a t e  l i n e  f e a t u r e s  . 
Others  have i n s t a l l e d  a system t h a t  com- 
b i n e s  bo th  d i a l -  and page-phone f e a t u r e s  
i n  a s i n g l e  u n i t .  

Although t h e s e  do r e p r e s e n t  improve- 
ments,  they  do n o t  t r u l y  so lve  t h e  over- 
a l l  problems t h a t  f a c e  modern mines. 
Besides e x t r a  channels ,  a communica- 
t i o n  system should have t h e  fo l lowing  
f e a t u r e s  t o  enhance p r o d u c t i v i t y  and 
s a f e t y :  

1. A means of paging a roving miner 
t o  a l e r t  him t h a t  he i s  wanted on t h e  
phone. 

2. Wireless-to-wired system i n t e r -  
connects  by which a miner can t a l k  on t h e  

wired phone system by us ing  a remote 
p o r t a b l e  rad io .  

3. Remote monitors t h a t  a l e r t  per- 
sonne l  when t h e r e  i s  a t o x i c  o r  explos ive  
gas  bui ldup.  

4. Control  i n t e r f a c e s  t h a t  a l low 
remote c o n t r o l  of f a n s ,  pumps, o r  o t h e r  
devices .  

5. Transmi t te rs  and r e c e i v e r s  t h a t  
can  s e r v e  a s  emergency l i n k s .  

6. Loopback t h a t  a l lows an a l t e r -  
n a t e  p a t h  of communications i f  t h e  main 
pa th  i s  cu t .  

This chap te r  focuses  on equipment 
and methods t o  meet t h e  s p e c i a l  communi- 
c a t i o n  needs of i n d i v i d u a l s  i n  va r ious  
p l aces  of t h e  underground mine. The com- 
munication requirements can be broken 
down i n t o  f o u r  ca t ego r i e s :  

1. The mine en t r ance  ( s h a f t  
communication). 

2. Permanent and semipermanent lo- 
c a t i o n s  (shop a r e a s ,  lunchroom, c rusher  
s t a t i o n s ,  e t c .  ). 

3. Mining a r e a s  ( t h e  room-and- 
p i l l a r  s e c t i o n s ,  longwall  f a c e s ,  block 
caving a r e a s ,  e t c .  ) . 

4. Haulageways ( t r acked  t r o l l e y  
haulage,  d i e s e l ,  b e l t  haulage) .  

Methods of implementing systems t o  
meet t h e  communication needs of t he se  
a r e a s  a r e  descr ibed  i n  s e c t i o n s  3.2 
through 3.5. 

Sec t ion  3.6 d i s cus se s  methods of 
s a t i s f y i n g  s p e c i a l  communication requi re -  
ments t h a t  e x i s t .  Major t o p i c s  i n  t h i s  
ca tegory  i nc lude  communications wi th  rov- 
i n g  personnel ,  t h e  i s o l a t e d  miner,  and 
mo torman-to-snapper communications. 

Emergency communication sys  t e r n  a r e  
descr ibed  i n  s e c t i o n  3.7. Detec t ing  and 



l o c a t i n g  t h e  t r apped  miner ,  r e s c u e  team 
communications,  and emergency warning 
systems a r e  d i s c u s s e d .  

Although t h e  methods of e s t a b l i s h i n g  
communications throughout  a  mine a r e  
broken down and d e s c r i b e d  i n  s e p a r a t e  
s e c t i o n s ,  a s  o u t l i n e d  above,  i t  i s  impor- 
t a n t  t o  r e a l i z e  t h a t  t h e s e  systems should 
be  t i e d  t o g e t h e r  o r  i n t e r c o n n e c t e d  i n  
some way. The o v e r a l l  d e s i g n  p l a n  must 
i n c l u d e  p r o v i s i o n  f o r  i n t e g r a t i n g  t h e  
v a r i o u s  communication subsystems t o g e t h e r  
i n t o  a  minewide system. Such a  sys tem,  
des igned  wi th  t h e  t o t a l  mine o p e r a t i n g  
p l a n  i n  mind, w i l l  be t h e  most e f f e c t i v e .  
I n  a  l i k e  manner, a  j u d i c i o u s  cho ice  of 
moni tored paramete rs  i n  t h e  underground 
environment and s e l e c t e d  machinery w i l l  
y i e l d  a  c o s t  s a v i n g s  i n  p roduc t ion  and 
augment s a f e t y .  Many man-hours and dol-  
l a r s  can be saved by knowing c o n d i t i o n s  
b e f o r e  they  become a  problem. S i t u a t i o n s  
t h a t  could  become d i s a s t r o u s  can be pre- 
d i c t e d  and p roper  s o l u t i o n s  implemented 
b e f o r e  t h e  d i s a s t e r  occurs .  Because 
p roper  env i ronmenta l  and machine monitor-  
i n g  and c o n t r o l  i s  a n o t h e r  key t o  s a f e r  
and more p r o d u c t i v e  underground mining,  
t h e s e  f a c t o r s  shou ld  a l s o  be cons idered  
i n  t h e  o v e r a l l  p l a n  of any communication 
system. 

3.2 The Mine Ent rance  

The e n t r a n c e s  t o  underground mines 
a r e  e i t h e r  v e r t i c a l  s h a f t s ,  s l o p e  en- 
t r a n c e s ,  o r  h o r i z o n t a l  d r i f t s .  Slope and 
h o r i z o n t a l  d r i f t  e n t r a n c e s  can be consid-  
e r e d  a s  a  c o n t i n u a t i o n  of a  haulageway 
and a r e  t r e a t e d  i n  s e c t i o n  3.5. Th i s  
s e c t i o n  i s  devo ted  p r i m a r i l y  t o  s h a f t  
communications. 

I n  t h e  p a s t ,  o p e r a t o r s  of s i n g l e -  
l e v e l  mines w i t h  overburdens  l e s s  t h a n  
1 ,200 f e e t  have f e l t  t h a t  communications 
between t h e  t o p  of t h e  s h a f t ,  t h e  bot-  
tom, t h e  ho i s t room,  and p o s s i b l y  a  com- 
munica t ions  c e n t e r  were adequate .  Many 
mines i n  t h i s  c a t e g o r y  (which i n c l u d e s  
most underground c o a l  mining o p e r a t i o n s )  
d i d  n o t  have t h e  c a p a b i l i t y  of two-way 
v o i c e  communication w i t h  p e r s o n n e l  i n  t h e  
cage.  

One of t h e  b i g g e s t  r easons  f o r  t h i s  
d e f i c i e n c y  i n  communications t o  and from 
t h e  cage has  been t h a t  r e l i a b l e  equipment 
simply was no t  a v a i l a b l e  f o r  e s t a b l i s h i n g  
t h i s  v i t a l  two-way v o i c e  communication 
l i n k .  Th is  reason  i s  no l o n g e r  v a l i d .  
Today, equipment i s  commercially a v a i l a -  
b l e  t o  implement e f f e c t i v e  two-way vo ice  
communication, even whi le  t h e  cage i s  
moving, down t o  d e p t h s  i n  excess  of 
10,000 f e e t .  

A u s e f u l  h o i s t - s h a f t  communication 
system must s a t i s f y  t h e  requ i rements  f o r  
communication throughout  t h e  f u l l  t r a v e l  
of t h e  cage,  p rov id ing  v o i c e  communica- 
t i o n  between t h e  cage and t h e  hois tman,  
a s  w e l l  a s  t o  underground s h a f t  s t a t i o n s .  
An e f f e c t i v e  sys tem should a l s o  p rov ide  
f o r  s h a f t - i n s p e c t i o n  communication be- 
tween t h e  i n s p e c t o r  and t h e  hois tman,  and 
shou ld  have a  s lack-rope i n d i c a t i o n .  For 
t h e  modern, automated s h a f t ,  s i g n a l s  a r e  
a l s o  r e q u i r e d  t o  permit  s e l e c t i o n  of 
l e v e l ,  enab le  i n t e r f a c e  wi th  i n t e r l o c k s ,  
and permit  jogging f o r  e x a c t  p o s i t i o n  a t  
any l e v e l .  

The l i m i t e d  space  w i t h i n  t h e  cage 
p l a c e s  an o p e r a t i o n a l  r e s t r a i n t  on equip- 
ment. Equipment must be s m a l l  and shou ld  
be l o c a t e d  s o  t h a t  i t  cannot  be damaged 
by any of t h e  v a r i o u s  u s e s  of t h e  cage 
such a s  t r a n s p o r t i n g  s u p p l i e s  and machin- 
e r y .  An a d d i t i o n a l  microphone-speaker 
s t a t i o n  may a l s o  be d e s i r e d  f o r  mul t i -  
l e v e l  cages  o r  when s e v e r a l  cages  a r e  
j o i n e d  t o g e t h e r .  

A r e l i a b l e  h o i s t - s h a f t  communication 
system should be cons idered  a s  a  v i t a l  
p a r t  of any o v e r a l l  communication system. 
S h a f t  communication i s  e s p e c i a l l y  impor- 
t a n t  d u r i n g  o r  f o l l o w i n g  an a c c i d e n t  o r  
d i s a s t e r  s i t u a t i o n .  Exper ience has  
t a u g h t  t h a t  t h e  h o i s t  o f t e n  becomes a  
b o t t l e n e c k  d u r i n g  r e s c u e  o r  e v a c u a t i o n  
o p e r a t i o n s ,  and good communication t o  and 
from t h e  cage is  e s s e n t i a l .  

T r a d i t i o n a l l y ,  b e l l  s i g n a l s  have 
been used between t h o s e  r e q u e s t i n g  t h e  
cage and t h e  hois tman,  and u n t i l  re- 
c e n t l y ,  b e l l  s i g n a l i n g  was u s u a l l y  t h e  
only  form of h o i s t - s h a f t  communication. 



Today, however, equipment i s  a v a i l a b l e  
t h a t  a l lows  two-way vo i ce  communication 
between persons  i n  t h e  h o i s t  cage and t h e  
hoistman o r  o t h e r  l o c a t i o n s  a t  t h e  s h a f t  
t o p  o r  bottom. 

P r e s e n t l y  a v a i l a b l e  methods of im- 
plementing two-way vo ice  communication 
w i t h  t h e  h o i s t  cage i nc lude  t r a i l i n g  ca- 
b l e  systems,  r a d i o  systems,  and h o i s t  
rope  c a r r i e r  c u r r e n t  systems. 

3.2.1 Be l l  S igna l i ng  Systems 

There was a  t ime when b e l l  s i g n a l i n g  
was t h e  only form of communication 
between t hose  r eques t i ng  a  cage and t h e  
h o i s t  opera tor .  Because of t h i s ,  b e l l  
s i g n a l i n g  systems have gained widespread 
accep tance  and a r e  used on many h o i s t s .  

F igure  3-1 shows a  s i m p l i f i e d  sche- 
m a t i c  diagram of a  t y p i c a l  s h a f t  buzzer 
s i g n a l i n g  system. I n  t h e  system de- 
p i c t e d ,  a  s i n g l e  tw i s t ed  p a i r  wi re  i s  run 
down t h e  mine s h a f t  and "tapped o f f "  a t  
t h o s e  s h a f t  s t a t i o n s  where s i g n a l i n g  i s  
requi red .  F igure  3-1 sh->ws a  system wi th  
t h e  tw i s t ed  p a i r  tapped a t  t h r e e  l e v e l s  
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IGURE 3-1. - Bell signaling system. 

( l e v e l  A ,  l e v e l  B ,  and l e v e l  C ) .  To s ig -  
n a l  t h e  h o i s t  o p e r a t o r ,  a  miner a t  any 
l e v e l  p u l l s  t h e  p u l l  b o t t l e ,  causing t h e  
a s s o c i a t e d  swi tch  t o  c lose .  This a p p l i e s  
v o l t a g e  t o  t h e  buzzer a t  t h a t  l e v e l ,  and 
a l s o  t o  t h e  hois t room buzzer and a l l  oth- 
e r  buzzers ,  through t h e  switched l i n e  of 
t h e  tw i s t ed  p a i r .  

B e l l  s i g n a l i n g  systems,  a l though  
proven t o  be r e l i a b l e ,  do have some 
s e v e r e  shortcomings.  F i r s t ,  t h e r e  i s  no 
way t o  convey s p e c i a l  messages t o  t h e  
hoistman. Spec i a l  equipment o r  a s s i s t -  
ance o r  unusual  cage movements cannot be 
reques ted  un l e s s  a  s i g n a l i n g  code has  
been def ined  f o r  t h a t  s p e c i f i c  reques t .  
A second d i sadvantage ,  e s p e c i a l l y  f o r  
mines w i th  many s h a f t  s t a t i o n s ,  is  t h a t  
t h e  b e l l  codes requi red  can become q u i t e  
long. Long o r  complicated b e l l  codes a r e  
obviously more d i f f i c u l t  t o  remember and 
can become a  source  of confus ion ,  espe- 
c i a l l y  dur ing  an emergency o r  d i s a s t e r  
s i t u a t i o n .  During t h e s e  c r i t i c a l  per iods  
of h igh  emotional s t r e s s ,  mistakes  a r e  
easy  t o  make even when s i g n a l i n g  codes 
a r e  posted.  Some mines w i th  many l e v e l s  
and/or  s h a f t  s t a t i o n s  have p a r t i a l l y  
overcome t h i s  disadvantage by a s s ign ing  
a n  employee t o  t h e  h o i s t  cage. Because 
t h i s  miner ,  c a l l e d  a  cager ,  is perma- 
n e n t l y  ass igned  t o  a c t  a s  t h e  h o i s t  cage 
o p e r a t o r ,  t h e  b e l l  s i g n a l i n g  code has  
become "second na ture"  t o  him. 

Another disadvantage of t h e  b e l l  
s i g n a l i n g  s y s  tem is  t h a t  communication 
w i t h  t h e  cage is  impossible  when i t  is  
between l e v e l s .  This  de f i c i ency  is  
e s p e c i a l l y  c r u c i a l  dur ing  s h a f t  inspec- 
t i o n  o r  r e p a i r .  Some mines have par- 
t i a l l y  overcome t h i s  problem by running a  
p u l l  cord down t h e  s h a f t .  This  cord is 
k e p t  i n  a  p o s i t i o n  next t o  t h e  s h a f t  t i m -  
b e r s  by s t a p l e s  and can be used f o r  emer- 
gency s t o p s  and s i g n a l i n g  between s h a f t  
s t a t i o n s .  This  system does provide some 
degree  of emergency communication from 
t h e  cage whi le  i t  is  between s h a f t  s t a -  
t i o n s ;  however, ope ra t i on  of t h e  system 
can  be extremely dangerous s i n c e  i t  
r e q u i r e s  t h e  ope ra to r  t o  reach  ou t  of t h e  
cage and g rab  a  cord ,  which may be moving 
r e l a t i v e  t o  t h e  cage. 



3.2.2 Trailing Cable Systems 

One method of establishing two-way 
voice communication with the hoist cage 
is by using a trailing cable. In this 
type of system. A communications cable 
is physically attached to the bottom of 
the cage and allowed to hang down the 
shaft below the cage. 

Figure 3-2 shows a typical trailing 
cable system. In the figure, three 
phones (one in the hoistroom and one at 
each of the two shaft stations) are con- 
nected by a phone line that has been 
strung down the shaft to a junction box 
located about halfway down the shaft. 
Connections are made within the junction 
box to the trailing cable which provides 
the link to the phone mounted in the 
cage. The trailing cable system can be 
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tied into the existing wired communica- 
tion system in the mine, or it can be 
implemented as an independent, shaft- 
only, communication system. 

In addition to the disadvantages 
associated with any wired communication 
system (normal cable maintenance and line 
breaks), the trailing cable system has 
limitations in terms of depth because of 
the amount of cable that can be trailed 
from the cage. 

3.2.3 Radio Systems 

Another approach to satisfy the 
voice communication requirements with 
personnel in the cage is by using two-way 
radio systems. Some recently installed 
radio systems are meeting the hoist com- 
munication requirements. One radio sys- 
tem currently being used at an iron ore 
mine is illustrated in figure 3-3. In 
this system, portable police-type 150-MHz 
FM radios were used in 19-foot-diameter 
shafts. The surface antenna is a dipole 
mounted on plywood bolted to the steel 
collar at the top of the shaft. A coax 
runs from the dipole to the hoist room, a 
distance of about 500 feet. In the cage, 
the radio and 12-volt battery are mounted 
in a plywood box. 

Results of studies indicate that the 
attenuation of radio signals increases 

ANTENNA 4; 1 , 1 
RADIO IN C A G E  CONNECTED 
TO ANTENNA ON TOP OF CAGE 

FIGURE 3-2. - T ra i l i ng  cable system. FIGURE 3-3. - Ho is t  cage radio. 



sha rp ly  a s  s h a f t  s i z e  is  decreased.  For 
s t r a i g h t ,  unobs t ruc ted  s h a f t s  w i th  a  
d iameter  i n  t h e  neighborhood of 12 f e e t ,  
r a d i o s  ope fa t i ng  i n  t h e  frequency range 
of  500 t o  1,000 MHz should provide commu- 
n i c a t i o n  t o  a  dep th  of approximately 
1,500 f e e t .  For s m a l l e r  diameter  s h a f t s ,  
r a d i o  communications w i l l  only be poss i -  
b l e  over  s h o r t e r  d i s t ances .  

3.2.4 Hois t  Rope C a r r i e r  Current  System 

A c a r r i e r  c u r r e n t  system us ing  t h e  
h o i s t  rope a s  t h e  c a r r i e r  has  been devel- 
oped t h a t  p rov ides  r e l i a b l e  two-way vo ice  
communication between t h e  cage (even 
wh i l e  i n  motion) and t h e  hoistman t o  cage 
dep ths  i n  excess  of 10,000 f e e t .  The 
p r i n c i p l e  of o p e r a t i o n  of t h e  h o i s t  rope 
c a r r i e r  c u r r e n t  system is s i m i l a r  t o  t h a t  
of t h e  c a r r i e r  c u r r e n t  commonly used i n  
t r o l l e y  c a r r i e r  phone systems. Both 
systems t r ansmi t  and r ece ive  RF energy 
over  a  t r ansmis s ion  l i n e .  I n  a  t r o l l e y  
system,  t h e  t ransmiss ion  l i n e  i s  t h e  
t r o l l e y  wire.  I n  t h e  h o i s t  system, t h e  
c a r r i e r  s i g n a l  is t r ansmi t t ed  on t h e  
h o i s t  rope. Both systems u t i l i z e  t r ans -  
m i t t e r s  and r e c e i v e r s  ( t r a n s c e i v e r s )  t h a t  
communicate w i t h  each o t h e r  by RF cur- 
r e n t s  superimposed on a  cable .  

The p r i n c i p a l  d i f f e r e n c e  between t h e  
t r o l l e y  c a r r i e r  system and t h e  h o i s t  rope 
c a r r i e r  system is  t h e  way i n  which RF 
energy i s  t r a n s f e r r e d  t o ,  and rece ived  
from, t h e  t r ansmis s ion  l i n e .  Because t h e  
ho is tman ' s  t r a n s c e i v e r  a t  t h e  headf rame 
cannot  be phys i ca l l y  a t t a ched  t o  ( o r  even 
touch)  t h e  h o i s t  rope ,  a  d i f f e r e n t  method 
o f  superimposing RF energy on to  t h e  rope 
must be used. 

The s o l u t i o n  i s  t o  i n d u c t i v e l y  
couple  t h e  hois tman's  t r a n s c e i v e r  t o  t h e  
h o i s t  rope. F igure  3-4 shows a  block 
diagram of a  h o i s t  rope c a r r i e r  c u r r e n t  
system. The system c o n s i s t s  of two s ig -  
n a l  coup le r s  and two t r a n s c e i v e r s .  Each 
t r a n s c e i v e r  is  of t h e  push-to-talk,  
r e l e a s e - t o - l i s t e n  design.  During t r a n s -  
miss ion ,  t h e  sending t r a n s c e i v e r  f eeds  
i t s  couple r  wi th  an FM c a r r i e r .  The 
coup le r  induces  a  s i g n a l  i n t o  t h e  h o i s t  
r ope ,  which t r a v e l s  up and down t h e  h o i s t  
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FIGURE 3-4. - Hois t  rope carr ier current system. 

rope and is  picked up by t h e  couple r  a t  
t h e  o t h e r  t r ansce ive r .  Each couple r  
o p e r a t e s  a s  both a  t r a n s m i t t i n g  and 
r ece iv ing  element. The cage couple r  is 
clamped t o  t h e  h o i s t  rope a t  a  p o i n t  j u s t  
above t h e  cage. The couple r  f o r  t h e  sur -  
f a c e  t r a n s c e i v e r  should be permanently 
mounted below t h e  sheave wheel and about 
6  inches  from t h e  rope. Coaxial  c ab l e  
should be used t o  connect each couple r  t o  
i t s  t r ansce ive r .  

3.2.5 Hois t  S igna l ing  Summary 

The p u l l - b o t t l e  s h a f t  b e l l  has  been 
t h e  u n i v e r s a l l y  accepted means of cage 
s i gna l i ng .  More than  60% of t h e  h o i s t s ,  
no tab ly  t hose  i n  bedded depos i t  mines,  
have only one underground l e v e l ;  hence 
t h i s  type  of s i g n a l i n g  system i s  simple 
and e f f e c t i v e .  I n  m u l t i l e v e l  mines,  s ig -  
n a l i n g  codes become complex t o  t h e  po in t  
where a  fu l l - t ime  cageman may be r equ i r ed  
t o  c o n t r o l  t h e  cage dur ing  a l l  man and 
equipment l i f t s .  Depending on t h e  s i z e  



and n a t u r e  of t h e  s h a f t ,  commercial r a d i o  
equipment o p e r a t i n g  a t  150 o r  450 MHz can 
prov ide  a vo i ce  l i n k  down t o  2,000 o r  
3,000 f e e t .  

For a very deep (2,500 f e e t  o r  
g r e a t e r )  o r  narrow s h a f t  ( l e s s  than  
10  f e e t  i n  d i ame te r ) ,  communication sys-  
t ems a r e  a v a i l a b l e  t h a t  i nduc t i ve ly  
couple  RF s i g n a l s  t o  t h e  h o i s t  cable .  
These c a r r i e r  c u r r e n t  systems provide 
two-way communication w i th  t h e  cage i n  
even  t h e  s m a l l e s t  s h a f t s  down t o  dep ths  
i n  excess  of 10,000 f e e t .  

3.3 Permanent and Semipermanent In-Mine 
Locat i o n s  

Looking only a t  t h e  permanence of a 
t e lephone  i n s t a l l a t i o n ,  phone l o c a t i o n s  
can  be d iv ided  i n t o  t h e  fo l lowing  t h r e e  
c a t e g o r i e s :  

Permanent ( l i f e  of t h e  mine). 

Semipermanent (more than  a year  be- 
tween moves). 

Frequent ly  moved (weekly t o  
monthly).  

Permanent l o c a t i o n s  inc lude  s u r f a c e  
s i t e s ,  t h e  d i s p a t c h e r ' s  s t a t i o n ,  under- 
ground o f f i c e s  and shop a r e a s ,  lunch- 
rooms, r a i l  o r  b e l t  heads,  s t o r a g e  a r e a s ,  
t h e  c ru she r  o p e r a t o r ,  and along main 
haulageways. 

Semipermanent phones would be found 
most ly  i n  t h e  submains of a mine. Af t e r  
pane l s  have been f u l l y  developed, most of 
t h e  phones i n  t h e  submain would be re-  
l o c a t e d  t o  more a c t i v e  s ec t i ons .  One o r  
two phones would remain f o r  u se  by roving 
personnel .  I f  a submain became p a r t  of 
t h e  haulage system, i n  a l l  l i k e l i h o o d  
more phones would remain i n  u se  t o  meet 
t h e  o p e r a t i n g  p r a c t i c e s  of t h e  mine. 

Frequent ly  moved phones a r e  p r i -  
ma r i l y  l oca t ed  nea r  t h e  working f a c e s  of 
t h e  mine, t y p i c a l l y  i n  working s e c t i o n s  
o f f  submains. These phones a r e  moved 
w i t h  t h e  s e c t i o n  i n  o rde r  t o  main ta in  
c l o s e  coamunication w i th  t h e  d i s p a t c h e r ,  

maintenance, and management personnel .  
Communications equipment a s s o c i a t e d  with  
advancing o r  f r equen t ly  moved f a c e  a r e a s  
is t r e a t e d  i n  s e c t i o n  3.4. 

The s ing l e -pa i r  wired phone system 
is t h e  communication system commonly 
employed t o  s a t i s f y  t h e  requirements  of 
permanent l o c a t i o n s .  Magneto phones were 
f i r s t  used,  but  a l though many a r e  s t i l l  
i n  use ,  they have been l a r g e l y  rep laced  
by loudspeaking pager phones. 

I n  a few mines t h e  convent iona l  t e l -  
ephone wi th  a r o t a r y  d i a l  and r i n g e r  
(mounted i n  an explosion-proof housing) 
has  been used. Systems u s ing  t h e s e  d i a l  
phones a r e  u sua l l y  an ex t ens ion  of an 
aboveground p r i v a t e  au tomat ic  branch ex- 
change (PABX) o r  a s i ng l e -pa r ty  indepen- 
den t  system wi th  a sma l l  switchboard. 
Recently m u l t i p a i r  c ab l e  and even mult i -  
p l e x  systems have been used t o  in te rcon-  
n e c t  phones and t o  connect i n d i v i d u a l  
phones t o  an aboveground PABX. 

3.3.1 Single-Pair  Pager Phones 

Pager phones were s p e c i f i c a l l y  
designed t o  meet t h e  requirements  of per- 
manent and semipermanent l o c a t i o n s  f o r  
underground mining ope ra t i ons .  They d i f -  
f e r  from a convent iona l  te lephone i n  t h a t  
i n s t e a d  of a r i n g e r ,  a loudspeaker  is  
used i n  each phone t o  a l e r t  t h e  person 
being c a l l e d ,  and each phone has  i t s  own 
b a t t e r i e s  f o r  power i n s t e a d  of being cen- 
t r a l l y  powered. I n  a s i n g l e - p a i r  i n s t a l -  
l a t i o n ,  t h e  pager phones a r e  i n t e r -  
connected by a s i n g l e  tw i s t ed  p a i r  of 
w i r e s  and a l l  phones a r e  on a s i n g l e  
p a r t y  l i n e .  A 14- t o  18-gage copper p a i r  
w i th  a neoprene j a c k e t  is  most o f t e n  
used. 

F igure  3-5 shows a h y p o t h e t i c a l ,  
moderate-sized room-and-pillar coa l  mine 
w i th  an average working s e c t i o n  s i z e  of 
300 f e e t  by 400 f e e t ,  and an average 
pane l  s i z e  of 800 f e e t  by 1,200 f e e t .  

The upper ha l f  of f i g u r e  3-5 shows 
t h e  main haulageway, t h e  o p e r a t i o n a l  sub- 
mains,  and t h e  working s e c t i o n s  and 
i l l u s t r a t e s  how a s i ng l e -pa i r  pager phone 
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FlGU RE 3-5. - Single-pair pager phone instal lation. 

system would be wired. The solid black 
line represents the single pair. The 
black squares represent splf.cing points, 
and the circles represent the telephones. 
Telephones can be seen at the dis- 
patcher's office, in the underground shop 
area, and along the main haulageways; 
there is one at each butt entry and one 
near each working section, and a twisted 
pair is shown running to the pager phone 
at each working section. When a panel is 
worked out, the phone at that butt entry 
may be removed and installed at another 
location. Usually, as shown in fig- 
ure 3-5, a few phones are left behind 
along the submains in worked-out sec- 
tions. These phones may be used peri- 
odically by roving maintenance personnel 
or inspectors. 

A mine is not static; its architec- 
ture or layout changes, but fortunately 
these c11;inges are usually known well in 
advance so that cable selection and the 
phone line layout in the mine can be 
planned to accommodate future growth. As 
far as changes are concerned, the phones 
shown in the example of figure 3-5 fall 
into the three basic categories as 
follows : 

1. Telephones in the dispatcher's 
office, shop area, and main haulageway, 
and opposite each submain, would rarely, 
if ever, be moved (permanent). 

2. Telephones opposite each butt 
entry would remain in place for one year 
or so until more panels in the submain 
have been developed (semipermanent). 

3. Mine safety regulations require 
that a communication link must be estab- 
lished within 500 feet of the working 
face; hence, telephones at the working 
sections are required to be moved fre- 
quently (perhaps once a week). 

3.3.2 Multipair Systems 

For a multipair access installation 
(fig. 3-6), planning for future mine 
growth becomes important. The figure 
shows an example of how a multipair sys- 
tem may have grown in our hypothetical 
mine, which has four working sections (A, 
B, C, and D). In this example, when the 
system was installed, working section A 
did not exist, so three-pair cable was 
used to give sections B, C, and D private 
lines. (The telephone at the working 
face is an extension of the butt entry 
phone, which may not be reasonable in low 
coal.) When section A came into opera- 
tion, either more cable had to be in- 
stalled or more telephones had to be con- 
verted into extensions without private 
lines. Figure 3-6 shows that six-pair 
cable was run along the main haulageway, 
so that at this stage of development, 
several telephones were forced to share a 
pair. 

Several telephones are extensions, 
and as long as that is a satisfactory 
condition, six-pair cable in the main 
haulageway is sufficient. However, if 
the objective is to provide every tele- 
phone with its own pair (which really is 
the point of a multipair dial access sys- 
tem), additional cables have to be run 
down the main haulageway. The lesson, of 
course, is to keep future needs in mind 
when planning cable layouts, particularly 
in areas like main haulageways and main- 
tenance areas where telephone locations 
are unlikely to change for many years. 
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FIGURE 3-6. - Multipair installation. 

Figure 3-7 shows details of the 
multipair system; once again, the 
three categories of telephones--perma- 
nent, semipermanent, and frequently moved 
telephones--can be seen. 

3.3.3 Multiplexed Systems 

Various types of multiplexed systems 
can also be implemented to satisfy commu- 
nication requirements of permanent and 
semipermanent locations underground. 

One system using multiplex equipment 
and a small PABX has been installed in a 
deep, multilevel, metal mine in the West- 
ern United States. This system utilized 
an existing twisted pair already strung 
through the mine to establish two seven- 
channel private communication links. A 
simplified diagram of the system is shown 
in figure 3-8. 

The single twisted pair utilized by 
the systems extended from the surface, 
down shaft A to the 3,700-foot level, 
horizontally through a 5,000-foot-long 
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FIGURE 3-7. - Detail of multipair. 
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FIGURE 3-8. - Multiplex system with PABX, 
drift to the underground headframe of 
shaft B, and then down shaft B to the 
5,600-foot level. An air-conditioned 
room was available in the shaft B area at 
the 3,700-foot level that met all envi- 
ronmental requirements of commercially 
available PABX systems. Additionally, 
this location was approximately centered 
with respect to the physical locations of 
the desired phones. The single twisted 
pair was opened at this point, thereby 
forming two independent wire pairs (one 
running back to the surface, the other 
running down shaft B). A carrier system 
was then installed on each pair, and 
these two independent carrier systems 
were then connected to the PABX line cir- 
cuits. This provided 14 private channels 
(1A through 7A and 1B through 7B) for 
communication within the mine. This sys- 
tem (described in more detail in appendix 
A), not being intrinsically safe, is not 
suitable for use in coal mines. 

Presently, there is no intrinsically 
safe multiplexed telephone system de- 
signed for mine use that is commercially 



a v a i l a b l e .  However, t h e  Bureau of Mines 
i s  developing such a  system. This  system 
provides  e i g h t  f u l l  duplex channels ,  some 
of which can be dedica ted  t o  monitor and 
c o n t r o l  func t ions .  The system uses  in- 
expensive tw i s t ed  sh i e lded  p a i r  and is  
n o t  under c o n t r o l  of any c e n t r a l  switch- 
i n g  o r  c o n t r o l  cen te r .  Because of t h i s ,  
t h e  system w i l l  no t  be made inope ra t i ve  
because of a\ cab le  break o r  a  c e n t r a l  
PABX f a i l u r e .  Other f e a t u r e s  inc lude  a  
message-leaving l i g h t  on each phone, low- 
b a t t e r y  i n d i c a t o r s ,  and compa t ib i l i t y  
w i th  s t anda rd  loudspeaking pager phone 
systems. 

3.4 Mining Area 

Sa fe ty  r e g u l a t i o n s  r e q u i r e  t h a t  a  
communication l i n k  must be e s t a b l i s h e d  
wi th in  500 f e e t  of t h e  working face.  I n  
c o a l  mines a  b u t t  e n t r y  po r t ab l e  phone 
meets t h a t  requirement a t  t h e  beginning 
of  a  pane l ' s  development, but  a  f requent -  
l y  moved s e c t i o n  phone must be i n s t a l l e d  
once t h e  f a c e  has  moved 500 f e e t  from t h e  
b u t t  e n t r y  phone. Weekly movement of t h e  
s e c t i o n  phone might be necessary t o  keep 
t h e  s e c t i o n  foreman w i t h i n  range. 

Under normal ope ra t i ng  cond i t i ons  
t h e  s e c t i o c  foreman communicates by f i x e d  
phone t o  t h e  s h i f t  foreman t o  reques t  
s u p p l i e s  and maintenance s e r v i c e s ,  and t o  
f i l e  h i s  p e r i o d i c  p roduc t iv i t y  r epo r t s .  
Under emergency cond i t i ons  he r eques t s  
medical a i d  f o r  personnel  and r e p o r t s  
hazardous cond i t i ons  i n  h i s  area.  H i s  
primary concern is  t h e  s a f e t y  and produc- 
t i v i t y  of h i s  crew. 

The high a c o u s t i c  n o i s e  l e v e l  c re -  
a t e d  by t h e  mining machinery g r e a t l y  
reduces t h e  e f f e c t i v e  communications 
between t h e  foreman and h i s  crew. This  
n o i s e  a l s o  i n t e r f e r e s  with t h e  foreman 
r ece iv ing  c a l l s .  Often a  motorman must 
d e l i v e r  a  c a l l - i n  message t o  t h e  foreman 
when he  is t r a n s f e r r i n g  haulage c a r s  i n  
h i s  s ec t i on .  A s tandard  procedure i n  
some b e l t  haulage mines is  t o  t u r n  o f f  
t h e  conveyor system, thereby causing a l l  
t h e  s e c t i o n  foremen t o  c a l l  in.  The 
working s e c t i o n  crew p r imar i l y  depends on 
t h e  f i x e d  pager phone system f o r  d i r e c t  

communication with o t h e r  p a r t s  of t h e  
mine. 

Most e x i s t i n g  mine communication 
systems s t o p  a t  t h e  l a s t  open c ros scu t  of 
t h e  s ec t i on .  Presen t  mine communication 
systems a r e  aimed a t  s a t i s f y i n g  t h e  need 
t h a t  t h e  mine s e c t i o n  foreman be a b l e  t o  
communicate with t h e  mine s h i f t  foreman. 
However, i n  some mines t h e r e  may be addi- 
t i o n a l  communication needs w i th in  t h e  
mine s ec t ion .  Needs t h a t  a r e  no t  ade- 
qua t e ly  met inc lude  communications be- 
tween t h e  continuous miner opera tor  and 
t h e  s h u t t l e  buggy ope ra to r s ,  between t h e  
s h u t t l e  buggy ope ra to r s  and t h e  "gather- 
ing"  locomotive ope ra to r ,  and between t h e  
gene ra l  maintenance foreman and t h e  sec- 
t i o n  maintenance man r e p a i r i n g  a  machine. 
By s a t i s f y i n g  t h e s e  needs,  both t h e  sa fe -  
t y  and e f f i c i e n c y  of mining ope ra t i ons  
can be improved. The e x i s t i n g  power 
t r a i l i n g  cab l e s  t o  t h e  f a c e  machine pro- 
v i d e  one means t o  achieve t h e s e  communi- 
c a t i o n s  c a p a b i l i t i e s  i n  a  r e l i a b l e  and 
economic manner. Another method of es- 
t a b l i s h i n g  voice  communications between 
miners working a t  t h e  f ace  is by a  r a d i o  
system. 

The o p e r a t i o n a l  and s a f e t y  advan- 
t ages  of communication c a p a b i l i t i e s  a r e  
s e v e r a l  and d iverse .  The s h u t t l e  buggy 
ope ra to r  w i l l  be a b l e  t o  a l e r t  t h e  con- 
t inuous  mining machine ope ra to r  of an 
impending roof f a l l .  The s h u t t l e  buggy 
o p e r a t o r s  w i l l  be b e t t e r  a b l e  t o  coordi- 
n a t e  t h e i r  a c t i v i t i e s  a s  they go i n  t o  
dump on t h e  b e l t  o r  i n t o  t h e  cars .  The 
maintenance mechanic w i l l  be a b l e  t o  com- 
municate with t h e  s u r f a c e  while  working 
a t  a  f a c e  machine. When maintenance on a  
f a c e  machine is  r equ i r ed ,  t h e  maintenance 
mechanic can be c a l l e d  d i r e c t l y  from t h e  
t roubled  machine. 

3.4.1 Radio Systems 

The use  of two-way r ad ios  can r e s u l t  
i n  b e t t e r  coord ina t ion  of s e c t i o n  ac- 
t i v i t i e s ,  e s p e c i a l l y  dur ing  t h e  movement 
of mobile machines t h a t  must work i n  
conce r t  with each o t h e r  a t  t h e  f a c e  area.  
I n  many cases  t h e  ope ra to r s  cannot s e e  
one another ,  but  with a  system of 



communications they  can s t i l l  e f f e c t i v e l y  
work toge ther .  Sa fe ty  w i l l  a l s o  be 
improved by b e t t e r  communication w i th  
i s o l a t e d  workers;  f o r  example, fan-hole 
d r i l l  o p e r a t o r s  i n  i r o n  o r e  mines. 

Improved management can be r e a l i z e d  
by means of e f f e c t i v e  s e c t i o n  communica- 
t i o n .  The foreman can e x e r c i s e  b e t t e r  
supe rv i so ry  c o n t r o l ,  r e s u l t i n g  i n  more 
e f f i c i e n t  u t i l i z a t i o n  of a v a i l a b l e  per- 
sonnel .  Another b e n e f i t  i s  t h e  r educ t i on  
o f  unnecessary t r a v e l ,  an extreme burden 
when mining low c o a l  o r  on longwall  sec- 
t ions .  Repairmen, mechanics, and u t i l -  
itymen can be qu i ck ly  reached and d i s -  
patched t o  t h e i r  p l ace  of need a t  t h e  
t i m e  of need. I n  s p i t e  of t h e s e  advan- 
t a g e s ,  two-way vo i ce  communication u s ing  
p o r t a b l e  r a d i o s  is only now becoming 
p r a c t i c a l  f o r  u se  i n  underground working 
s e c t i o n s .  This  has  been due t o  t h e  l i m -  
i t e d  range t h a t  could be a t t a i n e d  u s ing  
t h e  sma l l  handheld u n i t s .  

Almost anyone who has  r idden  i n  an  
automobile  i s  f a m i l i a r  wi th  t h e  r a d i o  
f a d e  t h a t  occurs  when a  c a r  e n t e r s  a  tun- 
n e l .  One might expec t ,  then ,  t h a t  r ad io  
wave propaga t ion  would be very poor i n  
mines,  and it is s t i l l  no t  f e a s i b l e  t o  
de s ign  p r a c t i c a l  "w i r e l e s s "  p o r t a b l e  ra-  
d i o s  capable  of f u l l  mine coverage, ex- 
c e p t  pos s ib ly  f o r  t h e  s m a l l e s t  mines. 
However, bo th  theory  and exper ience  show 
t h a t  t h e  propaga t ion  c h a r a c t e r i s t i c s  of 
r a d i o  waves i n  mine t unne l s  improve a s  
t h e  f requency i n c r e a s e s  i n t o  t h e  UHF 
band. This  is  a t t r i b u t a b l e  t o  a  wave- 
g u i d e  e f f e c t  t h a t  i s  prominent when t h e  
wavelength of t h e  r a d i o  wave becomes 
small compared w i t h  t h e  c ro s s - s ec t i ona l  
dimensions of t h e  tunne l .  I n  t h e  UHF 
band from 400 t o  1,500 MHz, t unne l  propa- 
g a t i o n  is adequate  t o  p rov ide  sec t ionwide  
r a d i o  coverage. 

Probably t h e  most important  f a c t o r  
t h a t  determines  t h e  a b i l i t y  of UHF r a d i o  
waves t o  propagate  i n  underground mine 
t u n n e l s  i s  t h e  c ro s s - s ec t i ona l  dimension 
of t h e  t unne l s .  I n  g e n e r a l ,  a  h igh ,  wide 

opening f avo r s  b e t t e r  r a d i o  wave propaga- 
t i o n .  F igure  3-9 shows a  comparison i n  
t h e  a b i l i t y  of 450-MHz UHF r a d i o  waves t o  
propagate  i n  h igh  c o a l  (7  f e e t )  a s  
opposed t o  low c o a l  (3.5 f e e t )  , assuming 
a  16-f oot-wide en t ry .  The comparison 
a l s o  assumes t h a t  2-watt UHF walkie- 
t a l k i e s  a r e  t h e  source  of s i g n a l .  A s  
i n d i c a t e d  i n  f i g u r e  3-9, communication i s  
p o s s i b l e  f o r  ranges up t o  1,500 f e e t ,  
a long  a  s t r a i g h t  e n t r y  i n  h igh  c o a l ,  but 
t h e  range drops t o  400 f e e t  i n  low coal .  
Of course  t h e  same p r i n c i p l e s  apply t o  
t unne l s  i n  noncoal mines. 

Corners a l s o  p r e sen t  o b s t a c l e s  t o  
t h e  propagat ion of UHF r a d i o  waves. For 
a  pa th  t h a t  i nc ludes  one co rne r ,  ranges 
a r e  reduced bu t  improve i f  one of t h e  
r a d i o s  can be moved c l o s e r  t o  t h e  corner .  
However, propagat ion around a  second 
co rne r  is u s u a l l y  poor. To h e l p  o f f  s e t  
t h i s  co rne r  e f f e c t ,  it is  good p r a c t i c e  
t o  t r ansmi t  from i n t e r s e c t i o n s  when pos- 
s i b l e ,  t hus  reducing t h e  number of 
co rne r s  t h a t  have t o  be negot ia ted .  Some 
o t h e r  o b s t a c l e s  t o  r a d i o  wave propagat ion 
a t  u l t r a h i g h  f requenc ies  a r e  equipment 
such  a s  s h u t t l e  c a r s  and machines t h a t  
reduce t h e  c ro s s - s ec t i ona l  a r e a  of t h e  
t unne l s  o r  e n t r i e s .  Table 3-1 shows t h a t  
when s h u t t l e  c a r s  a r e  p r e s e n t ,  t h e  range 
i s  t y p i c a l l y  reduced by 200 f e e t  i n  h igh  
c o a l  and by 50 f e e t  i n  low coa l .  

. . A  

At 450 MHz 

penerrarlon 

FIGURE 3-9. - UHF radio wave propagation in  
high and low coal. 



FIGURE 3-10. - Extending range with radio FIGURE 3-1 1. - Extending range with radiating 
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TABLE 3-1. - Typical  range reduc t ion  due t o  t unne l  o b s t r u c t i o n s  a t  450 kHz 

S h u t t l e  car... . . . . .ft. .  
Bends.................. 
Permanent stoppings. . . .  
Longwalls.......... - ft.. 

High coa l  (7 by 16 f t )  
200................... 
Moderate t o  severe. . . .  ... do................. 
1,200................. 

Low coa l  (3-112 by 16 f e e t )  
50. 
Moderate t o  severe.  

Do. 
250. 

The range of e f f e c t i v e  communication r e p e a t e r  and p o r t a b l e  rad ios .  Figure 3- 
can be s u b s t a n t i a l l y  increased  by the  11 shows a  sample cab l e  i n s t a l l a t i o n  f o r  
u se ,  and jud i c ious  placement, of a  re- use wi th  t h e  r epea t e r .  In  t h i s  case ,  t he  
p e a t e r ,  and i n  some a p p l i c a t i o n s ,  a  r ad i -  s i g n a l s  from r a d i o  A a r e  picked up by the  
a t i n g  cable .  When t h i s  i s  done, good r a d i a t i n g  cab le  i t s e l f ,  c a r r i e d  t o  t h e  
communication can be e s t a b l i s h e d  even un- r e p e a t e r ,  r e t r ansmi t t ed  a s  F2 s i g n a l s  on- 
d e r  some of t h e  worst  cond i t i ons  encoun- t o  t h e  cab l e ,  c a r r i e d  along by the  cab le ,  
t e r e d  on working sec t ions .  Refer r ing  t o  and leaked i n t o  tunne ls  where they a r e  
f i g u r e  3-10, suppose t h e  two r a d i o s  la -  rece ived  by r a d i o  B. The r eve r se  occurs 
be led  A and B a r e  ou t  of d i r e c t  r ad io  f o r  t ransmiss ion  from B t o  A. 
range of each o the r .  The r epea t e r  can 
func t ion  t o  b r ing  t h e  r ad ios  w i th in  range Even though a  r a d i o  r e p e a t e r  such a s  
i n  t h e  fol lowing manner. When r ad io  A shown i n  f i g u r e  3-10 can extend t h e  oper- 
t r ansmi t s  on frequency F1,  t h e  s i g n a l  i s  a t i n g  range of r ad ios  A and B,  t h i s  s t i l l  
picked up by t h e  r e p e a t e r ,  which ampli- provides  only l o c a l  coverage such a s  a  
f i e s  and conver t s  it t o  a  d i f f e r e n t  £ re -  working sec t ion .  However, a  r a d i a t i n g  
quency (F2) and r e t r a n s m i t s  i t  a t  a  cab le - repea te r  system such a s  shown i n  
h igher  power l e v e l .  Radio B r ece ives  t h e  f i g u r e  3-11 can extend t h e  opera t ing  
r e t r a n s m i t t e d  s i g n a l .  I n  t h i s  way, corn- range f o r  many miles .  The l i m i t i n g  fac-  
munications from r a d i o  A t o  r a d i o  B and B t o r  i n  t h i s  case  is  the  a b i l i t y  of a  
t o  A a r e  e s t a b l i s h e d .  r a d i o  t o  t ransmi t  t o  and r ece ive  from t h e  

r a d i a t i n g  cable .  
When t h e  tunne ls  between t h e  por ta -  

b l e  r ad ios  a r e  heav i ly  obs t ruc ted  by The implementation of a  UHF rad io  
machinery o r  metal  roof-support s t r u c -  system f o r  a  mine working s e c t i o n  can be 
t u r e s ,  r a d i a t i n g  ( l eaky  coax) cab le  may approached from t h e  s tandpoin t  of a  b a s i c  
a l s o  be i n s t a l l e d  i n  t h e  tunne l  t o  pick 
up and c a r r y  t h e  s i g n a l s  t o  and from t h e  

JJ 

RADIO REPEATER 

1 

RADIATING CABLE 
\ 

1, TO t2 

RADIATING 
CABLE 
REPEATER 



"bui ld ing  block" philosophy a s  shown i n  
f i g u r e  3-12. The fundamental bu i ld ing  
block is t h e  UHF walk ie- ta lk ie  r ad io  
i t s e l f .  Severa l  of t hese  a r e  sometimes 
a l l  t h a t  is requi red  f o r  an  e f f e c t i v e  
sect ionwide communication system. Usu- 
a l l y ,  however, c e r t a i n  po r t ab l e  accesso- 
r i e s  a r e  h e l p f u l  t o  some miners;  namely, 
speaker-microphone headse t s ,  car ry ing  
v e s t s ,  and remote handheld microphones. 

In  some s i t u a t i o n s ,  i t  may be neces- 
s a r y  t o  extend t h e  range of communica- 
t i o n s  beyond t h a t  ach ievable  when t r ans -  
m i t t i n g  d i r e c t l y  between po r t ab l e  u n i t s .  
This  can be accomplished by adding a 
r a d i o  r epea t e r  t o  t h e  system. A re- 
p e a t e r ,  which can e f f e c t i v e l y  double t h e  
a r e a  of coverage, is  e s s e n t i a l l y  a s i g n a l  
boos te r  t h a t  r ece ives  weak s i g n a l s  from 
d i s t a n t  r ad ios  and r e t r ansmi t s  them a t  
f u l l  power. Fur ther  enhancement is  pos- 
s i b l e  by connecting t h e  r epea t e r  t o  i t s  
antenna by means of a long l eng th  of 
s p e c i a l  " r ad ia t ing"  cab le  t h a t  can be run 
through a reas  of poor coverage, such a s  
t h e  a r e a  along a longwall  chockway. 
Radia t ing  cab le ,  a l s o  known a s  leaky coax 
o r  leaky f eede r ,  a l lows s i g n a l s  t o  l eak  
o u t  of o r  i n t o  i t s e l f  a t  a con t ro l l ed  
r a t e .  It e f f e c t i v e l y  behaves a s  a long 
antenna t h a t  can guide r a d i o  waves around 
corners  and bends. 

phone system 

Interconnect 

Antennas 

Radiating cable 

Radio repeater 

Portable accessories 

Portable radios 

For a more comprehensive system, an 
in te rconnect  may be i n s t a l l e d  t o  i n t e r -  
f a c e  t h e  r a d i o  system wi th  o the r  communi- 
c a t i o n  systems, such a s  a pager phone o r  
c a r r i e r  phone system. This would be use- 
f u l  f o r  paging key personnel i n  t h e  
s e c t i o n  who a r e  out  of audib le  range of 
t h e  s e c t i o n  pager phone. However, t h e  
in te rconnect  should opera te  only on a 
s e l e c t i v e  b a s i s  t o  avoid i n t e r f e r e n c e  t o ,  
o r  by, t h e  s e c t i o n  rad ios .  Hardware f o r  
implementing t h i s  r ad io  in te rconnect  i s  
commercially ava i l ab l e .  

UHF s e c t i o n  r ad io  has been used suc- 
c e s s f u l l y  on room-and-pillar working sec- 
t i o n s  a t  s e v e r a l  mines. One such mine 
had a s i n g l e  convent ional  room-and-pillar 
s e c t i o n  a s  shown i n  f i g u r e  3-13. The 
seam he ight  was medium low (42 t o  48 
inches ) .  The s e c t i o n  r ad io  system con- 
s i s t e d  of walk ie- ta lk ie  r ad ios  c a r r i e d  by 
var ious  miners and a r a d i o  r epea t e r  lo- 
ca ted  a t  a communications cen te r  (known 
a s  t h e  communication s l e d ) ,  which was 
placed near t h e  power s l ed .  The foreman, 
mechanic, shot  f i r e r ,  and a u t i l i t y  
cleanup man were equipped wi th  2-watt ra- 
d i o s  opera t ing  on two channels,  454 and 
457 MHz. The purpose of t h e  r epea t e r  was 
twofold: (1 )  To extend coverage beyond 
t h e  d i r e c t  portable- to-portable  range, 
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and (2 )  t o  p rov ide  an i n t e r c o n n e c t  
between t h e  r a d i o  system and a  system of 
c a r r i e r  phones,  which were mounted on 
mobile machines and i n t e r connec t ed  by 
means of t h e  t r a i l i n g  c a b l e  conductors  t o  
t h e  machines. It was t h u s  p o s s i b l e  t o  
communicate between rov ing  miners  
equipped w i th  r a d i o s  and machine opera- 
t o r s  equipped w i t h  powerl ine  c a r r i e r  
phones. Paging i n t o  t h e  s e c t i o n  r a d i o  
system from a  s u r f a c e  p o i n t  was a l s o  pos- 
s i b l e  v i a  a  su r f ace - t o - s ec t i on  c a r r i e r  
phone l i n k  and a  s p e c i a l  i n t e r f a c e  i n  t h e  
communication s l e d .  A low-f requency 
through-the-ear th  r a d i o  l i n k  between t h e  
s u r f a c e  and communication s l e d  was a l s o  
p rov ided ,  a s  shown i n  f i g u r e  3-14. A t  
t h i s  mine t h e  p o r t a b l e  r a d i o s  by them- 
s e l v e s  were u s a b l e  over  a n  a r e a  encom- 
pa s s ing  more t han  h a l f  of t h e  working 
s e c t i o n .  With t h e  r e p e a t e r ,  sec t ionwide  
r a d i o  coverage was pos s ib l e .  

A s i m i l a r  system was used a t  ano ther  
room-and-pil lar  mine u t i l i z i n g  cont inuous 
mining machines. This  s e c t i o n  r a d i o  com- 
municat ion system a l s o  inc luded  machine- 
mounted c a r r i e r  phones and a  su r f ace -  
t o - s e c t i o n  i n t e r f a c e  a t  a  communication 
s l e d .  Condi t ions  a t  t h i s  mine were much 
more f a v o r a b l e  f o r  r a d i o  communication, 
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mainly because t h e  seam he igh t  was 6 t o  
7 f e e t .  D i r ec t  por tab le - to -por tab le  com- 
municat ion was g e n e r a l l y  good over  an 
a r e a  encompassing up t o  t h r ee -qua r t e r s  of 
t h e  working s e c t i o n ,  a l though  some dead 
zones were encountered where s e v e r a l  
co rne r s  had t o  be t r ave r s ed .  When t h e  
f a c e  was a t  maximum advance from t h e  
power c e n t e r ,  t h e  r e p e a t e r  l o c a t e d  i n  t h e  
communication s l e d  nea r  t h e  power c e n t e r  
was ou t  of reach  of some p o r t a b l e  r a d i o s ;  
however, t h i s  could be r e c t i f i e d  by 
ex tend ing  t h e  r e p e a t e r  antenna toward t h e  
f a c e  a r e a  by means of a  c o a x i a l  cab le .  

3.4.2 Longwall Mining 

With investment i n  a  longwal l  f a c e  
be ing  i n  t h e  m i l l i o n s  of d o l l a r s ,  and 
produc t ion  de l ays  amounting t o  hundreds 
of d o l l a r s  a  minute ,  p o s i t i v e  c o n t r o l  and 
communication must be ob ta ined .  A r ep r e -  
s e n t a t i v e  longwal l  f a c e  crew might com- 
p r i s e  a  foreman, two s h e a r e r  o p e r a t o r s ,  
t h r e e  chock advance miners ,  one o r  two 
mechanics,  a  headga te  o p e r a t o r ,  and one 
miner a t  t h e  t a i l g a t e .  Voice communica- 
t i o n  i s  f r e q u e n t l y  r equ i r ed  between each 
of t h e s e  crew members and between t h e  
headga te  and t a i l g a t e .  Since miners a t  
t h e  f a c e  must work under r a t h e r  crowded 
c o n d i t i o n s ,  s t a r t i n g  and s t opp ing  t h e  
conveyor and mining machines a r e  p a r t i c u -  
l a r l y  c r u c i a l  ope ra t i ons .  It is  essen-  
t i a l  t h a t  everyone on t h e  f a c e  knows what 
i s  happening. During maintenance opera- 
t i o n s ,  f r equen t  i n t e r change  of informa- 
t i o n  between miners working a t  va r i ous  
p o i n t s  a long  t h e  f a c e  i s  requ i red .  Good 
communication w i l l  improve t h e  c a p a b i l i t y  
of d e s c r i b i n g  and l o c a t i n g  problems and 
coo rd ina t i ng  maintenance e f f o r t s  t o  
reduce downtime. 

F igu re  3-15, a  longwal l  i n s t a l l a t i o n  
i n  low c o a l ,  d r ama t i ca l l y  i l l u s t r a t e s  t h e  
l i m i t e d  working space  i n  longwal l  mining. 
The a r e a  c o n s i s t s  of a  long l a t e r a l  tun- 
n e l  i n  which equipment may be e a s i l y  
damaged. Moreover, i t  is  f a t i g u i n g  t o  
t r a v e l  any app rec i ab l e  d i s t a n c e  t o  g e t  t o  
a  phone p laced  a long  t h e  face .  Acoust ic  



FIGURE 3-15. - Typical conditions encountered 

in  longwall mining. 

n o i s e  i s  a l s o  very high. Therefore ,  a 
communication system designed s p e c i f i -  
c a l l y  f o r  longwall  mining a p p l i c a t i o n s  
should m e e t  t h e  fo l lowing  requirements:  

1. Minimum s i z e .  

2. Rugged. 

3. Di rec t  a c o u s t i c  sound along t h e  
face .  

4. Rugged cab l e  and connectcr  de- 
s i g n  t o  su rv ive  i n  t h e  ha r sh  environment. 

5. S u f f i c i e n t  power t o  permit oper- 
a t i o n  along t h e  maximum l eng th  of t h e  
longwall .  

6. Ce r t a in  c o n t r o l  and s i g n a l i n g  
f e a t u r e s  t h a t  can be incorpora ted  i n t o  
t h e  phone system. 

U.S. longwall  f a c e s  commonly use 
s tandard  U.S. pager phones a s  a means of 
implementing i n t e r f a c e  communication. 
However, t h e s e  systems do not  provide an 
adequate  f a c e  communication system. 
Major problems a r e  a s  fol lows:  

1. The phones and cab l e s  a r e  e a s i l y  
damaged owing t o  t h e  c l o s e  q u a r t e r s  and 
s e v e r e  environment. 

2. Miners on t h e  f a c e  may have t o  
t r a v e l  50 t o  100 f e e t  t o  use phones; 
sometimes phones can su rv ive  only a t  t h e  
headgate  o r  t a i l g a t e ,  which is marginal ly  

accep tab l e  on a s h o r t  f a c e ,  say 250 f e e t ,  
bu t  u n s a t i s f a c t o r y  on f aces  a s  long a s  
400 f e e t ;  i n  c o n t r a s t ,  phones a r e  placed 
40 t o  50 f e e t  a p a r t  i n  West Germany. 

3. The conveyor c r e a t e s  a high- 
n o i s e  environment, and shea re r  noise  
o f t e n  makes it impossible  f o r  shea re r  
o p e r a t o r s  t o  hea r  a page. 

4. Communication i s  r equ i r ed  l a t e r -  
a l l y  a long t h e  f a c e ,  and U.S. pager 
phones have not  been designed wi th  t h i s  
i n  mind. 

Severa l  European systems, however, 
a r e  a v a i l a b l e  t h a t  have been s p e c i f i c a l l y  
designed f o r  longwall  app l i ca t i ons .  Fig- 
u r e  3-16 shows one type of phone, which 
has a l ready  been i n s t a l l e d  i n  a few U.S. 
longwalls  and is r epo r t ed ly  w e l l  accept-  
ed. Figure 3-17 shows t h e  main c o n t r o l  
u n i t ,  which i s  i n s t a l l e d  a t  t h e  headgate. 
Some of t h e  f e a t u r e s  of European longwall  
pager phone systems a r e  pul l -wire  s igna l -  
i ng ,  machinery lockout  bu t tons ,  p r e s t a r t  
warning, f a u l t  d e t e c t o r s  ( i n  some cases)  
which s t o p  t h e  machinery, blast-proof de- 
s i g n ,  and a c e n t r a l  power supply a t  t h e  
headgate  wi th  standby b a t t e r i e s  i n  t h e  
i nd iv idua l  phone u n i t s .  

For t h e  p o t e n t i a l  U.S. u se r ,  t h e r e  
a r e ,  of course,  problems a s soc i a t ed  wi th  
t h i s  equipment. The f i r s t  is  expense. A 
10-phone system inco rpo ra t i ng  a l l  t h e  
d e s i r e d  f e a t u r e s  may cos t  around $25,000. 
A 10-phone system wi th  voice-only cap&- 
b i l i t i e s  might c o s t  only about $6,000 t o  
$7,000, but t h i s  is s t i l l  a t  l e a s t  t w i c e  

FIGURE 3-16. - Longwall l hone. 



FIGURE 3-17. - Main control unit. 

a s  much a s  a  U.S. pager phone system. 
Secondly, t h e r e  a r e  a  l i m i t e d  number of 
s u p p l i e r s .  Th i rd ly ,  a  mine may have t o  
e i t h e r  c a r r y  i t s  own inventory  o r  expect  
long l e a d  t i m e s  i n  g e t t i n g  spa re  p a r t s .  
F i n a l l y ,  in-house maintenance s k i l l s  have 
t o  be developed. However, given t h e  high 
c o s t  of a  longwall  system ($1 t o  $2 m i l -  
l i o n ) ,  a  proper  understanding of t h e  
va lue  of a  good phone system i n  reducing 
downtime i n d i c a t e s  t h a t  t h e s e  systems a r e  
s t i l l  worth cons ider ing .  

With any system, c e r t a i n  i n d i v i d u a l s  
should be a b l e  t o  communicate from any 
l o c a t i o n  along t h e  chockway without  t h e  
f a t i g u i n g  o r d e a l  of crawling t o  a  phone. 
This  requirement cannot be t o t a l l y  m e t  by 
any wired phone system, and wi th  some 
except ions  wireless r a d i o  f o r  longwalls  
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FIGURE 3-18. - Repeater-based UHF radiosys- 
tern layout for longwalls. 

i s  not  f e a s i b l e  a t  u l t r a h i g h  f requenc ies .  
Table  3-2 summarizes t h e  important po in t s  
regard ing  t h e  design and implementation 
of a  longwall  UHF r a d i o  system. However, 
cable-aided UHF r a d i o  i s  f e a s i b l e  and may 
be another  choice f o r  ob t a in ing  t h e  
l i n e a r  t unne l  coverage r equ i r ed  on a  
longwall  s ec t i on .  

On s h o r t e r  f a c e s ,  a  r a d i a t i n g  c a b l e  
extending along t h e  l e n g t h  of t h e  long- 
w a l l  and pas s ive ly  terminated a t  each end 
wi th  a  s u i t a b l e  antenna can provide f a c e  
coverage without  a  r epea t e r .  A r a d i o  
r e p e a t e r ,  connected t o  t h e  cab l e  a t  one 
end, may be needed on longer  f a c e s ,  o r  
when coverage t o  t h e  head e n t r y  outby t h e  
headgate  is  required.  A repeater-based 
con f igu ra t i on  f o r  a  longwall  UHF r a d i o  
system i s  shown i n  f i g u r e  3-18. I n  t h i s  
system, good r a d i o  coverage can be ex- 
pected along t h e  f ace  a r e a  and i n t o  t h e  
head e n t r y  f o r  s e v e r a l  hundred f e e t .  I f  
t h e  r e p e a t e r  should f a i l ,  d i r e c t  communi- 
c a t i o n  between po r t ab l e  r ad ios  is  s t i l l  
p o s s i b l e  a t  reduced range. This system 
can be implemented using commercially 
a v a i l a b l e  bat tery-operated hardware t h a t  
i s  a l s o  MSHA approved ( f i g .  3-19). 

TABLE 3-2. - Ranges of completely wireless communication system 
f o r  longwalls  a t  450 MHz 

Type of roof I Range wi th  no 
suppor t  

Chocks.. .... 
machine, f t  

High c o a l  I Low c o a l  
300 1 150 

Shie ld .  . . . . . I 1,000 

Range wi th  s h e a r e r  machine, f t  

150 

High c o a l  Low coa l  



FIGURE 3-19, - MSHA-approved UHF repeater 

and battery unit, wi th "hardhat" antenna and 

portable radios. 

3.5 Haulageways 

Operators  of v e h i c l e s  i n  underground 
haulageways must be a b l e  t o  communicate 
w i th  one another  and wi th  o t h e r  a r eas  i n  
t h e  mine t o  improve s a f e t y  and inc rease  
production. 

The type  of systems t h a t  can be 
implemented t o  meet t he  communication 
requirements of underground haulageways 
depends upon t h e  method of haulage it- 
s e l f .  From t h e  s tandpoin t  of communica- 
t i o n s ,  haulage systems can be considered 
as e i t h e r  t r o l l e y  o r  nont ro l ley .  

T ro l l ey  haulage, a s  used i n  t h i s  
manual, means v e h i c l e s  t h a t  a r e  t racked 
( r i d e  on r a i l s )  and a r e  e l e c t r i c a l l y  
powered from an overhead t r o l l e y  wire. 
I n  mines us ing  t h i s  type of haulage, a 
c a r r i e r  phone system us ing  t h e  t r o l l e y  
wi re  i s  almost always used t o  s a t i s f y  t h e  
communication requirements.  The t r o l l e y  
w i r e  and t r a c k s  se rve  a s  t h e  c a r r i e r  
c u r r e n t  path. Methods, techniques,  and 
ways of improving c a r r i e r  phone systems 
a r e  given i n  s e c t i o n  3.5.1. Spec ia l  con- 
t r o l ,  monitor ing,  and communications 
requirements involved when moving o f f -  
t r a c k  equipment under an energized 
t r o l l e y  wire  a r e  descr ibed  i n  paragraph 
4.4.3d of chapter  4. 

A l l  o t h e r  forms of haulage systems 
a r e  grouped i n t o  t h e  non t ro l l ey  category. 

The reason f o r  t h i s  i s  because t h e  solu- 
t i o n s  t o  t h e  communication requirements 
i n  t h e s e  systems a r e  s imi l a r .  Nontrol ley 
haulage systems include t h e  following: 

R a i l  veh ic l e s  wi th  self-contained 
power sources  ( b a t t e r y  o r  d i e s e l  
powered). 

A l l  rubber - t i red  vehic les .  

Communication systems app l i cab le  t o  
non t ro l l ey  haulage systems a r e  descr ibed 
i n  s e c t i o n  3.5.2. 

3.5.1 Tro l ley  Haulage 

A s  previously mentioned, c a r r i e r  
phones a r e  usua l ly  used t o  s a t i s f y  t h e  
communication requirements i n  haulage- 
ways where r a i l  veh ic l e s  t h a t  draw power 
from an overhead t r o l l e y  wire  a r e  used. 
One reason c a r r i e r  phones have become so  
popular is  t h a t  they ope ra t e  over t h e  
e x i s t i n g  t r o l l e y  wire  dc power c i r c u i t s  
t o  provide two-way voice  communication 
between t h e  t racked veh ic l e s  and wi th  
f i x e d  s t a t i o n s  i n  t h e  mine. No addi- 
t i o n a l  wi res  o r  cables  must be i n s t a l l e d  
i n  t h e  mine. In  underground mining, 
t h e s e  c a r r i e r  systems a r e  used exten- 
s i v e l y  f o r  t r a f f i c  con t ro l  of t h e  t racked 
haulage equipment and personnel  c a r r i e r s .  
These phones a r e  FM push-to-talk 
t r ansmi t t e r - r ece ive r  u n i t s  designed f o r  
common t a l k  (pa r ty  l i n e )  operat ion.  

Carrier frequency couplers  cons is t -  
i ng  of bypass capac i to r s  a r e  used t o  pro- 
v ide  con t inu i ty  of t he  RF s i g n a l  pa th  
between sec t ions  of t r o l l e y  served by 
d i f f e r e n t  dc power centers .  These car- 
r i e r  systems t y p i c a l l y  ope ra t e  i n  t h e  
60- t o  200-kHz range. (See s e c t i o n  2.4 
f o r  b a s i c  theory of opera t ion  of c a r r i e r  
c u r r e n t  phone systems.) 

The c a r r i e r  phone loca t ed  on each 
t racked  veh ic l e  is pr imar i ly  used f o r  
c o n t r o l  of veh ic l e  t r a f f i c .  A l l  vehi- 
c l e s  a r e  kept  i n  communication wi th  each 
o the r  and t h e  d i spa t che r  over t he  s ing le -  
channel  ( p a r t y  l i n e )  c a r r i e r  phone 
system. This  single-channel network 
keeps t h e  d i spa t che r  and a l l  motormen i n  



cont inuous con tac t  w i th  one another  s o  
t h a t  right-of-way and t h e  d i s p o s i t i o n  of 
haulage c a r s  w i l l  be known t o  a l l .  One 
inhe ren t  advantage of t h e  t r o l l e y  c a r r i e r  
phone system is  t h a t  i t  is  a  p a r t y  l i n e  
system. I n  c e r t a i n  a p p l i c a t i o n s ,  t h i s  
would be a  disadvantage s i n c e  p r i v a t e  
communication channels  a r e  no t  ava i l ab l e .  
For haulageway t r a f f i c  c o n t r o l ,  however, 
i t  is  b e n e f i c i a l  i f  each motorman does 
hea r  conversa t ions  between o t h e r  motormen 
and t h e  d i spa tcher .  This  phone system 
a l s o  al lows t h e  d i s p a t c h e r  t o  n o t i f y  a l l  
motormen of any mine emergency. The two 
drawbacks t o  t h i s  system fol low: 

T r o l l e y  wi re  power f a i l u r e s ,  which 
cause  t h e  c a r r i e r  communication system t o  
go dead un le s s  backup b a t t e r i e s  a r e  
i n s t a l l e d .  

Dead zones,  which a r e  s e c t i o n s  of 
t r a c k  where t h e  phone i s  inope ra t i ve  due 
t o  excess  e l e c t r i c a l  n o i s e ,  excess  a t t e n -  
u a t i o n  of s i g n a l  s t r e n g t h ,  o r  s t and ing  
wave e f f e c t s .  

The f i r s t  drawback, l o s s  of communi- 
c a t i o n  due t o  power outage,  can be cor- 
r e c t e d  by t h e  use  of backup b a t t e r i e s  i n  
each  v e h i c l e  ( r equ i r ed  by law i f  t h e  
c a r r i e r  c u r r e n t  system is  t h e  only com- 
munication system i n  t h e  mine). The 
backup b a t t e r i e s  would normally be 
t r ick le -charged  t o  f u l l  c apac i ty  and then  
maintained a t  f u l l  charge. I n  t h e  event  
o f  a  power f a i l u r e  on t h e  t r o l l e y  w i r e ,  
t h e  backup b a t t e r i e s  would au tomat ica l ly  
power t h e  c a r r i e r  phones and al low f o r  
vo i ce  communications f o r  many hours. 
Because t h e  haulage system is  v i t a l  t o  
mine ope ra t i ons ,  extended power outages 
on  t h e  t r o l l e y  l i n e  a r e  not  t o l e r a t e d .  
Any t r o l l e y  power f a i l u r e  i s  immediately 
recognized and co r r ec t ed  a s  soon a s  pos- 
s i b l e .  Thus, communication outages due 
t o  power f a i l u r e s  a r e  minimal. 

The second problem as soc i a t ed  w i th  
some c a r r i e r  phone systems i s  t h a t  of 
"dead zones." There a r e  a r e a s  where two- 
way communication between a  v e h i c l e  and a  
d i s p a t c h e r  o r  between v e h i c l e s  is not  
poss ib le .  Dead zones a r e  caused by 
extreme a t t e n u a t i o n  of s i g n a l s ,  excess  
n o i s e ,  s t and ing  waves, and/or inadequate  

sque lch  cont ro l .  The most s i g n i f i c a n t  
of t h e s e  causes  is  t h e  extreme a t tenua-  
t i o n  of t h e  c a r r i e r  phone s i g n a l s  on t h e  
t r o l l e y  wi re - ra i l .  The t r o l l e y  wire- 
r a i l  i s  a  poor r ad io  frequency t rans-  
mission l i n e  f o r  s e v e r a l  reasons ,  t he  
most dominant of which is  t h e  presence 
of many br idg ing  loads  between t h e  t r o l -  
l e y  wi re  and r a i l .  Branches and t h e  l ack  
of good e l e c t r i c a l  t e rmina t ions  cont r ib-  
u t e  t o  t h e  problem a s  wel l .  The bridg- 
i n g  l oads ,  which both absorb and r e f l e c t  
power, comprise such items a s  personnel  
h e a t e r s ,  r e c t i f i e r s ,  pumps, haulage ve- 
h i c l e s  (motors) ,  locomotive and jeep  
l i g h t s ,  i n s u l a t o r s ,  s i g n a l  and i l lumina-  
t i o n  l i g h t s ,  and even t h e  c a r r i e r  phones 
themselves. 

Because of t h e  importance of good 
communications i n  t h e  haulageways and 
because a  l a r g e  number of mines use car-  
r i e r  phones t o  meet t he se  requirements ,  
many programs have been sponsored t o  
improve t r o l l e y  c a r r i e r  phone systems. 

One program was designed t o  (1)  
i d e n t i f y  poor performance of t r o l l e y  car-  
r ier  phone systems, (2)  a s s e s s  t h e  causes  
of poor performance and c l a s s i f y  them on 
t h e  b a s i s  of equipment, coupl ing,  o r  
t ransmiss ion  problems, and (3)  propose 
and v e r i f y  t h e  means t o  overcome these  
problems. 

F igure  3-20 i l l u s t r a t e s  t h e  s igna l -  
a t t e n u a t i o n  r a t e  f o r  an "unloaded" 
t r o l l e y  w i r e - r a i l  t ransmiss ion  l i n e ;  a  
band of r a t e s  is  shown because t h e  a c t u a l  
r a t e  depends on t h e  conduc t iv i t y  of t h e  
surrounding medium. I f  an a t t e n u a t i o n  
r a t e  of 1 d ~ / k m  i s  used,  a  t r o l l e y  car-  
r i e r  phone l i n e  having an al lowable 
t ransmiss ion  l o s s  of 70 dB (from 25 v o l t s  
t o  8 m i l l i v o l t s )  y i e l d s  a  communication 
range of 70 km (43 mi les ) .  This perform- 
ance, i n  t h e  absence of b r idg ing  loads ,  
can be compared wi th  t h a t  of a  sample 
t r o l l e y  w i r e - r a i l  loaded a s  i l l u s t r a t e d  
i n  f i g u r e  3-21. Here, j u s t  t h r e e  bridg- 
i n g  loads  of modest va lue  ( t y p i c a l  of 
v e h i c l e s  and personnel  h e a t e r s )  reduce 
t h e  s i g n a l  55 dB over a  d i s t a n c e  of j u s t  
4,500 f e e t .  The f i g u r e  a l s o  shows t h e  
s i g n a l  l e v e l  t h a t  would e x i s t  over t h e  
same d i s t a n c e  on a  properly terminated 
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trolley wire-rail without bridging loads. 
With such signal reductions, it is easy 
to see why it is difficult to obtain 
long-range transmission of carrier sig- 
nals using the trolley wire. 

There is one approach that appears 
to have merit in overcoming the excep- 
tionally high attenuation rates that can 
be expected on the trolley wire-rail--the 
dedicated wire technique. 

3.5. la Dedicated Wire 

The best approach to overcoming the 
extremely high attenuation rates imposed 
by bridging loads is a single-purpose, or 
"dedicated," wire. The characteristics 
of an unloaded trol1,ey wire-rail are such 
that it forms a low-loss transmission 
line. Therefore, a separate wire strung 
in an entryway, with the same rail return 
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path as the trolley wire but unloaded by 
any bridging loads, would similarly serve 
as a low-loss line. Such a configuration 
forms a three-wire transmission line. 

- THEORY 1 

Studies have shown that the primary 
mode of propagation for such a configura- 
tion is a low-loss mode supported by the 
dedicated wire, with the rails serving as 
the return signal path. The signal im- 
provements that can be expected from such 
a configuration are illustrated in figure 
3-22, which shows the voltage signal 
strength versus the distance along a 
heavily loaded trolley wire-rail with a 
parallel dedicated wire. 

0 4460 
DISTANCE ALONG LlNE - FEET 

Four separate conditions of trans- 
mission and reception are shown in 
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figure 3-22. For example, if the dis- 
patcher transmits on the dedicated wire 
and the motor operators receive on the 
trolley wire, then the dispatcher's 
transmission will produce a curve of 
trolley signal level versus distance like 
curve B. At a distance of approximately 
12.5 miles the dispatcher's signal shows 
only a loss of 50 dB. The remaining sig- 
nal level is entirely adequate for opera- 
tion of the carrier phones, since the 
allowable transmission loss is about 70 
dB. 

The crosshatched area between 
curves C and D illustrates the improve- 
ment that can be obtained when both the 
dispatcher and motor operators still 
transmit and receive on the trolley wire 
but when a dedicated wire has been in- 
stalled along the haulageway. 

Curve A shows the signal loss be- 
tween fixed base stations, both of which 
can transmit and receive over the dedi- 
cated wire. 

The dedicated wire is installed with 
no direct connection to the trolley wire- 
rail; however, a strong electromagnetic 
coupling exists between the dedicated 
wire-rail and the trolley wire-rail, 
simply because of their physical proxim- 
ity. Thus, the dedicated wire is not 
jeopardized by direct coupling to the 

high-voltage trolley wire and is not 
influenced by its loads. 

Tests indicate that excellent re- 
sults can be obtained with a dedicated 
wire. The dedicated-wire concept permits 
installation of a transmission line with 
controlled branching that can be termi- 
nated to avoid standing-wave patterns. 
The price paid is that the wire has to be 
installed and maintained in a haulageway. 

A recent study (26) '  recommends that 
the dedicated-wire mesod is usually the 
most effective and practical way of up- 
grading trolley carrier phone systems. 

.Another research program provided a 
set of five guidelines for operat- 
ing personnel to improve their carrier 
phone systems. These guidelines give 
detailed instructions for installing 
trolley carrier phone equipment onboard 
mine vehicles and at the dispatcher's 
room, converting a rail haulage trolley 
wire-rail and feeder system into a 
functional carrier-frequency-transmission 
line, checking the performance of the 
trolley carrier phone system, and using 
portable test equipment to aid in system 
maintenance. A detailed description of 
the conclusions and the recommendations 
set forth in these guidelines are pre- 
sented in chapter 6 of this manual. 

Rather than offering detailed com- 
ments on the contents of each of these 
guidelines here, we focus on just one 
aspect of the guideline concerned with 
converting the trolley wire-rail into an 
efficient transmission line. In the pre- 
ceding discussion on the causes of poor 
performance, the extremely poor propaga- 
tion characteristic of the trolley wire- 
rail was cited. Apparently, this poor 
propagation dominates in determining the 
performance of trolley carrier phone sys- 
tems. Thus, it is appropriate that seri- 
ous consideration be given to determining 
the signal and noise levels on each 
trolley wire system. Signal strength and 

underlined numbers in parentheses 
refer to items in the bibliography at the 
end of this chapter. 



electromagnetic noise level measurements 
should be made at points along the 
trolley and noted on a mine map. The 
procedure is simple. The dispatcher's 
transmitter is used as the signal source, 
and both the strength of the signal along 
the haulageway and the corresponding 
noise level are measured. This measure- 
ment is conveniently made by equipping a 
jeepwith a tuned voltmeter. The jeep 
moves along the haulageway, stopping at 
intervals of about 2,000 feet. The opera- 
tor calls the dispatcher and asks for a 
10-second keying-on of his transmitter. 
The received voltage on the tuned volt- 
meter is noted on a mine map, and the 
noise level is also noted. This map then 
identifies regions of the mine where ex- 
cess noise may be the problem, as well as 
regions where weak signal levels cause 
problems. The map also aids in identify- 
ing the key bridging loads branches, or 
unterminated lines that can cause prob- 
lems. This signal- and noise-mapping 
process is the key to identifying the ma- 
jor causes of poor signal reception in a 
particular mine. 

Once the probable source of diffi- 
culty has been identified, the remaining 
part of the guidelines can be consulted 
to determine possible ways of treating 
the problem. For example, if a rectifier 
is affecting signal propagation, the 
guidelines provide three different ways 
to treat the rectifier to reduce the 
problem. 

3.5.lb Summary 

Comnications with moving tracked 
vehicles in a rail haulage mine pose a 
difficult problem. These comrrmnications 
take place from dispatcher to vehicles or 
from vehicle to vehicle via the trolley 
line, which is a very poor communications 
line. As a result, dead spots and high- 
noise areas can occur anywhere along the 
line; also, signal strength can decrease 
simply as a function of distance. 

Although trolley carrier phone sys- 
tems leave much to be desired for haul- 
ageway communications, the fact remains 
that they do represent one practical 

means of dispatcher-vehicular communica- 
tions. Most problems associated with 
these systems are transmission line re- 
lated; a trolley line was never intended 
to be a good communications line, and it 
certainly is not. However, techniques do 
exist for improving overall communica- 
tions. These techniques can be easily 
implemented, and the results are often 
excellent. 

3.5.2 Nontrolley Haulage 

An increasing number of both newly 
developed and older mines have been aban- 
doning tracked trolley vehicles and are 
conducting their haulage, maintenance, 
and personnel transport operations with 
other types of vehicles. Obviously, com- 
munications to and from vehicles operat- 
ing independently of a trolley wire can- 
not be implemented by the trolley carrier 
phones discussed in the previous section. 

Communication systems required for 
battery- or diesel-powered rail vehicles 
or rubber-tired vehicles have one common 
characteristic. Because these vehicles 
are not physically attached or connected 
to any wiring or other conductor in the 
mine, some form of radio link must be 
utilized to establish the final voice 
link with the vehicle. If voice communi- 
cation exists from a nontrolley vehicle, 
then an antenna-radio link of some form 
must be used to replace the direct con- 
nection provided by the trolley wire. 

Several methods exist for providing 
comnarnication between nontrolley mining 
vehicles. Studies have been conducted of 
high-frequency systems utilizing the so- 
called leaky-coax cable to carry signals 
throughout a mine. Other studies in the 
wireless radio area have shown that at 
medium frequencies, signals follow the 
existing mine wiring for great distances. 

3.5.2a Leaky-Coax Systems 

A leaky coax is a special type of 
coaxial cable that allows radio frequency 
signals to leak into and out of itself. 
With this type of cable, signals can be 
transmitted to and received from mobile 



radio units near the cable. Leaky coax 
is therefore ideally suited for haulage 
applications. In effect, the cable 
guides the radio signals down the tunnel 
(fig. 3-23). Although signal strength 
does attenuate along a cable run, re- 
peaters or in-line amplifiers can be used 
to extend the range of coverage. Several 
techniques have been used: 

1. Borrowing from conventional 
mobile radio communications practice, 
individual fixed-base stations can be 
installed at intervals as necessary to 
provide the total range, all stations 
being under a common remote control with 
the first. Such a system has been in use 
at a British mine since 1970. 

2. A series of one-way in-line 
repeaters, such as the daisy-chain system 
shown in figure 3-24, is effective; it 
does have a slight disadvantage in that 
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an audio return line is required and, 
when branches are required, the system 
can become complex. 

3. Multiple-frequency repeater 
schemes (fig. 3-25) have also been used 
successfully; the simplest uses one 
transmitter and one receiver. 

Communication benefits of a leaky- 
coax system are typified by one system 
developed for an iron ore mine (block- 
caving operation) using rubber-tired, 
diesel-powered vehicles. The system 
chosen to satisfy the communication 
requirements at this mine consisted of a 
UHF leaky-coax system. Figure 3-26 is a 
simplified diagram of the system. 

In addition to providing communica- 
tion to personnel carriers, maintenance 
and production vehicles, and the 
ambulance (fig. 3-27), the system pro- 
vides communications for roving miners, 
foremen, fan-hole-drill operators, and 
supervisors. Communication requirements 
were satisfied by using (1) UHF wire- 
less radio, (2) a radiating coaxial cable 
or "leaky" transmission line to carry 
the signal throughout the haulage and 
subdrifts of the mine, (3) interconnected 
VHF and UHF repeaters, (4) portable 
transceivers, and (5) vehicle-mounted 
transceivers. 
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I r e p e a t e r s  t ransmi t  on F2 and rece ive  on 
I 

ROVING 
F1 a s  shown i n  f i g u r e  3-28. The VHF re- 

FAN HOLE 
DRILL I MINER 

OPERATOR 
p e a t e r s  use f requencies  F3 and F4 t o  in-  
te rconnect  t he  two UHF zones. Each UHF- 
VHF r epea t e r  s t a t i o n  can simultaneously 
t ransmi t  and rece ive  on both UHF and VHF. 

ZONE I ZONE 

system. 

I The mobile rad ios  t ransmit  on F1 and / S ~ ~ ~ l ~ ~  1 / ' goes rece ive  t o  on t h e  F2. r e p e a t e r s ,  A l l  information then back the re fo re  t o  a l l  

As an example, suppose t h a t  a mobile 
r a d i o  i n  zone A wants t o  t a l k  t o  a roving 
miner equipped wi th  a po r t ab l e  r ad io  i n  
zone B. The opera tor  i n  zone A keys 
h i s  r ad io  and t a l k s  i n t o  h i s  microphone 
t o  t ransmi t  h i s  message on UHF F1. The 
UHF s i g n a l  i s  coupled t o  t h e  leaky coax 
and t ra-vels  t o  t h e  UHF-VHF r epea t e r  i n  
zone A. Repeater A rebroadcas ts  the  mes- 
sage back t o  zone A on UHF F2 and a l s o  
sends the  message t o  t h e  r epea t e r  i n  
zone B on VHF F4. This s i g n a l  t r a v e l s  on 
t h e  coax ia l  cab le  t o  UHF-VHF r epea t e r  R 
where i t  i s  picked up by the  VHF re-  
ce ive r .  The s i g n a l  is  then  converted t o  
UHF F2 and routed onto t h e  leaky coax f o r  
d i s t r i b u t i o n  i n  zone B. 

o t h e r  u n i t s .  The po r t ab l e  rad ios  a r e  
a l s o  capable of t r ansmi t t i ng  on F2 and 
t h e r e f o r e  a r e  a b l e  t o  t a l k  t o  one another  
without  t h e  r epea t e r s  on a l o c a l  simplex 
bas i s .  Audio c o n t r o l  l i n e s  a r e  provided 
from the  crusher  console t o  r epea t e r  
s t a t i o n  A and from the  su r f ace  guardhouse 
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VEHICLE l o c a t i o n s  a s  we l l  a s  an important emer- 

FIGURE 3-26. - RF leaky-coax communication gency l i n k  t o  t h e  sur face .  
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The mine was d iv ided  i n t o  two RF re- 
g ions ,  wi th  each reg ion  (zone) conta in ing  
one UHF-VHF r epea t e r  s t a t i o n  and assoc i -  
a t e d  runs  of leaky coax. The system of 
cab le s  e f f e c t i v e l y  wires  t he  mine f o r  UHF 
s i g n a l s  between po r t ab l e  and mobile un- 

FI I i t s .  Each r e p e a t e r  s t a t i o n  can r ece ive  
and t ransmi t  s i g n a l s  on t h e  cable  a t  both 

t o  t h e  s h a f t  bottom s t a t i o n ,  thus provid- 
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UHF and VHF. VHF s i g n a l s  a r e  used on 
t h e  cable  a s  a communication l i n k  between REPEATER A REPEATER B 

t h e  s t a t i o n s ,  while  t h e  UHF is  used f o r  
t h e  communication l i n k  t o  and from t h e  
po r t ab l e  and mobile u n i t s .  The two UHF FIGURE 3-28. - UHF-VHF repeater system. 
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For this type of installation, 
specifications recommended that the cable 
be supported every 5 feet. To avoid 
installing a large number of anchors in 
the rocks, a 3116-inch steel messenger 
wire was attached at 20-foot intervals to 
roof-bolt-supported T-bars (fig. 3-29). 
The cable was then strapped to the mes- 
senger wire with standard cable ties. 

A vehicle-mounted work platform, 
which could be mechanically raised or 
lowered and which was equipped with a 
frame for supporting cable reels, facili- 
tated cable installation. The factory 
cut the cable to predetermined lengths, 
installed connectors, and tagged the 
cable with location identifiers. In mine 
areas that were so far removed from the 
main cable that radio transmissions could 
not be established, a stub cable was 
installed with one end connected through 
a power divider to the main cable and the 
other end terminated with an antenna. 

3.5.2b UHF Reflective Techniques in 
Underground Mines. 

UHF radio (300 mHz to 3 gHz) is the 
only way of achieving true radio propaga- 
tion in an underground mine. Propagation 
is possible because the mine entries 
function as waveguides that confine the 
transmitted energy. Several thousand 
feet of range, line-of-sight, is often 
possible without leaky feeder cables if 
the entries are large enough. 

FIGURE 3-29. - Radiax cable ins ta l la t ion  on 

However, the nature of UHF is such 
that propagation around bends and corners 
introduces tremendous signal losses. In 
this regard, it is similar to the trans- 
mission of light and, like light, it can 
be reflected by flat metallic surfaces. 
These characteristics of UHF make possi- 
ble a whole-mine communication system 
that does not rely on leaky feeder ca- 
bles. The Bureau of Mines evaluated such 
a system in an underground limestone mine 
that had large dimension haulageways. A 
UHF reflective radio sysrem was designed 
to allow communication between super- 
visory personnel, maintenance personnel, 
haulage operators, and surface opera- 
tions. Communication was also provided 
between the hoist operator and slope car 
occupants. A closed circuit television 
(CCTV) system allowed continuous, remote 
visual monitoring of critical belt trans- 
fer points and underground dust disposal 
operations. 

The Black River Mine was selected as 
a typical metal-nonmetal room and pillar 
mine. It is nearly 4,000 feet in diam- 
eter, 650 feet deep, and has essentially 
straight crosscuts approximately 30 feet 
wide and 24 to 40 feet high with pillars 
approximately 35 feet square. Entry is 
through a 2,200-foot slope by means of a 
single drum, hoist-powered flat car and 
enclosed man carrier. Rubber tired, die- 
sel powered mine vehicles travel along 
designated haulage and travel roads from 
the active faces on the mine's perimeter 
to two rock crushers, the shop area, and 
the base of the slope. 

Tests of communication between hand- 
held, 2-watt UHF transceivers in the room 
and pillar limestone mine were satisfac- 
tory for approximately 2,000 feet through 
straight haulageways but the range of 
commnication at right angles to haulage- 
ways into intersecting crosscuts was 
quite limited. It was evident that the 
radiation from the transceivers was not 
being reflected by the limestone pillars 
into the intersecting crosscuts. 

To improve communication in inter- 
secting haulage roads, 27 passive re- 

messenger wire. flectors were designed and installed at 



major i n t e r s e c t i o n s .  The r e f l e c t o r s  were 
formed from 4- by 8-foot s h e e t s  of No. 16 
gage s o f t  aluminum s h e e t  t h a t  were sus-  
pended from wi r e s  a t t a c h e d  t o  roof p l a t e s  
and b o l t  anchors.  The roof he igh t  was 
s u f f i c i e n t  t o  a l low haulage v e h i c l e  
c l ea r ance  a t  each i n s t a l l a t i o n .  Two d i s -  
t r i b u t e d  antenna systems were designed 
t o  provide e i t h e r  an  antenna o r  r e f l e c -  
t o r  a t  t h e  i n t e r s e c t i o n  of p r i n c i p a l  
haulage and t r a v e l  roads.  Each antenna 
system c o n s i s t e d  of approximately 1,200 
f e e t  of 718-inch low l o s s  foam d i e l e c t r i c  
t r ansmis s ion  l i n e  which f e d ,  through 2:l  
power d i v i d e r s ,  f ou r  5-dB g a i n  mobile 
whip antennas t h a t  were suspended a t  
i n t e r s e c t i o n s .  

A l eaky  c o a x i a l  c a b l e  anatenna sys- 
tem a long  t h e  p r i n c i p a l  haulage and 
t r a v e l  roads was considered bu t  r e j e c t e d  
because t h e  range of communication a t  
r i g h t  ang l e s  t o  t h e  leaky  cab l e  i n t o  in-  
t e r s e c t i n g  c r o s s c u t s  would have been much 
l e s s  t han  t h e  range of communication from 
antennas.  The leaky  cab l e  system is  
a p p r o p r i a t e  f o r  long t unne l s  but  no t  f o r  
i n t e r s e c t i n g  roads i n  a room and p i l l a r  
geometry. Also,  a l eaky  cab l e  would be 
more expensive.  

One c e n t r a l ,  o r  "backbone" c o a x i a l  
c a b l e  c a r r i e d  60 Hz power, r a d i o  s i g n a l s ,  
and CCTV s i g n a l s  f o r  t h e  e n t i r e  system. 
Redundant rou t i ng  of t h e  backbone cab l e  
i n s u r e d  cont inued system ope ra t i on  i n  t h e  
even t  of a c a b l e  break. 

Fourteen 11-watt mobile r a d i o s  
equipped w i th  au tomat ic  i d e n t i f i c a t i o n  
and emergency a la rm encoders were in-  
s t a l l e d  on v e h i c l e s  i n  t h e  mine. The en- 
coders  a r e  used on mine haulage t r u c k s  t o  
au toma t i ca l l y  send t h r e e  s t a t u s  s i g n a l s ;  
t r u c k  bed up (dumping) , t r uck  bed down, 
and h o t  engine.  This  in format ion  is  d i s -  
played by number codes a long w i th  t h e  
t r u c k ' s  i d e n t i f i c a t i o n  number on d i s p l a y  
u n i t s  i n  t h e  engineer ing  o f f i c e  above 
ground and t h e  mine foreman's o f f i c e  un- 
derground. A record  of a l l  c a l l s ,  s t a -  
t u s ,  and a la rm messages i s  au toma t i ca l l y  
p r i n t e d  i n  t h e  engineer ing  o f f i c e .  

F i f t e e n  2-watt p o r t a b l e  t r a n s c e i v e r s  
equipped wi th  automatic  i d e n t i f i c a t i o n  
and emergency alarm encoders  a r e  used by 
mine department heads,  foremen, and per- 
sonne l  i n  t h e  mine. 

S igna l  margin measurements of t h e  
base- repea te r  s t a t i o n  s i g n a l s  a long 
haulage and t r a v e l  roads were made a f t e r  
bo th  d i s t r i b u t e d  antenna systems had 
been completed, which demonstrated t h a t  
approximately 75% of t h e  mine a r e a  re- 
ce ived  s a t i s f a c t o r y  s i g n a l s ,  bu t  a c t i v e  
mining a r e a s  a long t h e  per imete r  of t h e  
mine were no t  adequately  served. The 
d i s t r i b u t e d  antenna system would have 
t o  be extended t o  s e r v e  a d d i t i o n a l  anten- 
n a s  nea r  t h e  mine faces .  However, t he  
c a b l e  a t t e n u a t i o n  would d r a s t i c a l l y  re- 
duce t h e  power r a d i a t e d  from t h e  antennas 
and t h e  s i g n a l s  rece ived  from t h e  mobiles 
and p o r t a b l e s  s o  t h a t  very l i t t l e  im- 
provement would be r e a l i z e d .  Addi t iona l  
base-repeater  s t a t i o n s  were cons idered ;  
however, t h e  added complexity and c o s t  of 
mu l t i p l ex ing  equipment and f o r  extending 
t h e  backbone cab l e  c o n t r o l  system s t i m -  
u l a t e d  t h e  development of a low-cost, 
two-way mult ichannel  s i g n a l  boos t e r  sys- 
tem. A p ro to type  s i g n a l  boos t e r  was con- 
s t r u c t e d  and t e s t e d .  S ix  a m p l i f i e r  s i g -  
n a l  boos t e r s ,  10,000 f e e t  of c ab l e ,  and 
16 a d d i t i o n a l  antennas were i n s t a l l e d  i n  
t h e  mine. Subsequent s i g n a l  measurements 
showed adequate  coverage of a l l  d e s i r e d  
a r ea s .  

3 . 5 . 2 ~  Dedicated-Wire Radio Systems 

It is p o s s i b l e  t o  use  t r o l l e y  car-  
r i e r  c u r r e n t  t echniques  and hardware t o  
communicate w i th  v e h i c l e s  t h a t  do no t  use  
a t r o l l e y  l i n e ,  such a s  battery-powered 
r a i l e d  o r  rubber - t i red  veh i c l e s .  How- 
eve r ,  i n  t h i s  c a se ,  a "dedicated wire"  is 
e s s e n t i a l  f o r  proper  opera t ion .  Such a 
system is  shown i n  f i g u r e  3-30. 

The ded ica ted  wi re  t a k e s  t h e  p lace  
of t h e  t r o l l e y  l i n e .  However, s i n c e  t h e  
c a r r i e r  phone on t h e  j e ep  communicates 
w i th  t h e  ded ica ted  wi re  by a loop 
an tenna ,  i n s t e a d  of touching i t  l i k e  i t  
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FIGURE 3-30. - Ded icated-wire radio system. 

would a t r o l l e y  l i n e ,  t h i s  system is  r e l -  
a t i v e l y  i n e f f i c i e n t .  I n  gene ra l ,  it is 
u s u a l l y  necessary f o r  t h e  loop antenna t o  
be  r a t h e r  c l o s e  t o  t h e  dedica ted  wi re  f o r  
commnica t ions ,  This  problem is caused 
i n  p a r t  by t h e  f a c t  t h a t  c a r r i e r  phones 
were never  intended t o  use  antennas,  and 
cannot  ope ra t e  a t  high enough f r equenc i e s  
t o  make t h i s  approach e f f i c i e n t ,  

However, r e sea rch  has  shown t h a t  
such a system ope ra t e s  w e l l  i f  medium 
f r equenc i e s  a r e  used, These f r equenc i e s ,  
u s u a l l y  around 500 t o  900 kHz ( a s  opposed 
t o  100 kHz t y p i c a l  of t r o l l e y  c a r r i e r  
phones) can o p e r a t e  wi th  loop antennas 
very e f f i c i e n t l y ,  Considerable  r e sea rch  
i s  being done by i n d u s t r y  and t h e  Bureau 
o f  Mines t o  develop whole-mine medium- 
frequency s y s  tems , 

3,5,2d Wireless Radio System 

An obvious advantage of any t r u e  ra-  
d i o  system i s  t h a t  t h e  system r e q u i r e s  no 
t r ansmis s ion  l i n e s  o r  cab l e s ,  These sys- 
tems a r e  immune t o  communication outages 
caused by l i n e  breaks due t o  roof f a l l s  
o r  damage from machinery. However, t h e  
underground mining indus t ry  cannot t a k e  
f o r  g ran ted  t h e  u t i l i z a t i o n  of w i r e l e s s  
commnica t ions  a s  can t h e i r  coun te rpa r t s  
on t h e  su r f ace ,  A s  an  example, a t  CB ra-  
d i o  f r equenc i e s ,  r e l i a b l e  communication 
i n  a mine e n t r y  is l i m i t e d  t o  about 100 
f e e t ,  Two op t ions  a r e  a v a i l a b l e  t o  t h e  
underground mine ope ra to r :  (1)  To use  
f r equenc i e s  t h a t  a r e  high enough t o  u t i -  
l i z e  t h e  e n t r i e s  a s  waveguides, o r  (2 )  t o  
u s e  f requenc ies  t h a t  a r e  low enough t h a t  
propagat ion through t h e  e a r t h ,  o r  by par- 
a s i t i c  coupl ing,  can be insured ,  Before 

d i s cus s ing  t h e  advantages and disadvan- 
t a g e s  of each technique,  t h e  s u b j e c t  of 
r a d i o  i n t e r f e r e n c e  and s i g n a l  a t t e n u a t i o n  
i n  underground mines must be considered. 

3.5.2d.i I n t e r f e r e n c e  

During normal ope ra t i on ,  t h e  machin- 
e r y  used underground c r e a t e s  a wide range 
of many types  of i n t e n s e  e lec t romagnet ic  
i n t e r f e r e n c e  (EMI), which is a major l i m -  
i t i n g  f a c t o r  i n  t h e  range of a r a d i o  com- 
municat ion system. EM1 generated i n  
mines is gene ra l l y  a random process.  
Therefore ,  t h e  most meaningful parameters 
f o r  EM1 a r e  s t a t i s t i c a l  ones. I n  work by 
t h e  Nat ional  Bureau of Standards,  time 
and amplitude s t a t i s t i c s  have been used 
i n  o rde r  t o  unrave l  t h e  complexi t ies  of 
EM1 n o i s e  i n  mines. Without going i n t o  
t h e  d e t a i l s  of d a t a  c o l l e c t i o n  techniques 
o r  advanced s t a t i s t i c a l  a n a l y s i s ,  we w i l l  
summarize t h e  f i nd ings  and conclusions on 
EM1 a f f e c t i n g  haulageway r ad io  communica- 
t i o n s ,  Figure 3-31 shows i n t e r f e r e n c e  
l e v e l s  measured along haulageways i n  fou r  
d i f f e r e n t  mines, 

The EM1 no i se  l e v e l s  shown f o r  
mine 1 a r e  based on measurements made i n  
a mine l oca t ed  i n  southwestern Pennsyl- 
van ia ,  Room-and-pillar techniques were 
used wi th  mining accomplished us ing  a 
cont inuous miner,  s h u t t l e  c a r s ,  and e lec-  
t r i c  t r o l l e y  r a i l  haulage, 
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FIGURE 3-31. - Interference levels  measured 

along haulageways i n  four mines. 



The m a j o r i t y  of no i s e  measurements 
were made i n  an a r e a  where t h e  overburden 
ranged from 600 t o  900 f e e t .  The e n t i r e  
mine, i nc lud ing  a l l  machinery, i s  powered 
by 600 v o l t s  dc. A l l  convers ion from 
a l t e r n a t i n g  t o  d i r e c t  c u r r e n t  is done on 
t h e  s u r f a c e ,  w i th  t h e  r e s u l t  t h a t  no a c  
power i s  brought i n t o  t h i s  mine. 

The EM1 n o i s e  l e v e l s  shown f o r  
mine 2 a r e  based on measurements made i n  
West Vi rg in ia .  The c o a l  i n  t h i s  mine 
occurs  i n  a  narrow seam, approximately 
3  f e e t  t h i c k ,  and i s  c a l l e d  low coal .  
The measurements were made i n  t h e  two 
s e c t i o n s  of t h e  mine u s ing  t h e  longwall  
mining technique  where overburden was 
between approximately 900 and 1,500 f e e t .  
The mine a l s o  had seven convent iona l  
room-and-pillar s e c t i o n s .  This mine used 
250-volt dc  t r o l l e y  haulage t o  c a r r y  c o a l  
o u t  of t h e  mine, and ac-powered conveyor 
b e l t  haulage from t h e  s e c t i o n  t o  t h e  
t r o l l e y .  A l l  of t h e  s e c t i o n  longwall  
mining equipment was a c  powered, w i th  t h e  
excep t ion  of a  dc-powered c a b l e  winch 
which was used occas iona l l y  t o  advance 
p o r t i o n s  of t h e  longwall  equipment. The 
f a c e  and a s s o c i a t e d  longwall  equipment 
were 450 f e e t  long. There were a  t o t a l  
o f  s i x  e l e c t r i c  motors i n  t h e  s e c t i o n  
ranging  from 15 t o  300 hp. The shea r  and 
f a c e  conveyor were powered by 950 v o l t s ,  
and t h e  s t a g e  l oade r  and hyd rau l i c  pumps 
ope ra t ed  from 550 v o l t s .  The stepdown 
t r ans fo rmer  supplying t h e s e  vo l t ages  was 
k e p t  approximately 150 t o  700 f e e t  back 
from t h e  f a c e  and was supp l i ed  w i th  
13,200 v o l t s .  

The EM1 n o i s e  l e v e l s  shown f o r  
mine 3 a r e  based on measurements made i n  
a Pennsylvania  i r o n  mine. The l e v e l  
where measurements were taken  was approx- 
imate ly  2,300 f e e t  below t h e  sur face .  
The o r e  body is  a  l a r g e ,  f l a t ,  ova l  de- 
p o s i t  about  300 f e e t  t h i c k ,  mined by un- 
d e r c u t t i n g  and a l lowing  t h e  o r e  t o  cave 
i n t o  drawpoints  c a l l e d  e n t r i e s .  Air- 
cooled ,  V-8 diesel-powered, r ubbe r - t i r ed ,  
load-haul dump (LHD) v e h i c l e s  were used 
t o  h a u l  t h e  o r e  t o  t h e  underground crush- 
e r  and dump it  i n t o  t h e  o r e  c ru she r ;  i t  

was t r anspo r t ed  by conveyor b e l t  horizon- 
t a l l y  825 meters ,  then  l i f t e d  t o  t h e  
s u r f a c e  by a  sk ip .  The o t h e r  types  of 
haulage equipment used i n  t h i s  mine a l s o  
were d i e s e l  powered and rubber  t i r e d .  
A l l  haulageways were through r e l i a b l e  
rock o r  were heav i ly  r e in fo rced  w i th  con- 
c r e t e  and s t e e l .  The mine used a  mixture  
of incandescen t ,  mercury-arc, and f luo-  
r e s c e n t  l i g h t i n g .  

The n o i s e  l e v e l s  f o r  mine 4 were 
made i n  a  West V i r g i n i a  mine where room- 
a n d - p i l l a r  mining techniques  were used. 
The measurements were made p r imar i l y  i n  a  
s e c t i o n  where overburden was approxi- 
mately 600 t o  900 f e e t .  Mining was 
accomplished us ing  a  cont inuous miner,  
head-loader,  s h u t t l e  c a r s  (bugg ie s ) ,  con- 
veyor b e l t ,  and e l e c t r i c  t r o l l e y  haulage. 
The e l e c t r i c  t r o l l e y  and t h e  s h u t t l e  c a r s  
were powered by 300 v o l t s  dc. A l l  o t h e r  
equipment, inc lud ing  f ans  and rock dus t -  
i n g  machines, was a c  powered. 

The no i se  measurements t aken  i n  
haulageways of t h e s e  mines tended t o  show 
magnetic f i e l d  s t r e n g t h s  t y p i c a l l y  60 t o  
70 dB pA/m up t o  a  few k i l o h e r t z ,  which 
t hen  decreases  sha rp ly  above 8 t o  12 
kHz. 

As  seen  i n  f i g u r e  3-32, t h e  EM n o i s e  
ampli tude decreases  w i th  i n c r e a s i n g  f r e -  
quency; however, t h r e e  propagat ion mech- 
anisms must be considered:  (1 )  Through 
t h e  e a r t h ,  (2 )  through t h e  e n t r i e s  sup- 
por ted  by m e t a l l i c  s t r u c t u r e s  and con- 
d u c t o r s ,  and (3)  through t h e  e n t r i e s  
where they s e r v e  a s  a  "waveguide." For 
propagat ion through t h e  e n t r i e s ,  i t  would 
appear ,  from t h e  d a t a  p resen ted ,  t h a t  se- 
l e c t i o n  of f r equenc i e s  much g r e a t e r  than  
100 kHz would be d e s i r a b l e .  

For s i t u a t i o n s  i n  which t h e  propaga- 
t i o n  is  d i r e c t l y  through t h e  e a r t h ,  a t -  
t e n u a t i o n  ( s i g n a l  l o s s )  i n c r e a s e s  a s  f r e -  
quency is  increased .  Because of lower 
a t t e n u a t i o n  a t  lower f r equenc i e s ,  b e t t e r  
s igna l - to -no ise  r a t i o s  e x i s t  a t  low f r e -  
quency d e s p i t e  t h e  h ighe r  n o i s e  l e v e l s .  
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FIGURE 3-32. - EM noise amplitude decrease 

wi th  increasing frequency. 

3.5.2d.ii S igna l  At tenua t ion  i n  t h e  
Haulageway 

A s  a  r a d i o  s i g n a l  t r a v e l s  down 
a haulageway o r  t unne l ,  i t s  s t r e n g t h  
decreases .  Typica l  s i g n a l  a t t e n u a t i o n  
a long  a  s t r a i g h t  t unne l ,  f o r  t h r e e  d i f -  
f e r e n t  r a d i o  f r equenc i e s ,  is shown i n  
f i g u r e  3-32. Transmission l o s s  may be 
combined d i r e c t l y  wi th  t r a n s m i t t e r  power 
and antenna ga ins  t o  determine t h e  re- 
ceived s i g n a l  f o r  any candida te  UHF sys- 
tem. I n  terms of t ransmiss ion  l o s s ,  a  
p a i r  of 1-watt UHF walk ie - ta lk ies  has a  
range of 143 t o  146 dB. 

Figure 3-32 shows t h a t  s i g n a l  a t t e n u a t i o n  
around a  corner  is  considerable .  Because 
of t h e  high a t t e n u a t i o n  of a  s i n g l e  cor- 
n e r ,  propagat ion around mul t i p l e  corners  
i s  even more s eve re ly  a t tenua ted .  

Although i t  is an advantage t o  oper- 
a t e  a t  a  h igher  frequency i n  a  s t r a i g h t  
t unne l ,  t h e  h igher  f requenc ies  s u f f e r  
t h e  g r e a t e s t  l o s s  i n  t u rn ing  a  corner.  
Therefore ,  t h e  choice of frequency i s  
o f t e n  d i c t a t e d  by t h e  type of coverage 
des i r ed .  

Based on t h e  i n t e r f e r e n c e  and s i g n a l  
a t t e n u a t i o n  r a t e s  observed, t h e  e f f e c t i v e  
communication range f o r  UHF r a d i o s  can be 
pred ic ted .  Figure 3-33 shows t h e  pre- 
d i c t e d  range f o r  a  1,000-MHz, 1-watt 
p o r t a b l e  t r ansce ive r .  

S i g n i f i c a n t  propagat ion c h a r a c t e r i s -  
t i c s  apparent  from f i g u r e  3-32 are-- 

At tenua t ion  ( i n  d e c i b e l s )  i nc reases  
nea r ly  l i n e a r l y  w i th  i nc reas ing  d is tance .  

Transmission l o s s  decreases  s i g n i f -  
i c a n t l y  a t  a  given d i s t a n c e  a s  t h e  f r e -  
quency is  increased.  

3.5.2d.ii.i S igna l  At tenua t ion  Around 
Corners 

The presence of s toppings f o r  d i r ec -  
t i o n  of a i r f l o w ,  passages blocked by 
machinery, o r  blockage caused by a  roof 
f a l l  s e r i o u s l y  limits t h e  communication 
range of a  UHF system. Obs t ruc t ions  
h igh ly  a t t e n u a t e  a l l  UHF s i g n a l  t r a n s f e r ,  
t hus  making t h e  same systems imprac t i ca l  
f o r  some mine app l i ca t i ons .  

Observed s i g n a l  a t t e n u a t i o n  around 
a  corner  is a l s o  shown i n  f i g u r e  3-32. 
Corner a t t e n u a t i o n  is p l o t t e d  i n  deci-  
b e l s  r e l a t i v e  t o  t h e  s i g n a l  l e v e l  ob- 
se rved  i n  t h e  c e n t e r  of t h e  main tunnel .  

UOOFT 

FIGURE 3-33. - Predicted range for 1,000-MHz, 
I -wat t    or tab le transceiver. 



3.5.3 B e l t  Haulage 

Mines u s i n g  conveyor b e l t s  t o  move 
c o a l  o r  o r e  underground u s u a l l y  have a 
secondary t r a n s p o r t a t i o n  sys tem f o r  t h e  
movement of men and m a t e r i a l s .  When t h e  
man-material t r a n s p o r t a t i o n  sys tem i s  
t r a c k e d - t r o l l e y ,  t h e  obvious s o l u t i o n  t o  
haulageway communication requ i rements  i s  
t h e  t r o l l e y  phone system d e s c r i b e d  i n  
s e c t i o n  3.5.1. I f  t h e  man-material 
t r a n s p o r t a t i o n  sys tem i s  n o n t r o l l e y ,  then  
some form of r a d i o ,  l e a k y  f e e d e r ,  o r  
wired phone system i s  r e q u i r e d .  

A common p r a c t i c e  i n  mines us ing  
b e l t  hau lage  i s  t o  l o c a t e  t e lephones  a t  
t h e  i n t e r s e c t i o n s  of a l l  mains and sub- 
mains ,  and a t  t h e  head and t a i l  of a l l  
working conveyor b e l t s .  ( B e l t  f i r e s  most 
o f t e n  occur  a t  t h e s e  p o i n t s . )  I n  t h e  
absence  of t r o l l e y  phones,  b e l t  hau lage  
mines a l s o  u s u a l l y  l o c a t e  phones approxi-  
mately  every  600 f e e t  a long  t h e  b e l t s .  
These phones a r e  i n s t a l l e d  f o r  t h e  l i f e  
of  t h e  mine and a r e  seldom moved. 

Although a f u l l y  developed submain 
might have b u t t  e n t r y  p o r t s  every 
600 f e e t  a long  i t s  l e n g t h ,  t e l ephones  a r e  
r e q u i r e d  on ly  a t  t h e  a c t i v e  o r  working 
b u t t  e n t r y  p o r t s .  Th i s  u s u a l l y  l i m i t s  
t h e  maximum number of phones pe r  submain 
t o  s i x ,  owing t o  t h e  c a p a c i t y  of most 
hau lage  systems. These phones a r e  moved 
about  every y e a r  o r  s o  u n t i l  a l l  pane l s  
i n  t h e  submain have been developed. I f  a 
f e e d e r  b e l t  i s  used  i n  t h e  submain, addi-  
t i o n a l  phones a r e  recommended a t  t h e  head 
and t a i l  of t h e s e  b e l t s .  

Phones permanently i n s t a l l e d  a t  t h e  
head and t a i l ,  and a t  o t h e r  s t r a t e g i c  
l o c a t i o n s  a long  t h e  b e l t ,  u s u a l l y  meet 
t h e  communication requ i rements  d u r i n g  
normal day-to-day o p e r a t i o n s .  The draw- 
back t o  any wired phone system i s  t h a t  a 
miner  must be a t  a phone t o  make o r  
r e c e i v e  a c a l l .  Communication w i t h  b e l t  
maintenance o r  i n s p e c t i o n  personne l  mov- 
i n g  a long  t h e  haulageway can only be 
accomplished by some form of r a d i o  l i n k .  

The same systems d e s c r i b e d  i n  sec-  
t i o n  3.5.2 ( n o n t r o l l e y  haulage)  can be 
u t i l i z e d  t o  meet t h e  communication 
requ i rements  i n  b e l t  haulageways. 

3.6 S p e c i a l  Requirements 

Th is  s e c t i o n  d e s c r i b e s  ways of meet- 
i n g  t h o s e  s p e c i a l  communication r e q u i r e -  
ments n o t  d i r e c t l y  r e l a t e d  t o  t h e  mine 
e n t r a n c e  ( s e c t i o n  3 . 2 ) ,  permanent and 
semipermanent l o c a t i o n s  ( s e c t i o n  3 .3 ) ,  
mining a r e a s  ( s e c t i o n  3 . 4 ) ,  and haulage- 
ways ( s e c t i o n  3 .5) .  Major t o p i c s  
inc luded  i n  t h i s  a r e a  of s p e c i a l  r e q u i r e -  
ments i n c l u d e  communications wi th  roving 
o r  i s o l a t e d  personne l  and motorman- 
to-snapper communications. 

3.6.1 The Roving o r  I s o l a t e d  Miner 

A modern mine i s  a v a s t  underground 
complex of working s e c t i o n s ,  haulageways,  
and r e p a i r  shops ,  which extends  f o r  sev- 
e r a l  s q u a r e  m i l e s  underground. Key per-  
sonne l  may n o t  work i n  f i x e d  l o c a t i o n s ;  
f o r  i n s t a n c e ,  a s e c t i o n  foreman may be 
a s s i g n e d  t o  a s i n g l e  s e c t i o n ,  bu t  t h a t  
s e c t i o n  could embrace a v a s t  a r e a ,  o r  
maintenance personne l  o r  e l e c t r i c i a n s  
could  be anywhere i n  t h e  mine a t  any 
time. Because such personne l  a r e  impor- 
t a n t  t o  t h e  smooth o p e r a t i o n  and high 
p r o d u c t i v i t y  of a mine, c o n s i d e r a b l e  pro- 
d u c t i o n  l o s s e s  can occur  i f  they  cannot 
be l o c a t e d  when they  a r e  needed. 

I n s p e c t o r s  and o t h e r  management per-  
s o n n e l  may a l s o  be anywhere i n  t h e  under- 
ground complex. These people  need t o  
s t a y  i n  con t inuous  c o n t a c t  w i t h  t h e  com- 
municat ion c e n t e r  s o  t h a t  they  can be 
informed of any emergencies t h a t  might 
a r i s e  and /or  make management d e c i s i o n s .  

The maintenance crew i s  a l s o  sp read  
throughout  t h e  mine. To r e c e i v e  r e p a i r  
r e q u e s t s  and d i s p a t c h  h i s  crews f o r  emer- 
gency o r  nonscheduled r e p a i r  work, a 
maintenance foreman must be a b l e  t o  con- 
t a c t  i n d i v i d u a l  crew members d i s p e r s e d  
throughout  t h e  mine. 



Communication requirements t o  and 
from t h e s e  key i n d i v i d u a l s  can only be 
completely s a t i s f i e d  by a  w i r e l e s s  
( r a d i o )  paging o r  walk ie - ta lk ie  system. 
Severa l  paging systems a r e  p re sen t ly  
a v a i l a b l e  t o  meet t h e s e  requirements.  
The smal l  l i gh twe igh t  pagers  t h a t  can be 
c a r r i e d  by roving personnel  a r e  c l a s s i -  
f i e d  a s  one of t h r e e  types :  

Beepers ( c a l l  a l e r t ) .  

One-way-voice (pocket  pagers) .  

Two-way-voice (walk ie - ta lk ies ) .  

One shortcoming of t h e  f i r s t  two 
types  of systems (beepers  and pocket 
pagers)  i s  t h a t  t h e  person i n i t i a t i n g  t h e  
page has  no way of knowing i f  t h e  page 
has  been received.  This  can be espe- 
c i a l l y  c r i t i c a l  i n  t h e  ca se  of t h e  pocket 
pager systems where vo i ce  messages can be 
t r ansmi t t ed  t o  t h e  person being paged. 
Because t h e  pocket pager i s  a  rece ive-  
only device ,  t h e  person being paged can- 
no t  d i r e c t l y  n o t i f y  t h e  d i spa t che r  o r  
person making t h e  page t h a t  he  has  
rece ived  t h e  message. Therefore ,  one- 
way-voice (pocket)  pagers  should only be 
used f o r  paging messages ( " c a l l  t h e  d i s -  
pa t che r , "  " r e p o r t  t o  t h e  maintenance 
a r e a , "  e t c . ) .  I n s t r u c t i o n s  such a s  "shut  
o f f  t h e  number 2 pump" should no t  be 
g iven  us ing  one-way communication devices  
u n l e s s  i t  can be v e r i f i e d  t h a t  t h e  m e s -  
sage  was rece ived  and ac t ed  upon. The 
advantages gained by any of t h e  t h r e e  
types  of paging systems a r e  d i r e c t l y  
r e l a t e d  t o  t h e  reduced time r equ i r ed  t o  
con tac t  key i n d i v i d u a l s  when t h e i r  loca-  
t i o n  underground i s  unknown. Even w i t h  
t h e  s imp le s t  beeper systems,  t h e  person 
being paged can, w i t h i n  a  few seconds, be 
headed f o r  a  s e c t i o n  phone t o  t ake  a  
message. 

3.6.la One-Way-Voice (Pocket)  Pagers 

I n  a  mine t h a t  uses  ra i l  haulage 
v e h i c l e s  powered from an overhead t r o l l e y  
w i r e  locomotive o r  j e ep ,  c a r r i e r  phones 
al low t h e  v e h i c l e  o p e r a t o r s  t o  com- 

d i spa t che r  who c o n t r o l s  t h e  flow of 
t r a f f i c .  A s  explained i n  s e c t i o n  2.4, 
t h e  t r o l l e y  l i n e  i t s e l f  is t h e  communi- 
c a t i o n  l i n k  between a l l  t h e  veh ic l e s  and 
t h e  d i spa tcher .  

However, communication need not  be 
l i m i t e d  t o  phones connected t o  t h e  
t r o l l e y  l i n e .  A s p e c i a l  c a r r i e r - c u r r e n t  
t one  s i g n a l  can a l s o  be impressed on t h e  
t r o l l e y  l i n e ,  which w i l l  f unc t ion  a s  a  
long- l ine  antenna,  b roadcas t ing  t h e  tone  
s i g n a l  i n t o  t h e  mine where i t  can be 
rece ived  by s p e c i a l  pocket r a d i o  pagers  
( f i g .  3-34). Hardware i s  now commer- 
c i a l l y  a v a i l a b l e  t h a t  a l lows a  d i spa t che r  
t o  voice-page s e l e c t e d  i n d i v i d u a l s ,  
d e l i v e r  s h o r t  messages, o r  inform them 
where t o  go t o  r ece ive  d e t a i l e d  i n s t r u c -  
t i o n s .  F igure  3-35 is  a  block diagram of 
a  gene ra l  r a d i o  paging system based on 
c a r r i e r - c u r r e n t  techniques.  A c a r r i e r  
phone, l oca t ed  a t  some c e n t r a l  l o c t i o n  
such a s  a  d i s p a t c h e r ' s  room, is equipped 
wi th  a  smal l  pushbutton-encoder un i t .  
This  u n i t  causes  t h e  c a r r i e r  phone t o  
t r ansmi t  s h o r t  tone  b u r s t s  whose frequen- 
cy depends on which pushbutton was 
pushed. These tone  b u r s t s  a r e  t ransmi t -  
t e d  from t h e  c a r r i e r  phone i n  exac t ly  t he  
same way t h a t  a  vo ice  s i g n a l  would be 
s e n t  out .  

FIGURE 3-34. - Miner equipped with  pocket 
municate wi th  each b t h e r  and wi th  a  radiopager. 
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FIGURE 3-35. - Block diagram of general radio- 
paging system. 

The pocket r e c e i v e r s  t h a t  have been 
developed t o  respond t o  t h e s e  tones  a r e  
r e a l l y  sma l l  EM r a d i o  r e c e i v e r s  t h a t  a r e  
a c t i v a t e d  by t h e  t ones  and remain on f o r  
about  15 seconds.  Once t h e  tones  have 
been s e n t ,  t h e  d i s p a t c h e r  t hen  t a l k s  i n t o  
h i s  c a r r i e r  phone i n  t h e  u sua l  manner. 
Only t h e  pocket pager  a c t i v a t e d  by t h e  
t ones  w i l l  r e c e i v e  t h e  message, so  t h a t  
t h e  d i s p a t c h e r  can s e l e c t i v e l y  radio-page 
any i n d i v i d u a l .  I n  an emergency, a  spe- 
c i a l  t one  can a c t i v a t e  a l l  pagers  a t  
once. The pocket pager  i s  a  r e c e i v e r  
on ly  and cannot be used t o  t a l k  back t o  
t h e  d i spa t che r .  There fore ,  t h e  system 
should be used only f o r  paging,  no t  f o r  
g i v i n g  i n s t r u c t i o n s .  

The system shown i n  f i g u r e  3-35 i s  
designed s o  t h a t  on ly  t h e  d i s p a t c h e r  can 
i n i t i a t e  a  page,  because he  i s  t h e  only 
one who has  a  c a r r i e r  phone equipped w i th  
a n  encoder .  However, o t h e r  encoders  
could be used w i th  o t h e r  c a r r i e r  phones, 
i f  necessa ry .  F igure  3-36 shows a  system 
i n  which t h e  encoder i s  remotely accessed 
by a  d i a l  t e lephone  l i n e .  Thus, any d i a l  
t e l ephone  a s s o c i a t e d  w i th  t h e  mine 
switchboard (PBX) could be used t o  i n i t i -  
a t e  a  page wi thout  eve r  being near  t h e  
encoder .  Such a  system o f f e r s  an advan- 
t a g e  should many people  have t o  page i n t o  
t h e  mine from s e v e r a l  s u r f a c e  l o c a t i o n s .  
To o p e r a t e  t h e  system,  a  u s e r  goes t o  a  
t e l ephone  and d i a l s  t h e  number ass igned  
t o  t h e  pager he  o r  she  wishes t o  c a l l .  
The encoder  conve r t s  t h e  t e lephone  d i a l  
p u l s e s  i n t o  t ones  and t r a n s m i t s  them v i a  
t h e  c a r r i e r  phone. The t ones  t u r n  on t h e  
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FIGURE 3-36. - Block diagram of system with 
remote I accessed encoder. 

d e s i r e d  pager ,  a t  which time t h e  u s e r  can 
speak i n t o  t h e  mouthpiece t o  d e l i v e r  t h e  
v o i c e  message. 

E x i s t i n g  pager r e c e i v e r s  a r e  
equipped w i th  a  sma l l  i n t e r n a l  t imer  t h a t  
au toma t i ca l l y  t u r n s  t h e  dev ice  o f f  a f t e r  
a  p r e s e l e c t e d  t ime ,  u s u a l l y  15 seconds.  
A cont inuous "On" mode i s  u s u a l l y  no t  de- 
s i r a b l e  because i t  wastes  b a t t e r y  power. 
With t h e  au tomat ic  time-out f e a t u r e ,  ba t -  
t e r i e s  l a s t  f o r  months. However, t h e r e  
a r e  t imes  when t h e  cont inuous moni tor ing 
of t h e  r a d i o  paging system i s  important  
t o  c e r t a i n  maintenance personnel .  

A r a d i o  paging system can be oper- 
a t e d  on a  s p e c i a l  channel  ( f r equency ) ,  
o r  on t h e  r e g u l a r  channel  used by t h e  
locomotives.  The only d i f f e r e n c e  i s  t h a t  
i f  bo th  a r e  inc luded  on t h e  same r e g u l a r  
channe l ,  a l l  t h e  c a r r i e r  phones w i l l  
h e a r  t h e  paging t r a f f i c ,  but  t h e  pagers  
w i l l  h ea r  only what i s  s e n t  t o  them 
d i r e c t l y .  

A r a d i o  paging system can incor -  
p o r a t e  bo th  t h e  au tomat ic  encoded system 
( f i g .  3-36) and a roof -bo l t  antenna sys -  
tem ( f i g .  3-37). The au tomat ic  encoder 
and c a r r i e r  phone can be l o c a t e d  on t h e  
s u r f a c e ;  a l l  e l s e  i s  underground. The 
in-mine roof b o l t s  a r e  s epa ra t ed  by about 
300 f e e t  and connected t o  t h e  c a r r i e r  
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FIGURE 3-37. - Block diagram of system using 
roof-bolt-type antenna. 

phone by No. 12 wire. With this system, 
paging can be accomplished from as far as 
500 feet from a roof bolt antenna. 

Many mines use loading track loops 
for loading mined coal or ore at the sec- 
tions before transporting it to the sur- 
face. This type of operation involves 
the coordinated activities of two indi- 
viduals: a "snapper" or "swamper" who 
couples and uncouples the cars; and a lo- 
comotive operator, or motorman, who moves 
the train backward and forward at pre- 
scribed times. If the snapper is not in 
the clear when the train is moved, its 
sudden motion can injure or kill him. 
Thus, effective communication between the 
motorman and snapper is vital. 

Because of the curvature of the loop 
track (fig. 3-38) and the location of the 
locomotive on the main haulage track, the 
two individuals are not usually within 
sight or hearing of each other. Without 
communication or at least some system of 
signaling, coordination is difficult un- 
less other workers are stationed along- 
side the track to relay information. 
However, this wastes time and manpower. 
It is clear that the safety and efficien- 
cy of the loading operation would be 
vastly improved if there were a reliable 
communication link between the motorman 
and snapper, 
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FIGURE 3-38. - Diagram showing need for com- 
municat ion in haulage loop-around. 

The design of any practical system to 
meet the communication needs between mo- 
torman and snapper requires that it does 
not interfere with other communications, 
is convenient, has a restricted range so 
that similar systems can be used else- 
where in the mine, and can be built with 
commercially available hardware. Typi- 
cally, a range of 1,500 feet or less is 
all that is necessary to assure adequate 
coverage for the maximum separation be- 
tween the snapper and motorman. Two sys- 
tems that can presently be implemented 
using commmercially available hardware 
are the telephone and trolley-carrier 
phone system and the walkie-talkie radio 
system. 

3.6.2a Telephone and Trolley-Carrier 
Phone System 

In the telephone and trolley-carrier 
phone system (fig. 3-39) , the snapper 
communicates by means of a belt-carried, 

CARRIER PHONE 

FIGURE 3-39. - Telephone and trol ley-carrier 
  hone system. 



miniature mine telephone known as a belt 
phone. A phone line is installed on the 
rib or roof of the mine along one side of 
the loading track. The belt phone can be 
connected to this line by an extension 
cord that has insulation-piercing clips 
at one end. Alternatively, receptacles 
that allow the belt phone to be plugged 
in at convenient points can be provided 
on the line. 

A pager-phone-to-carrier-phone cou- 
pler connects the phone line and the 
trolley line. Phone line signals are 
converted to trolley line signals and 
vice versa by this coupler. The motorman 
communicates by a trolley phone, which 
operates on a frequency different from 
that of the haulage communications. 

CAUTION.--Indiscriminate use of this 
procedure is not recommended. MSHA 
inspectors should be consulted be- 
fore any carrier-phone-to-pager-phone 
coupling is installed. 

If duplicate systems are used in a 
mine, the range of the trolley line sig- 
nals has to be restricted by appropriate- 
ly attenuating the transmitter output. 
This system can be implemented using 
standard trolley phones and phone-line- 
to-trolley-line couplers. In addition, a 
belt phone (fig. 3-40) is now commercial- 
ly available. Equipped with a hardhat- 
mounted speaker and an adjustable-boom- 
type microphone, it has outgoing paging 
capability and will operate compatibly 
with available phone-line-to-trolley-line 
couplers. 

At least one mine has successfully 
used an interface system between the 
phone and trolley lines to provide 
motorman-snapper communication, The sys- 
tem is diagrammed in figure 3-41. A re- 
mote interface, fabricated by technicians 
at the mine, acts as a coupler between 
the trolley line and a dedicated phone 
line, The motorman can communicate via 
the existing carrier phone system, where- 
as the snapper must communicate via 

FIGURE 3-40. - Miner wearing belt  phone, 
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FIGURE 3-41. - Diagram of interface system 
between phone and trol ley lines. 

the phone line using a modified telephone 
handset. A twisted-pair phone line, with 
jackboxes connected at 50-foot intervals, 
is strung up in the loop-track area and 
connects to the dedicated phone line. 
The snapper plugs his handset into a 
nearby jackbox to establish communication 
to the motorman. 

3.6.2b Walkie-Talkie System 

The walkie-talkie radio system uses 
UHF portable radio equipment. Both the 
motorman and snapper are equipped with 
walkie-talkies (fig. 3-42). 
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FIGURE 3-42. - Motorman and snapper wa lk ie - ta lk ie  

system. 

Because of t h e  cu rva tu re  of t h e  loop 
tunne l ,  propagat ion of r a d i o  waves a t  UHF 
i s  seve re ly  r e s t r i c t e d .  I n  f a c t ,  d i r e c t  
r a d i o  communication between t h e  two in- 
d i v i d u a l s  may not  be pos s ib l e  i n  some 
cases .  However, t h i s  def ic iency  can be 
overcome wi th  a dual-frequency r ad io  re -  
p e a t e r  connected t o  a r a d i a t i n g  cable .  
The cab l e  c a r r i e s  t h e  r a d i o  s i g n a l s ,  and 
t h e  r e p e a t e r  e f f e c t i v e l y  boosts  them t o  
a h igher  power l e v e l .  The c o a x i a l  c ab l e  
extends along t h e  load ing  t r a c k  and down 
t h e  main haulageway f a r  enough t o  a s s u r e  
communication coverage t o  t h e  motorman. 
Cables s e v e r a l  hundred f e e t  s h o r t e r  can 
be used i f  an appropra te  antenna i s  con- 
nec ted  a t  t h e  end. Commercially ava i l a -  
b l e  p o r t a b l e  r a d i o  t r a n s c e i v e r s  and re-  
p e a t e r s  can be used t o  implement t h i s  
system. 

A medium-frequency r a d i o  t r a n s c e i v e r  
(520 kHz) with s u f f i c i e n t  range has  been 
developed t h a t  makes snapper-motorman 
communications p o s s i b l e  without  i n s t a l l -  
i n g  a d d i t i o n a l  cab les .  Transmission is  
a ided  by t h e  conductors  normally presen t  
i n  t h e  loop-around. 

E f f e c t i v e  communication between t h e  
snapper  and motorman can provide 
t h e  coord ina t ion  needed t o  e l i m i n a t e  

u n c e r t a i n t i e s  regard ing  t r a i n  movement i n  
t h e  mine. This r e s u l t s  i n  improved e f f i -  
c iency  and a reduc t ion  i n  t h e  num-ber of 
a c c i d e n t s  r e l a t e d  t o  t h e  load ing  opera- 
t ion. Systems can be custom made from 
a v a i l a b l e  te lephone and c a r r i e r  phone 
equipment. Leaky-feeder UHF equipment is 
s i m i l a r l y  a v a i l a b l e  f o r  custom systems. 

3.7 Emergency Communications 

There a r e  two condi t ions  under which 
a communication system should opera te .  
These a r e  normal ope ra t i ons  ( r e g u l a r  day- 
to-day opera t ion)  and emergency condi- 
t i o n s .  The need f o r  r e l i a b l e  underground 
communications fol lowing a d i s a s t e r  is 
obvious. Two major requirements f o r  any 
emergency communication system fol low: 

1. The system must work fol lowing 
t h e  d i s a s t e r .  (This  impl ies  t h a t  t he  
system worked before  t h e  d i s a s t e r  and 
t h a t  t h e  system is p ro t ec t ed  from, o r  
immune t o ,  f i r e ,  explos ion ,  roof f a l l ,  
e t c .  ) 

2. Miners must be f a m i l i a r  wi th  
ope ra t i on  of t h e  system. (Mistakes a r e  
easy  t o  make dur ing  per iods  of high emo- 
t i o n a l  s t r e s s . )  

It should be recognized t h a t  t h e r e  
a r e  advantages i n  combining any emergency 
communication system i n t o  t h e  system used 
f o r  normal day-to-day opera t ions .  I n  
t h i s  way, miners can become f a m i l i a r  
enough wi th  t he  system t o  ope ra t e  i t  dur- 
i n g  d i s a s t e r  condi t ions .  Daily use of 
t h e  system a l s o  provides  a mechanism of 
r e g u l a r  t e s t i n g ,  thus  i n su r ing  t h a t  t h e  
system w i l l  be ope ra t i ona l .  

3.7.1 Detect ing and Locating t h e  Trapped 
Miner 

The h i s t o r y  of c o a l  mine d i s a s t e r s  
has  e s t a b l i s h e d  a need f o r  a s imple,  
r e l i a b l e  system f o r  l o c a t i n g  and communi- 
c a t i n g  wi th  miners t rapped underground. 
Such a system w i l l  no t  only i n c r e a s e  t h e  
chances of a succes s fu l  rescue ,  but  w i l l  
a l s o  reduce t h e  r i s k s  t o  t h e  rescue  team 
by keeping them from search ing  t h e  wrong 
loca t ions .  



The problems of f i nd ing  miners 
t rapped underground can  be i l l u s t r a t e d  by 
a  d i s a s t e r  t h a t  occurred i n  1945, i n  
which 24 men were k i l l e d  by an explosion. 
Figure 3-43 shows t h e  l o c a t i o n  where nine 
men bar r icaded  themselves f o r  53 hours i n  
t h a t  p a r t i c u l a r  i nc iden t .  Rescue crews 
t r i e d  f o r  2 days t o  reach  t h e  a c t i v e  a r e a  
of  t h e  mine i n  5 and 6 L e f t s  while  being 
hampered by caved workings, f i r e s ,  smoke, 
g a s ,  and loose  roof .  Three days l a t e r ,  
whi le  explor ing  9 Right ,  they found foo t -  
p r i n t s .  After i n v e s t i g a t i n g ,  they found 
a  chalk-marked board i n d i c a t i n g  t h a t  f i v e  
men were i n  4 L e f t  en t ry .  I n  5 Le f t ,  
another  mark was found d i r e c t i n g  search- 
e r s  t o  second Le f t  o f f  of 5 Left .  Seven 
of  t h e  n ine  men surv ived  t h e  ordeal .  A l l  
might have l i v e d  i f  t h e i r  l o c a t i o n  had 
been known s o  they could have been 
reached sooner. The time requi red  t o  
rescue  bar r icaded  miners is  c r i t i c a l .  I n  
t h e  recorded c a s e s  of bar r icading ,  75 
percent  of t h e  su rv ivo r s  were rescued 
w i t h i n  10 hours. 

bodies 

FIGURE 3-43. - Part  of mine showing area to which 
miners retreated and erected imperfect barricade* 

Af te r  a  d i s a s t e r ,  miners who manage 
t o  escape can d i r e c t  rescue teams t o  
those  p a r t s  of t h e  mine where o t h e r s  may 
remain trapped. The na tu re  of t h e  mine 
workings and the  circumstances of t h e  
d i s a s t e r  can a l s o  be used i n  l o c a t i n g  
su rv ivo r s ,  but  a l l  of t hese  techniques 
are based on guesswork. Accurate knowl- 
edge of t h e  l o c a t i o n  of t rapped men is 
requi red  t o  i nc rease  t h e i r  chances f o r  
s u r v i v a l  and t o  reduce the  hazards t o  t he  
rescue  team t h a t  might otherwise conduct 
an unnecessary, f u t i l e  search  i n  danger- 
ous,  i n c o r r e c t  a reas .  

It is obvious t h a t  any information 
t h a t  could be exchanged between t h e  
t rapped miners and the  rescuers  during a  
rescue  e f f o r t  would be advantageous. In- 
formation such a s  unusual condi t ions  
known t o  t h e  miners t rapped,  o r  medical 
advice f o r  them t o  fol low u n t i l  a i d  
a r r i v e d ,  a r e  two examples. I n  o ther  
words, a  system t h a t  would provide the  
l o c a t i o n  of trapped miners and permit 
comrmnication wi th  them would inc rease  
t h e  p r o b a b i l i t y  of t h e i r  rescue  and a l s o  
reduce hazards t o  t h e  rescue and recov- 
e r y  team. Two systems f o r  l o c a t i n g  and 
communicating wi th  trapped miners have 
been developed: a  se i smic  system and an 
e lec t romagnet ic  system. 

The se i smic  system r e l i e s  on detec- 
t i o n  of smal l  ground v i b r a t i o n s  r e s u l t i n g  
from a miner(s)  banging on t h e  roof o r  
r i b s  wi th  some heavy objec t .  This system 
i s  p re sen t ly  ope ra t iona l  and is being im- 
proved cont inuously.  I n  t h i s  system, t h e  
t rapped miner s i g n a l s  on t h e  mine f l o o r  
o r  roof wi th  any heavy ob jec t  and se i smic  
d e t e c t o r s  (geophones) on t h e  su r f ace  a r e  
used t o  d e t e c t  t hese  s igna l s .  Computa- 
t i o n  of t h e  l o c a t i o n  of t h e  t rapped miner 
by using t h e  d i f f e r e n c e  i n  t h e  a r r i v a l  
t ime of t h e  s i g n a l s  a t  var ious  geophone 
p o s i t i o n s  on t h e  su r f ace  has been q u i t e  
succes s fu l .  A seismic l o c a t i o n  system 
has  t h e  advantage t h a t  t h e  miners do 
n o t  r equ i r e  any s p e c i a l  equipment and 
need only t o  be t r a i n e d  i n  how and when 
t o  s igna l .  The disadvantage i s  t h a t  
d i s c o n t i n u i t i e s  i n  t he  overburden can 
s i g n i f i c a n t l y  a f f e c t  rescue s i g n a l  propa- 
g a t i o n  r e l a t i v e  t o  both d e t e c t i o n  and 
computation of l o c a t i o n  of t he  s igna l .  



Addi t iona l ly ,  i n  a rescue  and recovery 
ope ra t ion ,  t h e  time requi red  t o  deploy 
and r e l o c a t e ,  i f  necessary,  a massive 
geophone a r r a y  may hamper t h e  progress  
des i red .  However, t h e  se i smic  system 
does provide t h e  t rapped miner w i th  an 
a d d i t i o n a l  degree of p r o t e c t i o n  when no 
o t h e r  method of communication can be es- 
tab l i shed .  The Mine Safe ty  and Heal th 
Administrat ion maintains  a se i smic  rescue 
system a s  p a r t  of i ts Mine Emergency 
Operat ions group. A l l  miners should ob- 
t a i n  MSHA s t i c k e r s  f o r  t h e i r  hard h a t s  
( f i g .  2-26) i n  c a s e  they  should become 
entrapped. 

The e lec t romagnet ic  system r e l i e s  on 
a smal l  vo ice  frequency (VF) t r a n s m i t t e r  
t h a t  can be c a r r i e d  by t h e  miner, and 
s u r f a c e  r e c e i v e r s  t h a t  " l i s t e n "  f o r  t h e  
s i g n a l s  broadcast  d i r e c t l y  through t h e  
e a r t h  o r  through t h e  mine workings by t h e  
miner 's  t r ansmi t t e r .  Basic  development 
of  VF EM systems is completed, and proto- 
t ype  hardware is  i n  t h e  t e s t i n g  phase. 

A t y p i c a l  trapped-miner t r a n s m i t t e r  
( f i g .  3-44) weighs one-half pound and can 
be  worn on t h e  b e l t .  Cap lamp b a t t e r y  

u n i t s  a l s o  e x i s t .  I n  an emergency, 
and when i t  i s  decided t h a t  a l l  r ou te s  of 
escape a r e  c losed ,  t h e  antenna wire i s  
uncoi led ,  l a i d  ou t  i n  a s  l a r g e  a loop a s  
poss ib l e ,  and connected t o  t h e  t rans-  
m i t t e r .  The t r a n s m i t t e r  and loop antenna 
produce a magnetic f i e l d ,  as shown i n  
f i g u r e  3-45. The d i r e c t i o n  of t hese  
s i g n a l - f i e l d  l i n e s  can be used t o  pin- 
po in t  t h e  l o c a t i o n  of t h e  underground 
loop antenna. By measurements taken on 
t h e  su r f ace ,  t he  l o c a t i o n  of t h e  antenna 
can be determined wi th in  a few f e e t .  

Af te r  d e t e c t i n g  and l o c a t i n g  a 
t rapped  miner, t h e  su r f ace  sea rch  team 
can e s t a b l i s h  a voice down-link communi- 
c a t i o n s  pa th  t o  t h e  men underground. 
This  vo ice  l i n k  is e s t a b l i s h e d  by deploy- 
i n g  a l a r g e  loop antenna d i r e c t l y  above 
t h e  t rapped miners and connected it t o  a 
very powerful ampl i f i e r  and voice system 
( f i g .  3-46). By speaking i n t o  t h e  micro- 
phone a s soc i a t ed  wi th  the  system, s t rong  
e lec t romagnet ic  s i g n a l s  a r e  generated and 
t r ansmi t t ed  by t h e  loop antenna. These 
s i g n a l s  pene t r a t e  t he  e a r t h ,  and the  
t rapped miners can hear  a c t u a l  vo ice  from 
t h e  su r f ace  on t h e i r  t r ansce ive r .  The 
s u r f a c e  can then a sk  key ques t ions  t o  

FIGURE 3-44. - Underground-miner-carried VF 
equipment for signaling surface rescue crew. 

FIGURE 3-45. - Production of a magnetic field 
by transmitter and loop antenna. 
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FIGURE 3-46. - Through-the-earth transmission 
system. 

a s c e r t a i n  t h e  cond i t i ons  underground. A s  
an  example, they can ask  t he  trapped 
miners t o  key t h r e e  pu l se s  of s i g n a l  f o r  
a "yes" answer and two pu l se s  f o r  a "no" 
answer. This  type  of down-link voice  and 
up-link code s i g n a l i n g  system al lows t h e  
s u r f a c e  team t o  l e a r n  anything they wish 
about t h e  s i t u a t i o n  underground and a l s o  
al lows them t o  g ive  i n s t r u c t i o n s  o r  
in format ion  concerning escape rou t e s  and 
rescue  a t tempts .  

One advantage of an e lec t romagnet ic  
system over  a se i smic  system i s  t h a t  
t h e  EM t r a n s m i t t e r  ope ra t e s  cont inuously 
once deployed and w i l l  f unc t ion  f o r  many 
hours ,  o r  even days,  from one cap lamp 
b a t t e r y .  Besides ope ra t i ng  continuous- 
l y ,  i t s  e l e c t r i c a l  s i g n a l  i s  a known 
rhythmic "beep," which is much e a s i e r  
t o  d e t e c t  t han  t h e  random thumps of a 
miner pounding on t h e  r i b s  o r  roof .  An- 
o t h e r  advantage i s  t h a t  t h e  d e t e c t i o n  re-  
c e i v e r  can be r e a d i l y  c a r r i e d  by one min- 
e r  ( f i g .  3-47) and can be used t o  cover a 
reasonably l a r g e  a rea .  It can a l s o  be 
used by underground rescue  teams s i n c e  i t  
i s  permiss ib le .  A ve r s ion  of t h e  s u r f a c e  
r e c e i v e r  has  been adapted f o r  u se  i n  he l -  
i c o p t e r s .  With t h i s  u n i t ,  l a r g e  a r e a s  
can be scanned quick ly .  Once a s i g n a l  i s  
d e t e c t e d ,  p o r t a b l e  sur face-car r ied  u n i t s  
can  o b t a i n  an exac t  f i x .  The s u r f a c e  
g e a r  f o r  a se i smic  system, on t h e  o t h e r  
hand, is  complex and s t a t i o n a r y .  Its de- 
ployment s i t e  must be c a r e f u l l y  s e l ec t ed .  
I f  i t  is  no t  w i th in  2,000 f e e t  of t h e  

FIGURE 3-47. - Surface VF receiver and loop 
antenna in  use at simulated mine disaster. 

s i g n a l  source ,  i t  probably w i l l  n o t  work. 
I n  a l a r g e  mine, t h i s  l i m i t a t i o n  is  a se- 
r i o u s  handicap. I n  mountainous t e r r a i n ,  
s e t t i n g  up t h e  se i smic  geophones can pre- 
s e n t  e s p e c i a l l y  d i f f i c u l t  problems. 

3.7.2 Refuge S h e l t e r  

When it  appears  t o  be impossible  t o  
escape,  o r  imprudent t o  a t tempt  escape,  
fol lowing a mine f i r e  o r  explos ion ,  
miners a r e  t r a i n e d  t o  i s o l a t e  themselves 
from t o x i c  gases  and smoke by e r e c t i n g  
ba r r i cades .  Although many miners have 
been rescued from behind b a r r i c a d e s ,  some 
have d ied  behind inadequately cons t ruc ted  
bar r icades .  As a s o l u t i o n  t o  t h i s  prob- 
l e m ,  s e c t i o n a l  o r  c e n t r a l  refuge chambers 
have been e s t a b l i s h e d  by some companies. 
I f  a chamber i s  cons t ruc ted ,  some form of 
communication t o  t h e  s u r f a c e  should be 
included t o  inform rescue  crews t h a t  t h e  
chamber i s  being used and of t h e  condi- 
t i o n  of i t s  occupants.  

Communication t o  a re fuge  s h e l t e r  
could be provided by means of a borehole  
equipped with a telephone p a i r  connect- 
i n g  t o  t h e  s u r f a c e ,  by e x i s t i n g  wi r ing  
w i t h i n  t h e  mine, o r  by some form of 
through-the-earth system. The in-mine 
te lephone system would be t h e  l e a s t  r e l i -  
a b l e  a f t e r  an explosion un le s s  t h e  cab le  



i n s t a l l a t i o n  had been s p e c i f i c a l l y  hard- 
ened. Boreholes  would be h i g h l y  r e l i a b l e  
b u t  would r e q u i r e  a  new boreho le  f o r  each  
r e f u g e  chamber o r  whenever a  r e f u g e  cham- 
b e r  was moved. 

3.7.3 Riescue Team Communications 

Even though s e a r c h i n g  a  mine a f t e r  a  
f i r e  o r  e x p l o s i o n  i s  a  slow and o f t e n  
dangerous j o b ,  t h e  r e s c u e  team must r e a c h  
any t rapped  o r  b a r r i c a d e d  miners  a s  soon 
a s  p o s s i b l e .  E f f e c t i v e  communication 
between t h e  r e s c u e  team and t h e  s u r f a c e  
o r  base  camp, a s  w e l l  a s  communication 
between i n d i v i d u a l  members of t h e  team, 
i s  an e s s e n t i a l  e lement  i n  any s u c c e s s f u l  
r e s c u e  a t t empt .  

One method t h a t  h a s  proven e f f e c t i v e  
i n  m a i n t a i n i n g  communication t o  and from 
t h e  r e s c u e  team i s  i l l u s t r a t e d  i n  f i g u r e  
3-48. I n  t h i s  r e l a t i v e l y  s imple  system 
t h e  r e s c u e  team s p l i c e s  i n t o  a  good phone 
l i n e  and t h e n  u n r o l l s  l i n e  from a  s p o o l  
a s  they advance i n t o  t h e  mine. During 
a  r e c e n t  r e s c u e ,  t h i s  type  of system 
provided good communication even a f t e r  
t h e  r e s c u e  team had t r a v e l e d  approximate- 
l y  a  m i l e  a long  a  haulageway and t h e n  
descended a n o t h e r  1 ,200 f e e t  down a  s h a f t  
from a n  underground headframe. 

PHONE LINE 
WOUND 
ON SPOOL 

FIGURE 3-48. - E f fec t i ve  method for maintain- 

ing communication to  and from rescue team. 

The pr imary advantage of t h i s  t y p e  
of sys tem i s  t h a t  i t  is  s imple  and y e t  
u s u a l l y  p rov ides  good-qual i ty  v o i c e  com- 
municat ion.  Also t h e  phone w i r e  t r a i l e d  
behind t h e  r e s c u e  team prov ides  a  physi -  
c a l  l i n k  back o u t  of t h e  s e a r c h  a r e a .  
Th is  l i n k  can become an impor tan t  f a c t o r  
i f  t h e  team must r e t r e a t  under c o n d i t i o n s  
of poor v i s i b i l i t y ,  o r  i f  a  second r e s c u e  
team wishes  t o  "fol low" t h e  f i r s t  team. 
The d i s a d v a n t a g e s  of t h i s  type  of system 
a r e  ( 1 )  t h e  w i r e  s p o o l ,  which may be 
heavy,  must be t r a n s p o r t e d  by t h e  r e s c u e  
team, and ( 2 )  t h e  w i r e  s t r u n g  behind t h e  
r e s c u e  team i s  s u s c e p t i b l e  t o  damage from 
secondary e x p l o s i o n s  o r  roof f a l l s .  

3.7.4 Medium-Frequency Rescue Systems 

Cons iderab le  r e s e a r c h  h a s  been con- 
duc ted  w i t h i n  t h e  l a s t  8  y e a r s  i n  t h e  a r -  
e a  of underground MF t r a n s m i s s i o n s .  This  
r e s e a r c h  showed t h a t  MF s i g n a l s  could  
p ropaga te  f o r  g r e a t  d i s t a n c e s  i n  most ge- 
o l o g i e s  and o f f e r e d  t h e  hope of a  whole- 
mine r a d i o  system. The Bureau of Mines 
and t h e  South A f r i c a n  Chamber of Mines 
(SACM) pursued r e s e a r c h  independen t ly .  

Around 1974, SACM i n t r o d u c e d  a  new 
s ing le - s ideband  system and fol lowed up 
l a t e r  w i t h  a n o t h e r  des igned e s p e c i a l l y  
f o r  r e s c u e  team use. Performance i n  
South A f r i c a  was r e p o r t e d  t o  be good. 
The e v a l u a t i o n  of t h e s e  u n i t s  i n  U.S. 
mines showed them t o  be inadequate .  The 
t y p e  of modulat ion used [ s i n g l e  s ideband 
(SSB)] made them s e n s i t i v e  t o  e lect romag-  
n e t i c  i n t e r f e r e n c e  (EMI). I n  a d d i t i o n ,  
power l e v e l  was f a r  t o o  low and i n e f f i -  
c i e n c i e s  i n  bo th  c i r c u i t  and an tenna  de- 
s i g n s  produced shor t - range  performance. 

The Bureau 's  approach t o  t h e  problem 
was more fundamental .  A program was de- 
s i g n e d  and execu ted  t o  s t u d y  in-mine MF 
propaga t ion  and l e a r n  how i t  i n t e r a c t e d  
w i t h  t h e  complex environment.  This  envi-  
ronment c o n s i s t s  of v a r i o u s  g e o l o g i c a l  
f a c t o r s  such a s  s t r a t i f i e d  l a y e r s  of d i f -  
f e r e n t  e l e c t r i c a l  pa ramete rs ,  e n t r y  s i z e ,  
l o c a l  c o n d u c t o r s ,  EMI, e t c .  



Figure 3-49 is  a s imp l i f i ed  geometry 
of an in-mine s i t e  t h a t  i l l u s t r a t e s  one 
of t h e  most important  f ind ings  of t h e  
measurement program--the "coal  seam 
mode." For t h i s  mode t o  e x i s t ,  t h e  c o a l  
seam conduct iv i ty  (a,) must be s e v e r a l  
o rde r s  of magnitude l e s s  than t h a t  of t he  
rock u . A loop antenna t h a t  i s  a t  
l e a s t  p a r t i a l l y  v e r t i c a l l y  o r i en t ed ,  pro- 
duces a v e r t i c a l  e l e c t r i c  f i e l d  (EZ) and 
h o r i z o n t a l  magnetic f i e l d  (H4). In  t h e  
rock ,  t h e  f i e l d s  diminish exponent ia l ly  
i n  t h e  Z-direction. I n  t he  coa l  seam, 
t h e  f i e l d s  diminish exponent ia l ly  a t  a 
r a t e  determined by t h e  a t t e n u a t i o n  con- 
s t a n t  (a )  which i n  t u r n  depends upon t h e  
e l e c t r i c a l  p r o p e r t i e s  of t h e  coal. An 
i n v e r s e  square-foot  f a c t o r  a l s o  e x i s t s  
because of spreading. The e f f e c t  is t h a t  
t h e  wave, t o  a l a r g e  degree,  is t rapped 
between t h e  h ighly  conducting rock l a y e r s  
and propagates  long d i s t a n c e s  w i th in  t h e  
lower conducting c o a l  seam. The f a c t  
t h a t  t h e  c o a l  may have e n t r i e s  and cross-  
c u t s  i s  of minor consequence. 

I n  t h e  presence of conductors,  t h e  
p i c t u r e  changes considerably.  I n  t h i s  
ca se ,  t h e  e f f e c t s  of t h e s e  conductors can 
t o t a l l y  dominate over  t h e  e f f e c t s  of t h e  
geology. In  genera l ,  t h e  presence of 
conductors  ( r a i l s ,  t r o l l e y  l i n e s ,  phone 
l i n e s )  is advantageous. 

MF s i g n a l s  can couple i n t o ,  and re- 
r a d i a t e  from, continuous conductors i n  
such a way t h a t  t h e s e  conductors become 
n o t  only t h e  t ransmiss ion  medium but  
a l s o  t h e  antenna system f o r  t h e  s igna l s .  
F igure  3-50 i l l u s t r a t e s  t h i s  concept. 
The most favorable  frequency depends t o  
some e x t e n t  on t h e  r e l a t i o n s h i p  between 
t h e  geology and e x i s t i n g  conductors. 
The frequency e f f e c t s  a r e  q u i t e  broad. 
Anything from 400 t o  800 kHz is usua l ly  
adequate. 

3.7.4a S p e c i f i c  Applicat ion of MF 
Commnicat ions  t o  Rescue Teams 

The low a t t e n u a t i o n  of MF s i g n a l s  i n  
many s t r a t i f i e d  geologies ,  such as c o a l  
mines,  can be of g r e a t  b e n e f i t  t o  rescue  
teams. I f  e x i s t i n g  mine wir ing  ( l i k e  
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FIGURE 3-49. - Coal seam mode. 
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powerlines o r  b e l t  l i n e s )  a r e  p re sen t ,  
t h e  range is  even g rea t e r .  This  permits  
a rescue team member t o  s t a y  i n  commu- 
n i c a t i o n  with o the r  members, t h e  f r e s h  
a i r  base, and ou t s ide  d i s a s t e r  c o n t r o l  
cen te r s .  

To d a t e ,  MF technology has not  been 
s p e c i f i c a l l y  appl ied  t o  rescue  team 
communications. Such a p p l i c a t i o n  is the  
second s t e p  i n  t h e  Bureau's o v e r a l l  MF 
communications program. However, t h e r e  . 

i s  no b a s i c  d i f f e r ence  between opera- 
t i o n a l  MF systems and p o s t d i s a s t e r  MF 
systems. By October 1982, t h e  Bureau's 
ope ra t iona l  MF systems was i n  p lace  i n  
s e v e r a l  cooperat ing underground mines. 
By October 1983, performance eva lua t ion  
of t h e  systems w i l l  be completed. A s  t h e  
performance proceeds, emphasis w i l l  be 
d i r e c t e d  t o  s p e c i f i c  pos td isas te r - rescue  
app l i ca t ions .  



3.7.4b System Concepts 

The main advantage of MF communica- 
t i o n  i s  s i m p l i c i t y .  Figure 3-51 shows a 
rescue  team member equipped wi th  a pro- 
t o t y p e  MF v e s t  rad io .  This v e s t  r ad io  
permi ts  rescue  team members t o  maintain 
l o c a l  communications ( f i g .  3-52). 

I n  most ca ses ,  rescue teams w i l l  
u t i l i z e  a l i f e l i n e  f o r  r ap id  r e t r e a t  i n  
c a s e  of smoke when v i s i b i l i t y  is l imi ted .  
The l i f e l i n e  o f f e r s  i n t e r e s t i n g  poss ib i l -  
i t i e s  f o r  MF r a d i o  communications. Some 
rescue  teams a c t u a l l y  use the  l i n e  a l -  
ready t o  c a r r y  communications v i a  sound- 
powered telephones. Such a scheme is 
both  a r c h a i c  and o f t e n  i n e f f e c t i v e .  

S ince  t h i s  l i n e  i s  a continuous con- 
duc tor  back t o  t h e  f r e s h  a i r  base, it 
provides  a convenient p a r a s i t i c  pa th  f o r  
MF communication as shown i n  f i g u r e  3-53. 
To a s su re  even more r e l i a b l e  communica- 
t i o n s ,  phys i ca l  audio  l i n k s  could be made 
w i t h  the  l i f e l i n e  a s  shown i n  f i g u r e  3- 
54. Such an approach provides redundancy 
v i a  simultaneous audio and r a d i o  l i nks .  

F igure  3-55 i l l u s t r a t e s  a t o t a l  MF 
base s t a t i o n  f o r  rescue  team use. A t  t h e  
f r e s h  a i r  base,  t h e  b r i e f i n g  o f f i c e r  ( a s  
t h e  ind iv idua l  is  sometimes c a l l e d )  is  
equipped wi th  a s tandard  i n t r i n s i c a l l y  
s a f e  base s t a t i o n  o r  r epea t e r ;  t he  o f f i -  
c e r  could a l s o  be equipped wi th  a ves t .  
With such an arrangement, communications 
a r e  p o s s i b l e  no t  only between rescue  team 
members, bu t  a l s o  wi th  t h e  s u r f a c e  and 
w i t h  o t h e r  d i s t a n t  rescue  teams. I n  ad- 
d i t i o n ,  i t  a l s o  provides a poss ib l e  l i n k  
t o  t h e  t rapped miners. 

Since e x i s t i n g  mine wir ing  is exten- 
s i v e  and minewide, i t  is e a s i l y  seen t h a t  
i t  provides y e t  another  redundant l i n k  
f o r  t h e  rescue  team members. Since o t h e r  
rescue  teams a r e  a l s o  i n  t h e  v i c i n i t y  of 
mine wir ing ,  i n t e r t eam communications a r e  
poss ib l e  i f  des i red .  This  concept of in-  
te r team communications is a r a d i c a l  de- 
p a r t u r e  from e x i s t i n g  procedures. It 
w i l l  permit one rescue  team, i n  one p a r t  
of t h e  mine, t o  modify t h e  v e n t i l a t i o n  i n  
such a manner t h a t  i t  does no t  degrade 

FIGURE 3-51. - Rescue team member w i t h  

MF vest radio. 

FIGURE 3-52. - Basic MF communications 
among rescue team members. 
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t h e  v e n t i l a t i o n  i n  t h e  v i c i n i t y  of an- 
o t h e r  rescue  team. Equally important is 
t h e  f a c t  t h a t  t rapped miners a r e  a l s o  
probably i n  t h e  v i c i n i t y  of e x i s t i n g  mine 
wir ing.  
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3 . 7 . 4 ~  Location and Communications 
Systems f o r  t h e  Rescue of 
Trapped Miners 

- 
- 

So f a r  t h i s  s e c t i o n  has  pr imar i ly  
addressed t h e  a p p l i c a t i o n  of MF com- 
munication t o  rescue  teams. However, 
t h e  u l t i m a t e  o b j e c t i v e  of t h e  rescue 

ope ra t i on  i s  t o  reach  t rapped miners i n  a 
t imely  manner before  they succumb t o  t h e  
e f f e c t s  of i n j u r y ,  exposure,  o r  t o x i c  a t -  
mospheres. To t h i s  end, rescue team com- 
munications is  but  a pa r t .  The key t o  
succes s fu l  rescue l i e s  i n  t h e  r ap id  loca- 
t i o n  of t he  t rapped miners. Without 
t h i s ,  va luable  time can be wasted i n  
d i v e r t i n g  rescue  e f f o r t s  t o  t h e  wrong 
a r e a ,  o f t e n  wi th  t r a g i c  r e s u l t s .  

Bureau r e sea rch  i n  t h e  a r e a  of lo-  
c a t i o n  has been addressed by through- 
the-ear th  se i smic  and EM systems. In  
t h e  se i smic  system, t rapped miners pound 
on t h e  roof o r  r i b s  of t h e  mine t o  gen- 
e r a t e  se i smic  v i b r a t i o n s .  These v ibra-  
t i o n s  t r a v e l  through t h e  overburden t o  
t h e  s u r f a c e  where they can be de tec ted  
by s e n s i t i v e  t r ansduce r s  c a l l e d  geo- 
phones. Computer a n a l y s i s  of t h e  a r r i v a l  
t imes of t h e  seismic s i g n a l s  a t  t h e  
va r ious  geophones permits  t he  source t o  
be accu ra t e ly  loca ted .  This  system i s  
ope ra t i ona l  and i s  kept  i n  r ead ines s  by 
MSHA Mine Emergency Operations.  Presen t  
Bureau r e sea rch  i n  EM means t o  l o c a t e  
and c o m u n i c a t e  wi th  t rapped miners is 
shown i n  f i g u r e  3-56. The system con- 
sists of two p a r t s ,  a t r a n s c e i v e r  t h a t  
i s  normally c a r r i e d  on t h e  miner 's  b e l t  
and a su r f ace  system f o r  d e t e c t i o n  and 
communications. 
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FIGURE 3-56. - Voice frequency electromag- 
netic system for location and communication 
with trapped miners, 



I n  ope ra t i on ,  t h e  t rapped miner re- 
moves t h e  t r a n s c e i v e r  from t h e  b e l t ,  de- 
p loys  a se l f -conta ined  loop antenna,  and 
a t t a c h e s  t h e  t r a n s c e i v e r  t o  a s p e c i a l  cap 
lamp b a t t e r y .  This  antenna c o n s i s t s  of 
300 f e e t  of No. 18 wi re  t h a t  must be de- 
ployed i n  t h e  l a r g e s t  a r e a  pos s ib l e  t o  be 
e f f e c t i v e .  A l o c a t i o n  s i g n a l  is t r ans -  
mi t t ed  d i r e c t l y  through t h e  ea r th .  

On t h e  s u r f a c e ,  s e n s i t i v e  r e c e i v e r s  
d e t e c t  t h e  s i g n a l  and l o c a t e  t h e  source.  
Once d e t e c t i o n  and l o c a t i o n  a r e  made, a 
l a r g e  s u r f a c e  t r a n s m i t t e r  is deployed 
above t h e  t rapped  miner. This  t ransmi t -  
t e r  i s  powerful enough t o  send voice  m e s -  
s ages  by r ad io ,  d i r e c t l y  down through t h e  
e a r t h .  

The t rapped miner 's  t r a n s c e i v e r  re- 
ce ives  t h i s  voice.  The s u r f a c e  personnel  
t h e n  a sk  t h e  miner "yes-no" ques t ions  
concerning h i s  o r  h e r  cond i t i on  and t h a t  
o f  t h e  mine. The miner responds by s i m -  
p l e  on-off keying of t h e  t r ansce ive r .  I n  
t h i s  manner a two-way communications l i n k  
i s  e s t a b l i s h e d ,  e n t i r e l y  through t h e  
e a r t h ,  and rescue  ope ra t i ons  can start  i n  
t h e  most e f f i c i e n t  manner. 

D e t a i l s  of t h i s  EM system can be 
found i n  numerous r epo r t s .  This is known 
a s  a vo ice  frequency (VF) system because 
a l l  communications t ake  p lace  i n  t h e  VF 
band of 300 t o  3,000 Hz. 

The se i smic  system is very e f f e c t i v e  
i n  mines up t o  2,200 f e e t  deep, and does 
n o t  r e q u i r e  t h e  miner t o  be equipped wi th  
any s p e c i a l  devices .  However, i t  does 
r e q u i r e  t h e  miner t o  be a b l e  t o  pound. 
I n j u r y  o r  l a ck  of a s u f f i c i e n t l y  heavy 
o b j e c t  w i th  which t o  pound may render  t h e  
system i n e f f e c t i v e .  The most s e r i o u s  
drawback i s  t h a t  of t i m e .  The s u r f a c e  
r e c e i v e r  s t a t i o n  (geophones, f i e l d  t ruck  
w i t h  computer, e t c . )  may take  t oo  long 
t o  set up. Bad weather and t e r r a i n  can 
f u r t h e r  de lay  t h e  s u r f a c e  s t a t i o n  deploy- 
ment. 

The EM-VF r e c e i v e r  system is  less 
a f f e c t e d  by adverse cond i t i ons  on t h e  
s u r f a c e  because it is  l i g h t e r  and more 
e a s i l y  t r anspo r t ab l e .  However, it has  

i t s  own disadvantages.  The t rapped miner 
must be equipped wi th  a s p e c i a l  t r ans -  
c e i v e r ,  and must be a b l e  t o  deploy t h e  
antenna i n  a s u f f i c i e n t l y  l a r g e  a rea .  
I n j u r y  o r  confined q u a r t e r s  may prevent  
deployment. I n  add i t i on ,  under t h e  b e s t  
of cond i t i ons ,  t h e  system has  a range 
l i m i t  of about 1,000 f e e t .  Although a 
new system is under development t h a t  w i l l  
i n c r e a s e  t h e  range t o  3,000 f e e t ,  t h i s  
improvement comes about only w i th  com- 
p l e x ,  slowly deployed s u r f a c e  equipment. 
Therefore ,  it w i l l  be s u b j e c t  t o  t h e  same 
de l ays  a s  t h e  se i smic  system. 

MF communication o f f e r s  advantages 
over  through-the-earth approaches by 
pe rmi t t i ng  in-mine communications t o  
t h e  t rapped miners. This  could be i n  
a d d i t i o n  t o ,  o r  i n  p lace  o f ,  through- 
the-ear th  schemes t h a t  may f a i l  because 
of excess ive  overburden o r  t h e  i n a b i l i t y  
of t h e  t rapped miner t o  deploy h i s  o r  h e r  
end of t h e  system succes s fu l ly .  Fig- 
u r e  3-57 i l l u s t r a t e s  t h i s  concept. 

I n  t h i s  i l l u s t r a t i o n ,  t h e  t rapped 
mine,r is  equipped with a smal l  MF t r ans -  
c e i v e r  b u i l t  i n t o  t h e  top  of t h e  cap lamp 
b a t t e r y  o r  worn on t h e  b e l t .  Note t h a t  
t h i s  is exac t ly  t h e  same packaging con- 
cep t  used f o r  t h e  VF through-the-earth 
syst'em shown i n  f i g u r e  3-56. The i n t e n t ,  
however, is not  t o  send a s i g n a l  through 
t h e  e a r t h ,  but  r a t h e r  t o  induce a s i g n a l  
o n t o  l o c a l  mine wiring. I f  t h i s  is ac- 
complished, t h e  in-mine rescue team a l s o  
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FllGURE 3-57. - MF in-mine locat ion and com- 

mun~icat ion system. 



i s  l i k e l y  t o  be i n  t h e  v i c i n i t y  of mine 
w i r ing  and can r ece ive  t h e  s i g n a l .  It 
must be po in ted  o u t  very c l e a r l y  t h a t  
mine wi r ing  does not mean t h a t  one con- 
t i nuous  assembly of w i r i ng  is  involved. 
I f  t h e  t rapped  miner is  near  a  power ca- 
b l e  and no t  near  a  t r o l l e y  l i n e ,  and t h e  
r e s c u e  team is near  a  t r o l l e y  l i n e  and 
n o t  near  a  power cab l e ,  t h i s  does no t  
mean t h a t  a  communications l i n k  between 
t h e  two cannot e x i s t .  An induced MF s i g -  
n a l  on one t ype  of conductor w i l l  para- 
s i t i c a l l y  couple  t o  a l l  o t h e r s ,  even i f  
t h e r e  i s  no phys i ca l  connection. This  is 
t h e  uniqueness  of MF communication. 
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I n  ope ra t i on ,  t h e  t rapped miner 
would deploy an MF loop antenna o r  cou- 
p l e r ,  p r e f e r ab ly  on to  a v a i l a b l e  l o c a l  
wi r ing .  The couple r  could be a  smal l  de- 
v i c e  of small volume s i m i l a r  t o  a  c u r r e n t  
t rans former .  The loop could be a  couple r  
t h a t  was unwound. I n  e i t h e r  c a se ,  t h e  
an tenna  i s  smal l .  I f  nearby wi r ing  does 
n o t  e x i s t ,  t h e  loop could be deployed i n  
hope of coupl ing  t o  d i s t a n t  wir ing.  When 
s o  deployed, t h e  t r a n s m i t t e r  sends ou t  MF 

s i g n a l s  of narrow bandwidth t h a t  p a r a s i t -  
i c a l l y  couple onto mine w i r ing ,  and a r e  
widely d i s t r i b u t e d .  This can be rece ived  
by t h e  in-mine rescue  team. I f  t h i s  oc- 
c u r s ,  they w i l l  use  t h e i r  more powerful 
MF equipment ( v e s t s  o r  base s t a t i o n s )  t o  
e s t a b l i s h  a  vo ice  l i n k  t o  t h e  t rapped 
miner. By asking t h e  t rapped miner yes  
o r  no ques t i ons ,  h i s  o r  h e r  l o c a t i o n  can 
be learned.  However, d i r e c t  l o c a t i o n  v i a  
MF communication is  impossible.  The par- 
a s i t i c  coupl ing c h a r a c t e r i s t i c s  of MF 
s i g n a l s  do no t  permit t h e  through- 
the-ear th  VF type of l o c a t i o n ;  t h e  s i g n a l  
could be on many conductors.  

Obviously VF and MF systems could be 
combined such t h a t  t he  b e n e f i t s  of both 
VF ( f i g .  3-56) and MF ( f i g .  3-57) could 
be obtained.  Equally important  i s  t h e  
f a c t  t h a t  t h e  MF t rapped miner device 
could be used i n  nonemergency s i t u a t i o n s  
a s  a  page r e c e i v e r  and thereby be a  c o s t  
e f f e c t i v e  a d d i t i o n  t o  a  gene ra l  mine com- 
munication system. Table 3-3 l i s t s  MF 
communication system s p e c i f i c a t i o n s .  

TABLE 3-3, - MF communication system s p e c i f i c a t i o n s  

Emissions,  narrowband FM: 
Occupied  bandwidth..............^^^^^...^^.. 10 
Rf frequency .......... . . . . .mm.m. . .mma. . . Id . I z . .  60-1,000 
Peak deviation..........................Id.I~.. k2.5 
Modulated frequency......................Hz.. 200-2,500 

Rece iver ,  superheterodyne:  
Sensi t ivi ty . . . . . . . . . . .  m . . m m m . m m m m . m m m m m . m m m . .  1.0 pV (12-db s i n a d )  
S e l e c t i ~ i t y . . . . . . . . ~ ~ . ~ ~ ~ ~ ~ ~ . . ~ . . ~ ~ ~ . . . ~ ~ ~ ~ . ~  8-pole c r y s t a l  f i l t e r  

I F  3-dB bandwidth (minimum)...........Id.I~. . 12 
I F  70-dB bandwidth  maximum)..........^^. . 22 

RF band~idth..........~~.~.~~.~~..~~~~~.kHz.~ 60-1,000 ....................... Squelch............... Noise opera ted  and tone 
T ransmi t t e r ,  push-pull ,  c l a s s  B: 

Output power, W: 
Vest....................................... 
Vehicu1ar.................................. 

Antenna magnetic moment   AT^^): 
 vest...............^^...^^^.^.^..^^^..^.....^ 
Vehicu1ar.................................... 

RF l i n e  coup le r ,  t r a n s f e r  impedance ( Z T ) :  
1-in coup le r ,  .ohms: 

350 ~ H z . . . . . . . . . . . . . . . . . . ~ . ~ . . . . ~ . . . . . . ~ ~ . .  
520 ~Hz . . . . . . . . . . . . . . . . . . . ~ . .~ . . . . . . . ~ . . . . .  
820 ~Hz . . . . . . . . . . . . . . . . . ~~ . . . . . . . . . . ~ . . . . . .  

4-in coup le r ,  ohms: 
520 ~Hz...... . . . . . . . . . . . . . . . . . . . .~..... . . . .  



3.7.4d Performance Data 

I n  o r d e r  t o  e v a l u a t e  t h e  p o t e n t i a l  
o f  MF s i g n a l s  a s  a  means t o  l o c a t e  and 
communicate w i t h  t r apped  m i n e r s ,  and t o  
p rov ide  communications f o r  t h e  a c t u a l  
r e s c u e  team o p e r a t i o n ,  a  t e s t  was con- 
duc ted  a t  t h e  York Canyon Mine n e a r  
Raton,  N. Mex., i n  June 1982. Th is  mine 
i s  a  c o a l  mine l o c a t e d  i n  t h e  York seam 
of  t h e  Raton Basin.  The t e r r a i n  i s  h i l l y  
s u c h  t h a t  t h e  mine overburden v a r i e s  from 
about  200 t o  800 f e e t .  

The mine has  f o u r  main d r i f t  e n t r i e s  
t h a t  a r e  abou t  7,000 f e e t  long.  Off 
t h e s e  e n t r i e s ,  submains were d r i v e n  and 
longwal l  mining occurs .  A boreho le  i s  
l o c a t e d  a t  abou t  t h e  7,000-foot mark. 
Th is  boreho le  c o n t a i n s  a  t w i s t e d  p a i r  ca- 
b l e  t h a t  i s  a s s o c i a t e d  w i t h  t h e  f i r e  mon- 
i t o r i n g  system on t h e  longwal l  p a n e l s .  

T h i s  is  an  a c  mine t h a t  t r a n s p o r t s  
t h e  c o a l  by b e l t .  Rubber- t i red v e h i c l e s  
p rov ide  t r a n s p o r t a t i o n  f o r  pe rsonne l  and 
s u p p l i e s .  The d i s t a n c e  from t h e  p o r t a l ,  
down t h e  main e n t r i e s  t o  t h e  longwal l  
f a c e s ,  can be n e a r l y  15,000 f e e t ) .  

A t  t h e  mine p o r t a l ,  a  MF s i g n a l  cou- 
p l e r  was a t t a c h e d  t o  t h e  mine t e lephone  
l i n e s .  T h i s  c o u p l e r  was c o n t r o l l e d  by a  
s t a n d a r d  MF base  s t a t i o n .  A second cou- 
p l e r  and b a s e  s t a t i o n  were p laced  a t  t h e  
t o p  of t h e  borehole .  The c o u p l e r  was 
clamped around t h e  c a b l e  t h a t  went down 
t h e  boreho le .  

Two personne l  e n t e r e d  t h e  mine and,  
by v e h i c l e ,  t r a v e l e d  down t h e  main en- 
t r i e s  t o  t h e  v i c i n i t y  of t h e  boreho le  
(7 ,000  f e e t ) .  These pe rsonne l  were 
equipped w i t h  MF v e s t  t r a n s c e i v e r s  t h a t  
had a  magnet ic  moment of 2.1  AT^^ and a  
s e n s i t i v i t y  of 1  V a t  520 kHz. The i n -  
t e n t  of t h e  t e s t  was t o  a s c e r t a i n  whether 
o r  n o t  t h e s e  p e r s o n n e l  could  communicate 
w i t h  t h e  base  a t  t h e  p o r t a l ,  o r  t h e  base  
a t  t h e  t o p  of t h e  borehole .  I f  s o ,  i t  
would demons t ra te  t h a t  MF-equipped r e s c u e  
teams could  communicate w i t h  t h e  o u t s i d e  
command c e n t e r  w i t h o u t  dep loy ing  t h e i r  
own communications l i n e ,  o r  r e l y i n g  on 
t h e  i n t e g r i t y  of t h e  mine phone l i n e  t h a t  
may, o r  may n o t ,  be i n t a c t .  I n  a d d i t i o n ,  

i t  would demonstra te  t h a t  i f  a  t r apped  
miner  was equipped w i t h  a  MF t r a n s c e i v e r  
of s i m i l a r  s p e c i f i c a t i o n s ,  he o r  s h e  
cou ld  d i r e c t l y  communicate w i t h  rescue  
teams i n  t h e  mine,  o r  s e a r c h  crews on t h e  
s u r f  a c e  who were moni to r ing  any conduc- 
t o r s  e g r e s s i n g  t h e  mine. 

The r e s u l t  of t h e  t e s t  showed t h a t  
communications were p o s s i b l e  from almost  
anywhere i n  t h e  hau lage  and b e l t  e n t r i e s  
t o  e i t h e r  base  s t a t i o n .  It was even pos- 
s i b l e  f o r  t h e  base  a t  t h e  p o r t a l ,  on t h e  
t e l e p h o n e  l i n e ,  t o  communicate w i t h  t h e  
base  a t o p  t h e  b o r e h o l e ,  on t h e  f i r e  moni- 
t o r  l i n e ,  even though t h e r e  w a s  no physi -  
c a l  connec t ion  between t h e  two. Whenever 
a  v e s t  was w i t h i n  a  few f e e t  of mine con- 
d u c t o r s ,  t h e r e  was an  obvious improvement 
i n  c l a r i t y  and s i g n a l  s t r e n g t h .  

Although t h i s  t e s t  was p r e l i m i n a r y ,  
i t  c l e a r l y  h i g h l i g h t s  t h e  p o t e n t i a l  of 
u s i n g  MF communications f o r  s e a r c h  and 
r e s c u e  o p e r a t i o n s .  Much more work i s  
n e c e s s a r y  t o  measure range from mine w i r -  
i n g  whenever t h e  mine i s  n o t  o p e r a t i n g  a s  
would be t h e  c a s e  d u r i n g  s e a r c h  and r e s -  
cue o p e r a t i o n s .  An o p e r a t i o n a l  mine pro- 
duces  c o n s i d e r a b l e  l e v e l s  of a c o u s t i c  and 
EM n o i s e  which reduces  MF system range.  

3.7.5 Emergency Warning Systems 

Many t y p e s  of emergency warning sys-  
tems a r e  a v a i l a b l e  f o r  a l e r t i n g  under- 
ground personne l .  One example i s  t h e  
s t e n c h  warning system,  which i n t r o d u c e s  a  
d i s t i n c t i v e  odor i n t o  t h e  a i r s t r e a m .  
V i s u a l  s i g n a l s  o r  r a d i o  paging could  a l s o  
be used t o  a l e r t  underground personne l .  
A p r e f e r r e d  warning system would o p e r a t e  
over  e x i s t i n g  w i r i n g ,  such a s  t h e  t w i s t e d  
p a i r  of a  pager  phone system,  and broad- 
c a s t  an  a u d i o  warning t h a t  can be heard  
throughout  t h e  a c t i v e  a r e a s  of t h e  under- 
ground complex. Before  d e c i d i n g  on a n  
a l a r m  system,  f a c t o r s  t h a t  a f f e c t  t h e  
range over  which an aud io  a la rm can be 
h e a r d  shou ld  be cons idered .  The most i m -  
p o r t a n t  f a c t o r s  a r e  t h e  n o i s e  background 
found i n  mines ,  t h e  a t t e n u a t i o n  t h a t  t h e  
mine environment imposes on t h e  a la rm 
s i g n a l ,  and t h e  a t t e n t i o n - g e t t i n g  q u a l i t y  
of d i f f e r e n t  a la rms .  



The i n t e n s i t y  of a sound is t h e  en- 
ergy i n  t h e  sound wave. It is  customary 
t o  express  i n t e n s i t i e s  o r  p re s su re  l e v e l s  
i n  dec ibe ls .  The term "loudness" r e f e r s  
t o  t h e  response of t h e  human e a r  t o  
sound. Experiments have e s t a b l i s h e d  t h a t  
t h e  loudness of a tone is  a func t ion  of 
bo th  frequency and i n t e n s i t y ,  wi th  t he  
e a r  most s e n s i t i v e  t o  f requencies  i n  t h e  
r eg ion  of 1 t o  2 kHz. I n  o t h e r  words, 
f o r  tones w i th  t h e  same i n t e n s i t y ,  tones 
i n  t h e  1,000-to-2,000-Hz region appear 
l oude r  than  those  above o r  below t h i s  
region. 

Figure 3-58 shows t h e  no i se  l e v e l  
f o r  a t y p i c a l  continuous miner, with 
n o i s e  samples taken a t  t h e  o p e r a t o r ' s  po- 
s i t i o n  and wi th  t h e  conveyor running. To 
e s t i m a t e  t h e  masking e f f e c t s  of t hese  
samples,  we must f i r s t  t ransform t h e  
curves s o  t h a t  they  r e f e r  t o  sound l e v e l s  
on a pe r  cyc l e  bas i s .  This  has been done 
i n  f i g u r e  3-59. The c e n t e r  curve, l a -  
be led  "Mask n o i s e  source ,"  p l o t s  the  av- 
e r age  of f i g u r e  3-58 i n  terms of t h e  
sound l e v e l  per  cyc le  of bandwidth. The 
upper curve, l abe l ed  "Detection threshold  
a t  no i se  source ,"  shows t h e  est imated 
th re sho ld  l e v e l  a s  a func t ion  of tone 
frequency. The curve shows t h a t  tones 
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FIGURE 3-58. - Cutting with conveyor on 
(operator position). 

FIGURE 3-59. - Detection thresholds. 

between 250 and 1,500 Hz r e q u i r e  a l e v e l  
i n  excess  of 80 dB t o  be j u s t  de tec tab le .  
I f  we allow an a d d i t i o n a l  10 dB t o  in su re  
d e t e c t a b i l i t y ,  alarm tones would have t o  
have a sound l e v e l  of a t  l e a s t  90 dB at 
t h e  ope ra to r ' s  pos i t ion .  

I f  we move 15 f e e t  away from t h e  op- 
e r a t o r ' s  p o s i t i o n  ( t h e  bottom curve i n  
f i g u r e  3-59), t hese  sound l e v e l s  a r e  re- 
duced considerably. This curve shows 
t h a t  a t  800 Hz a l e v e l  of 60 dB is re- 
qu i red ,  and t h e r e a f t e r  the  requi red  l e v e l  
decreases  u n t i l  a t  6,000 Hz i t  is about 
40 dB. 

As  mentioned e a r l i e r ,  t h e  e a r  is 
most s e n s i t i v e  i n  t h e  region of 1,000 t o  
2,000 Hz and decreases  a t  h igher  frequen- 
c i e s .  Figure 3-59, however, shows t h a t  
t h e  higher  t h e  frequency of a tone (up t o  
8,000 Hz), t h e  more d e t e c t a b l e  it is. 
The spectrum of t h e  masking no i se  is the  
cause of t h i s  apparent  cont rad ic t ion .  
The background no i se  is high a t  t h e  
f requencies  where t h e  e a r  is  s e n s i t i v e  
and decreases  wi th  frequency. 

I n  a d d i t i o n  t o  overcoming background 
no i se ,  planners  must compensate f o r  
a t t e n u a t i o n  of t h e  warning tone. Experi- 
mental  and t h e o r e t i c a l  i n v e s t i g a t i o n s  
a r e  i n  c l o s e  agreement on t h e  a t tenua-  
t i o n  of sound i n  room-and-pillar mines. 
F igure  3-60 shows a p lan  of one experi-  
ment on a t t enua t ion  of sound. For t h i s  
experiment,  a 100-dBA source w a s  mounted 
a t  t h e  p o s i t i o n  shown i n  t h e  f i g u r e ,  and 
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FIGURE 3-60. - Plan of mine in which experiment 
was conducted. (Coal seam height, 76 inches.) 

t h e  sound l e v e l s  a t  t h e  p o i n t s  l abe l ed  1 
through 4 were recorded. Figure 3-61 i s  
t y p i c a l  of t h e  d a t a  obtained. It p l o t s  
a t t e n u a t i o n  a s  a func t ion  of frequency a t  
t h e  fou r  poin ts .  

I n  p r a c t i c e ,  an audio warning source 
must be some d i s t a n c e  from the  personnel  
i t  i s  intended t o  a l e r t ,  and i t  is d e s i r -  
a b l e  t h a t  t h e  warning be d e t e c t a b l e  above 
t h e  background no i se  from a s  f a r  away 
as poss ib le .  The g r e a t e r  t h e  d i s t a n c e  
t h e  sound must propagate ,  t he  louder  t h e  
source must be; hence, t he  g r e a t e r  t h e  
hazard t h a t  t h e  source w i l l  damage t h e  
hear ing  of someone who i s  inadve r t en t ly  
c l o s e  t o  i t  when it is ac tua ted .  I n  an 
a c t u a l  emergency, t h e  r i s k  of subjec t -  
i n g  a miner t o  i n t e n s e  sound may be 

FIGURE 3-61. - Attenuation a s  a function of 
frequency. 

considered j u s t i f i e d ;  bu t  t o  i n s u r e  r e l i -  
a b i l i t y ,  warning systems must be rout ine-  
l y  t e s t e d ,  p referab ly  i n  an ope ra t iona l ly  
u s e f u l  way, such a s  s i g n a l i n g  t h e  end of 
a s h i f t .  ( F i r e  s t a t i o n s  rou t ine ly  t e s t  
t h e i r  s i r e n s  by sounding o f f  at noon o r  
some o t h e r  prearranged time.) I n  addi- 
t i o n ,  any system is  sub jec t  t o  f a l s e  
alarms and/or pranks. Considering these  
f a c t o r s ,  t he  presence of a r e a l l y  i n t e n s e  
n o i s e  source might be regarded a s  an un- 
warran tab le  menace. 

Table 3-4 combines t h e  e f f e c t s  of 
background n o i s e  l e v e l  and a t t e n u a t i o n  of 
t h e  alarm tone t o  show t h e  sound l e v e l  
requi red  a t  t h e  source f o r  t h e  warning t o  
be j u s t  d e t e c t a b l e  by the  opera tor  of a 
continuous miner. The s i g n i f i c a n c e  of 
t h e s e  numbers is  b e s t  explained by t ak ing  
a p a r t i c u l a r  example. The e n t r y  f o r  
1,000 Hz under 210 f e e t  is 100. This 
means t h a t  a t  1,000 Hz t h e  source l e v e l  
requi red  t o  j u s t  a l e r t  t h e  opera tor  of a 
continuous miner who has "normal hearing" 
i s  100 dB when t h e  source is  210 f e e t  
away from him. 

TABLE 3-4. - Sound l e v e l  r equ i r ed  a t  source f o r  warning 
t o  be j u s t  d e t e c t a b l e  a t  ope ra to r ' s  p o s i t i o n  on a 
cont inuous miner, dB 

Frequency (Hz) 

2 50 
500 

1,000 
2,000 
4,000 

Distance from source 
70 f t  

93 
95 
94 
9 1 
88  

140 f t  
9 6 
99 
96 
9 5 
9 1 

210 f t  
100 
103 
100 
99 

102 

280 f t  
10 1 
105 
103 
103 
107 



There are systems commercially 
available that can satisfy the require- 
ments of audio warning systems using ex- 
isting mine wiring. These systems use 
the mine paging telephone network as the 
emergency alarm system. This approach 
requires the addition of an alarm signal 
generator compatible with the pager phone 
operation. The paging telephone and ex- 
ternal remote speakers act as the alarm 
sounding units. ' The alarm signal can be 
transmitted using a standard mine paging 
telephone and an acoustically coupled 
alarm signal generator or by using a ded- 
icated on-line alarm signal generator, as 
shown in figure 3-62. Alarm signals are 
fed onto the pager phone line in one of 
two ways. 

The first way uses the small porta- 
ble alarm signal generator shown at the 
top of figure 3-62. When operated, this 
unit emits an audio alarm via a small 
speaker. The speaker is equipped with a 
suitably sized rubber gasket that enables 
the sound to be efficiently coupled into 
the microphone of any standard pager 
phone. Units of this type are commonly 
used in conventional telephone applica- 
tions to remotely control such items as 
telephone answering machines and WATS 
line access. It can be seen that sound- 
ing an alarm in this way is a little 
awkward since three buttons must be 
pushed simultaneously, but this provides 
a safeguard against an accidental alarm. 
In addition, the portable units need only 
be entrusted to responsible individuals, 
which is a safeguard against pranksters. 

PHONE 
LINE 

ACOUSTICALLY COUPLED 
LARM SIGNAL GENERATOR 

ALTERNATIVE 
METHODS OF 
SOUNDING 

, OPTIONAL THE ALARM 

J 

M SIGNAL GENERATOR 

A ALTERNATIVE ALARMS 

FIGURE 3-62. - Use of the existing pager tele- 
phone network as an emergency alarm system. 

The second way of sounding an alarm 
on the system is to use the on-line alarm 
signal generator shown in ffgure 3-62. 
When the button on this unit is pressed, 
i places the correct dc signals on 
the line to actuate the pager phones 
and electronically transmits the alarm 
signal. 
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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. 

From Guidelines for Environmental 
Monitoring in Underground Coal Mines. 
Phase I Report. BuMines OFR 180-82, 
1982, 177 pp.; NTIS PB 83-147777. 



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 
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16 
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25 
0.25 

Mundix 

1 
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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 

NA 
NA 

Sangamo 
Weston 
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mometers are basically mechanical devices the disadvantage that they are fixed 

14 
'8 

128 mi 

80 
3 
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16 

>6 mi 
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3.3 
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'16 

>10 mi 

1.3-1.5 
0.7 

16 
8 

32 mi 

15-100 
5-15 

2 
28 

10 mi 

50-60 
4-8 



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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CHAPTER 5.--COMMUNICATION SYSTEM DESIGN AND IMPROVEMENT 

5.1 In t roduc t ion  

Th i s  chap te r  ana lyses  t h e  parameters 
i n f luenc ing  i n i t i a l  des ign  of communica- 
t ion  systems. f o r  new mines and upgrading 
e x i s t i n g  systems. 

Paragraph 5.2 o u t l i n e s  those  va r i a -  
b l e s  t h a t  must be taken  i n t o  account dur- 
i n g  t h e  des ign  s t a g e s  of a new wired 
phone system. Recommended f e a t u r e s ,  gen- 
e r a l  requirements ,  and how they can be 
implemented a r e  t r e a t e d  i n  t h i s  s ec t i on .  

Paragraph 5.3 desc r ibes  ways of 
improving o r  ex tending  t h e  range of t r o l -  
l e y  c a r r i e r  phone systems and pager phone 
systems a l ready  i n s t a l l e d  i n  t h e  mine. 

5.2 New Phone System Design 

The t a s k  of des ign ing  an adequate  
communication, c o n t r o l ,  and monitoring 
system f o r  an underground mine must be 
addressed on a system bas i s .  I n  a d d i t i o n  
t o  i n s u r i n g  t h a t  e f f e c t i v e  vo ice  communi- 
c a t i o n  is  e s t a b l i s h e d ,  any new system 
should t ake  i n t o  account presen t  and 
f u t u r e  requirements  of remote c o n t r o l  and 
monitor ing func t ions .  Chapter 4 i l l u s -  
t r a t e d  t h e  d r a s t i c  sav ings  i n  response 
t ime t h a t  can be r e a l i z e d  when remote 
c o n t r o l  and monitor ing a r e  i n t e g r a t e d  
i n t o  t h e  o v e r a l l  communication system. 
The importance of i nc lud ing  c o n t r o l  and 
monitor ing i n  t h e  o v e r a l l  des ign  p lan  f o r  
any system cannot be overemphasized. 

Because each mine is unique, and 
t h u s  u sua l ly  has i t s  own s p e c i a l  opera t -  
i n g  c h a r a c t e r i s t i c s  and communication 
requi rements ,  t h e r e  is  no such th ing  a s  
" t h e  one b e s t  system" t o  meet t h e  
requirements  of a l l  mines. The o p t h u m  
communication, c o n t r o l ,  and monitoring 
system f o r  a mine must be one t h a t  has  
been t a i l o r e d  t o  meet t h e  s p e c i a l  
requirements  of t h a t  p a r t i c u l a r  mine. 
Fac to r s  t h a t  must be considered dur ing  
system des ign  include-- 

a .  Type of mine and mining methods 
(low- o r  high-seam c o a l ,  deep hardrock 

mine,, s t ope  caving,  longwall ,  room and 
p i l l a r ,  e t c .  ). 

b. Maximum number of working 
s e c t i o n s .  

c. Expected mine growth r a t e  and 
eventua l  maximum s i z e .  

d. Haulage methods ( t r acked  t r o l -  
l e y ,  d i e s e l ,  b e l t ,  e t c . ) .  

e m  Underground power d i s t r i b u t i o n  
system (dc ,  ac ,  o r  both) .  

f .  Fea tures  des i r ed  (two-way r ad io  
paging, p r i v a t e  l i n e  c a p a b i l i t y  f o r  emer- 
gency use ,  e t c . ) .  

g. Redundant o r  backup systems 
f o r  u se  dur ing  outages of t h e  normal 
s y s  tlem. 

Although no two mines a r e  a l i k e ,  t he  
fo l l~owing  items have been e s t a b l i s h e d  a s  
t h e  !main c h a r a c t e r i s t i c s  d e s i r e d  f o r  any 
underground communication system: 

1. Mult iple  Communication Paths  t o  
Outside--the ob j ec t ive  he re  is  t o  g ive  
a l l  te lephones a second method of commu- 
n i c a t i n g  wi th  t h e  su r f ace .  

2. Audible Emergency Signaling--the 
communication system provides  t h e  main 
means of a l e r t i n g  miners dur ing  emergen- 
c i e s .  The system should inc lude  means t o  
broadcas t  d i s t i n c t  aud ib l e  s i g n a l s  f o r  
emergency s igna l ing .  I n i t i a t i o n  of these  
s i g n a l s  should probably be con t ro l l ed  
from. a c e n t r a l  ou t s ide  p o i n t ,  such a s  a 
s u r f a c e  c o n t r o l  room. 

3. Emergency Override--provisions 
should be included t o  permit any con- 
v e r s a t i o n  t o  be overr idden wi th  emergency 
communication. 

4. S e l e c t i v e  Area Page--as mines 
grow l a r g e r  i t  is apparent  t h a t  t h e  
e n t i r e  te lephone system paging mode need 
no t  be a c t i v a t e d  each time a c a l l  is 
i n i t i a t e d .  When t h e  gene ra l  a r e a  of a 



n a t e  te lephone use. Since t he se  a c t i v i -  
t i e s  tend t o  o r i g i n a t e  on t h e  b a s i s  of 
mine "a reas , "  i t  appears  t h a t  providing 
d i f f e r e n t  a r e a s  of t h e  mine wi th  a  sepa- 
r a t e  communication c i r c u i t  could meet t h e  
s imultaneous conversa t ion  need and main- 
t a i n  c i r c u i t  s i m p l i c i t y .  

person t o  be paged is  known, only t he  gage wire  is  chosen t o  improve t h e  ten- 
pagers  i n  t h a t  a r e a  would be ac t i va t ed .  s i l e  s t r e n g t h  of the  wi re ,  a s  wel l  a s  t o  

reduce t he  o v e r a l l  r e s i s t a n c e  of t h e  run. 
5. Simultaneous Conversation Capa- 

b i l i ty - -a l though t h e  u l t ima te  f o r  t h i s  TABLE 5-1. - Single-pair  cab le  
c h a r a c t e r i s t i c  would be a  p r i v a t e  l i n e  

6. Manual o r  Automatic Connection 
Between Subsystems--provisions must be 
made f o r  connect ing te lephones w i th in  t h e  
te lephone system, and provis ions  should 
be made f o r  connect ing t h e  te lephone sys- 
t e m  i n t o  t h e  o t h e r  communication systems 
used a t  t h e  mine. 

f o r  each te lephone,  t h i s  channel capac i ty  
may not  be necessary i n  some mines. I n  
g e n e r a l ,  each working s e c t i o n  does no t  
produce much communication a c t i v i t y .  
Haulage and maintenance a c t i v i t i e s  domi- 

7. Remote Signaling--the des ign  of 
t h e  te lephone equipment and c i r c u i t s  
should be compatible wi th  frequency d i v i -  
s i o n  mult iplexed equipment s o  f requenc ies  
above 3,000 Hz can be used f o r  c o n t r o l  
and monitor ing app l i ca t i ons .  

- 

5.2.1 Wired Phone Systems 

The op t ions  open t o  a  des igner  dur- 
i n g  planning s t a g e s  f o r  a  hard-wired 
phone system inc lude  

S ingle-pa i r  phone system 

Mul t ipa i r  phone system 

Mult iplexed phone system 

5.2. l a  Single-Pair Sys t e r n  

Many d i f f e r e n t  types of wi re  can be 
used f o r  s ing l e -pa i r  (pa r ty - l i ne  
i c a t i o n  systems ( t a b l e  5-1). 
gage wire  may be s a t i s f a c t o r y  i f  
b e r  of te lephones i n  t h e  system 
and t h e  d i s t a n c e  between them 

) commun- 
Smaller 

t h e  num- 
is small 

is sho r t .  

An inexpensive wire  used f o r  i n t e r -  
connect ing mine phones is  v iny l -p l a s t i c -  
coa ted ,  18-gage, two-wire, twisted-pair  
bu i ld ing  wire. Unjacketed wire  of t h i s  
type provides l i t t l e  environmental pro- 
t e c t  ion  f  o r  t h e  copper conductors ; there-  
f o r e  i t  must be l oca t ed  ou t  of t h e  way of 
t h e  mining equipment and c a r e f u l l y  sus- 
pended t o  avoid moisture pene t ra t ion .  

Descr ip t ion  

P l a s t i c - in su l a t ed  
nonj acke t ed  bui ld-  
i n g  wire........... 

Type SO, neoprene- 
jacke ted  po r t ab l e  
cable.............. 

Buried d i s t r i b u t i o n  
wire............... 

P l a s t i c  drop wire 
(copper-clad s t e e l )  

The 14-gage neoprene-j acketed type 
( s e e  f i g .  5-1) is  recommended f o r  most 
underground app l i ca t i ons .  The g r e a t e r  
mechanical s t r e n g t h ,  reduced loop r e s i s t -  
ance,  and supe r io r  moisture  r e s i s t a n c e  of 
t h i s  cab l e  makes i t  i d e a l  f o r  communica- 
t i o n  app l i ca t i ons .  

The b e s t  method of g e t t i n g  a  f e e l  
f o r  t h e  design cons ide ra t i ons  of a  
s i n g l e - p a i r  system is  t o  des ign  a  system 
f o r  a r e p r e s e n t a t i v e  moderate-sized mine. 
An example of such a  mine i s  shown i n  
f i g u r e  5-2. This mine has t he  fol lowing 
c h a r a c t e r i s t i c s :  

Wire 
gage, 

AWG 

18 

18 
16 
14 

19 

18 

However, f o r  most a p p l i c a t i o n s ,  a  l a r g e r  FIGURE 5-1. - Single-pair type SO neoprene cable, 

Loop r e s i s t -  
ance,  ohms 

pe r  mile 

67 

67 
42 
27 

83 

223 
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FIGURE 5 2 .  - Single-pair installation in typical mine. 

Less than  2 years  o ld  

6 square mi les  i n  t o t a l  a r e a  

3.5 mi les  of main haulageway 

0.8-mile-long average submain 

Average panel  s i z e  of 800 f e e t  by 
2,100 f e e t  

Average working s e c t i o n  s i z e  of 
300 f e e t  by 400 f e e t  

5 working s e c t i o n s  pe r  s h i f t  

A maximum of 6 a c t i v e  working 
s e c t i o n s  

17 f ixed  mine pager phones p re sen t ly  
i n s t a l l e d  

The f ixed-telephone,  s ing le-pa i r  
communication system shown i n  f i g u r e  5-2 
complies with t h e  Federal  Coal Mine 

Heal th  and Safety Act of 1969, i n  t h a t  i t  
provides two-way communication between 
t h e  su r f ace  and each working sec t ion .  
Addi t iona l  phones were i n s t a l l e d  a t  t he  
i n t e r s e c t i o n s  of t he  main haulageway and 
t h e  submains, and a t  t h e  i n t e r s e c t i o n s  of 
t h e  submains and t h e  b u t t  e n t r i e s  t o  a l l  
a c t i v e  sec t ions .  

Based on t h e  phys ica l  cha rac t e r i s -  
t i c s  of t h e  mine, t h e  t o t a l  l eng th  of 
s ing le -pa i r  cab le  requi red  can be calcu- 
l a t e d  f o r  t h i s  s t a g e  of development a s  
fo l lows  : 

Miles 

1 main haulageway......... 3.5 
3 submains (0.8 mile  
each).................... 2.4 

6 a c t i v e  sec t ions  
(3,000 f e e t  per  s ec t ion ) .  3.4 

Total................ 9.3 

The 3.4 mi les  of s e c t i o n  cable  as- 
sumes t h e  reuse  of t h e  cable  as t h e  work- 
i n g  s e c t i o n s  move from one panel  t o  
another.  A t  t h i s  s t a g e  i n  t he  mine's 
development, 15 panels  have been dr iven  
o r  a r e  being dr iven  which would have 
requi red  8.5 miles  of s e c t i o n  cable  i f  
r eus ing  i t  had not  been assumed. There- 
f o r e ,  t he  t o t a l  cable  miles  needed a r e  

9.3 i f  s e c t i o n  cable  reused 

14.4 i f  s e c t i o n  cable  ne t  reused 

The l e a s t  expensive wire  f o r  t h e  
above a p p l i c a t i o n  is p l a s t i c - in su la t ed ,  
nonjacketed 18 AWG bui ld ing  wire. How- 
ever ,  t h e  high loop r e s i s t a n c e  (67 ohms 
pe r  mi le )  of t h e  18-gage wire  w i l l  make 
f u t u r e  expansion imprac t i ca l ;  t he re fo re  
we should cons ider  a l a r g e r  gage wire. 

A more s u i t a b l e  cable  due t o  i t s  low 
loop r e s i s t a n c e  is 14 AWG, type SO, neo- 
prene wire. The 14 AWG neoprene cable  
uses  annealed copper conductors so  t h a t  
i t  can withstand severe  mechanical abuse. 
(The cable  is  designed f o r  use a s  power 
supply cable  on po r t ab l e  equipment.) I f  
t h e  3,000 f e e t  of 14 AWG neoprene wire 
used f o r  each a c t i v e  s e c t i o n  is mounted 



on a  r e e l  and t r a v e l s  with t he  working r ep l ac ing  the  s ing l e -pa i r  cab le  i n  t he  
s e c t i o n  phone i n t o  t h e  pane l ,  then we can main haulageway and t h e  submains with 
p l a n  on reus ing  t h i s  wi re  when developing m u l t i p a i r  cable .  I n  a  new mine, i t  would 
f u t u r e  panels .  The c o s t  of expanding t o  mean c a l c u l a t i n g  t he  maximum channel 
6  submains and 60 panels would involve  requirements  expected during t h e  l i f e  of 
only t h e  a d d i t i o n a l  wi re  f o r  3  submains, t h e  mine and spec i fy ing  t h e  proper m u l t i -  
assuming we can reuse  t h e  s e c t i o n  wire. p a i r  d i s t r i b u t i o n  system. 

The economic importance of reus ing  
s e c t i o n  wi re  can be e l abo ra t ed  on by t h e  
fo l lowing  c a l c u l a t i o n s  f o r  54 lengths  of 
a d d i t i o n a l  s e c t i o n  wi re  needed t o  reach 
t h e  6-submain development s t a g e  i f  t h e  
s e c t i o n  wi re  i s  no t  reused. Each l eng th  
i s  3,000 f e e t ,  o r  0.57 mile. 

54 l eng ths  x 0.57 mi le  per  l eng th  
= 30 mi les  of a d d i t i o n a l  cab l e  

The c o s t  of t h i s  a d d i t i o n a l  cab l e  
can  be a  s i g n i f i c a n t  p a r t  of t he  t o t a l  
c o s t  of t h e  e n t i r e  s ing le -pa i r  system. 
Although m a t e r i a l  c o s t s  a r e  g r e a t l y  
reduced i f  s e c t i o n  wi re  i s  reused,  some 
a d d i t i o n a l  l abo r  c o s t s  a r e  involved i n  
t h e  removal of cab le  once a  panel has 
been completed. 

Another a l t e r n a t i v e  t h a t  can be 
employed is t o  use  high-qual i ty  14 AWG 
w i r e  f o r  t h e  main and submains, and then  
u s e  a  l e s s  expensive l i g h t e r  gage wi re  
f o r  t h e  panels  and no t  reuse  t h i s  wire. 
A low-cost 18-gage bu i ld ing  wire  may be 
accep tab l e  a s  s e c t i o n  wi re ,  because i t s  
h igh  r e s i s t a n c e  is  no t  a  problem f o r  t h e  
s h o r t  l eng th  involved. 

5.2.lb Mul t ipa i r  Systems 

A s ing l e -pa i r  cab le  system r e s t r i c t s  
t h e  mine communication system t o  a  
s ingle-channel  mu l t i pa r ty  conf igura t ion .  
In t roduc ing  m u l t i p a i r  cab le  i n t o  t he  mine 
communication system al lows one t o  expand 
t h e  number of channels t o  whatever i s  
necessary  f o r  e f f i c i e n t  vo ice  t r a f f i c .  
I n  an e x i s t i n g  mine, t h i s  would mean 

The hardware f o r  a  m u l t i p a i r  system 
i s  of proven r e l i a b i l i t y  and has s tood 
t h e  t e s t  of time. A l l  of t he se  m a t e r i a l s  
have been used f o r  a e r i a l  d i s t r i b u t i o n  
systems i n  t h e  telephone indus t ry  and 
were r e f ined  over t he  years  t o  su rv ive  i n  
any p a r t  of t h e  world with a  minimum of 
prevent ive  maintenance. Because i t  was 
designed t o  be i n s t a l l e d  and maintained 
by linemen working i n  a l l  k inds  of 
weather while  s tanding  on l a d d e r s ,  on 
a e r i a l  p la t forms ,  o r  i n  manholes, m u l t i -  
p a i r  equipment can be handled by e lec-  
t r i c i a n s  i n  t h e  underground environment. 
The only new s k i l l  t h a t  mine personnel  
may have t o  l e a r n  is  t h e  s p l i c i n g  of 
small-diameter wires.  However, crimp- 
type s p l i c e  connectors a r e  a v a i l a b l e  t o  
s imp l i fy  t h e  s p l i c i n g  of m u l t i p a i r  
cab les .  

Table 5-2 shows the  major charac te r -  
i s t i c s  of m u l t i p a i r  cab le  a v a i l a b l e  from 
telecommunication cab le  manufacturers.  
Figure-8 cab le  is  recommended f o r  t h e  
mine a p p l i c a t i o n  because t h e  messenger 
wi re  adds cons iderab le  t e n s i l e  s t r e n g t h  
t o  t h e  cab le ,  and the  i n s t a l l a t i o n  is  
s i m i l a r  t o  t h a t  of t r o l l e y  wire. 

The previous s e c t i o n  descr ibed  a  
s ing l e -pa i r  cab le  system using a  repre-  
s e n t a t i v e  moderate-size f i c t i t i o u s  mine. 
The same mine w i l l  be used t o  analyze a  
m u l t i p a i r  cab le  system ( f i g .  5-3). 

Using a  cab le  d i s t r i b u t i o n  and load- 
i ng  p lan  t h a t  w i l l  al low the  s e r v i c i n g  of 
no more than  two s e c t i o n s  per  twis ted  
p a i r ,  a  minimum of t h r e e  p a i r s  is  

TABLE 5-2. - Range of m u l t i p a i r  cab les  commercially a v a i l a b l e  

Number of pairs................................... 3-400 
Messenger s i z e  (diameter)...................inch.. 0.134-0.250 
Conductor size...............................AWG.. 26-19 
Conductor dc r e s i s t a n c e  a t  68O F...ohms per  mile.. 43-220 
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FIGURE 53. - Multipair installation in typical mine. 

required t o  handle the  s i x  working sec- 
t ions .  The main haulageway phones con- 
nected across  a s i n g l e  par ty  l i n e  requi re  
a n  add i t iona l  p a i r  f o r  a t o t a l  of four 
p a i r s ,  each of which extends back t o  a 
cen t ra l i zed  loca t ion  such as  the  d is -  
pa tcher ' s  of f ice .  A s ix-pair  cable  
placed i n  the  main haulageway w i l l  accom- 
modate the  above required p a i r s  while 
leaving an e x t r a  two p a i r s  f o r  f u t u r e  
expansion. Three-pair cable may be ap- 
p ropr ia t e  f o r  the  submains because no 
more than four  sec t ions  w i l l  be a c t i v e  
per  submain a t  any one time. A s ingle-  
p a i r  cable  can be used between the  panel 
e n t r y  phone, located  i n  the  submain, and 
t h e  sec t ion  phone, which must move with 
t h e  sec t ion  crew. 

Due t o  the  3.5-mile length of the  
main haulageway and assuming t h a t  a maxi- 
mum of seven phones w i l l  be connected 
i n  p a r a l l e l  across  one p a i r ,  a 19-gage 

six-pair  cable has been se lec ted  f o r  the  
haulageway. The submains with only two 
phones per  p a i r  and run lengths of less 
than 1 mile can use 22-gage wire. A 
s p l i c e  case a t  every t h i r d  sec t ion  en t ry  
should be s u f f i c i e n t  i n  t h i s  appl ica t ion  
and w i l l  reduce labor cos ts .  

The sec t ion  cable can be a s i n g l e  
p a i r  but must be s t rong enough t o  with- 
s tand the  wear caused by the  almost con- 
s t a n t  phone re loca t ing  required i n  the  
working sect ion.  A 3,000-foot r e e l  of 
wire  t h a t  t r a v e l s  with the  sec t ion  phone 
would reach any loca t ion  i n  an 800- by 
2,100-foot panel. P l a s t i c  drop wire has 
been chosen f o r  the  sec t ion  cable. This 
w i r e  is made up of two 18 AWG copper- 
covered s t e e l  wires l a i d  i n  p a r a l l e l  and 
coated with a black f lame-resistant  poly- 
v iny l  chlor ide  insula t ion .  The high 
s t r e n g t h  of t h i s  cable allows f o r  long 
spans which make f o r  quick temporary in- 
s t a l l a t i o n s  and a l s o  reuse of the  cable. 
A s t a i n l e s s  s t e e l  drop wire clamp can be 
hooked t o  roof b o l t s  or  na i led  t o  timbers 
f o r  support. 

I n  cos t  comparisons between single-  
p a i r  and mul t ipa i r  systems (2 ) , l  - the  w i r -  
i n g  cos t s  f o r  mul t ipa i r  i n s t a l l a t i o n s  
were less expensive because the  smaller  
gage wire allowed i n  the  mul t ipa i r  cable ,  
due t o  fewer phones placed i n  p a r a l l e l  
per  p a i r s ,  kept the  per-mile cos t  of 
mul t ipa i r  cable competitive with t h a t  of 
the  l a r g e r  gage single-pair  cable. 

Two quest ions worthy of considera- 
t i o n  a t  t h i s  point  a r e ,  How w e l l  does a 
mul t ipa i r  communication system meet t h e  
needs of the  mine user? and What 
improvements can be incorporated i n t o  a 
mul t ipa i r  system t h a t  a r e  not poss ib le  
with the  present  day single-pair  mine 
telephone system? 

Advantages 

More Channels.--Using mul t ipa i r  ca- 
b l e ,  a system can be designed with a s  

l ~ n d e r l i n e d  numbers i n  parentheses re- 
f e r  t o  items i n  t h e  bibliography a t  the  
end of t h i s  chapter .  



many channels as are deemed necessary 
for the particular application, the only 
limits being cost and complexity. 

Private Channels.--Individual pairs 
can be assigned to each working section, 
thereby producing a private channel 
between the section and the mine commu- 
nications center. 

Zone Paging.--The communication ten- 
ter can page over an individual pair 
so that only the section of the mine 
concerned with the transmission need be 
disturbed. This would eliminate the 
present situation of requiring miners in 
all sections to listen to all pages. 

Direct Dialing.--Pairs can be dedi- 
cated to connect underground dial phones 
directly to the company's private auto- 
matic branch exchange (PABX) or directly 
to a central office through an approved 
interface. This would allow key loca- 
tions in the mine to dial each other, 
place outgoing calls, or receive incoming 
calls via the local exchange without 
relaying messages through the communica- 
tion center. Provisions for preventing 
abuse of the latter two features could 
also be included. 

Remote Monitoring.--Extra pairs in 
the cable may be used for monitoring the 
mine environment and/or equipment. 

Disadvantages 

Increased Operating Costs.--A multi- 
- -- - 

pair system incorporating all of the 
above advantages will cost more than a 
single-pair system, even though the 
multipair cable may cost less than the 
single-pair cable. This is due to the 
additional cost of a central switching 
equipment required for multipair systems. 
For a particular application, the 
increased efficiency and other benefits 
must be weighed against the added in- 
stallation and maintenance costs in order 
to establish its true worth. 

Training Costs.--The maintenance per- 
sonnel assigned to install and main- 
tain this equipment will have to be 

trained to use the different splicing 
techniques required and to troubleshoot 
this somewhat more complex system. 

5.2.1~ Multiplexed Phone Systems 

Multiplex telephone systems achieve 
their private channel capability via 
electronic means on a single cable. rr 

Multiplexing can be via time division 
multiplexing (TDM) or frequency division 
multiplexing (FDM). Although TDM systems 
have been developed and provide certain 
advantages, a multitude of disadvantages 
tend to make this type of multiplexing 
unattractive for mine telephone systems. 

FDM systems have been developed and 
tested in underground mines with consid- 
erable success. These systems can be 
divided into ones that require a central 
switching station for system control and 
those that do not. In a central switch- 
ing system, most if not all of the system 
intelligence resides in the central unit 
which assigns frequencies, provides power 
for the phones, and generates ringing and 
busy signals. These systems are gener- 
ally permitted only in nongassy mines. A 
serious disadvantage of such a system is 
that a failure in the central unit can 
render the entire system inoperative. 

A system that does not rely on a 
central switching unit has been developed 
by the Bureau of Mines. The system is 
based upon microprocessor control, where 
intelligence is resident in each tele- 
phone. Eight-channel voice or data com- 
munications is possible. The system uti- 
lizes FDM at medium frequencies (340-650 
kHz) and is designed for a 10-mile cable 
plant. A failure of any one phone nor- 
mally affects the multiplex feature of 
that phone only. Each phone also in- 
cludes a resident pager phone capability 
such that even a total failure of the 
microprocessor intelligence will not 
normally inhibit a user from making a 
call. This feature is essential in any 
modern telephone system for underground 
mines. Supervisory feedback and a vis- 
ual message-leaving capability (as is 
required in several States) are also 
included. 



5.2.2 Cable S e l e c t i o n  

Telephone t r a n s m i s s i o n  i s  made over  
w i r e s  which r e p r e s e n t  a  c o n s i d e r a b l e  
f r a c t i o n  of t h e  c o s t  of any t e lephone  
system. A s  an  example, f i g u r e  5-4 shows 
t h r e e  broad c a t e g o r i e s  of equipment i n  
which t e lephone  companies i n v e s t  . The 
" t r a n s m i s s i o n "  c a t e g o r y  no t  only r e p r e -  
s e n t s  wires, but  a l s o  i n c l u d e s  m u l t i p l e x  
sys tems ,  microwave systems,  and o t h e r  
w i r e  s u b s t i t u t e s .  S ince  t r a n s m i s s i o n  
equipment accounts  f o r  about  h a l f  of t h e  
t o t a l  inves tment ,  t e l ephone  companies pu t  
c o n s i d e r a b l e  e f f o r t  i n t o  p lann ing  t h e  
l a y o u t  and t h e  growth of t h e i r  t r ansmis -  
s i o n  f a c i l i t i e s .  Cable c o s t s  account  f o r  
even a  g r e a t e r  p e r c e n t  of t h e  expense i n -  
volved i n  an  underground communication 
system. T h e r e f o r e ,  mine p l a n n e r s  should  
a l s o  c a r e f u l l y  p l a n  t h e  ne tqork  and re- 
v i s e  t h e  p l a n  on a  schedu led  b a s i s .  

The g e n e r a l  environment i n  an  under- 
ground mine imposes s e v e r e  p h y s i c a l  r e -  
quirements  on communication cab le .  Insu- 
l a t i o n  i s  r e q u i r e d  t o  w i t h s t a n d  exposure  
t o  m o i s t u r e ,  a b r a s i o n ,  and rough han- 
d l i n g ;  t o  a f f o r d  p r o t e c t i o n  a g a i n s t  some 
l e v e l  of a c c i d e n t a l  c o n t a c t  w i t h  h i g h e r  

FIGURE 5 4 ,  - Telephone company investments, 

v o l t a g e s ;  and t o  no t  suppor t  combustion 
i n  c a s e  of f i r e .  

Twis ted-pair  c o n s t r u c t i o n  is  advised 
t o  reduce  t h e  e f f e c t s  of induced n o i s e  o r  
i n t e r f e r e n c e .  The 14 AWG sol id-conductor  
t w i s t e d  p a i r ,  w i t h  s u i t a b l e  i n s u l a t i o n  
d i e l e c t r i c  and o u t e r  p r o t e c t i v e  j a c k e t  is 
very  rugged, and w i l l  w i ths tand  t h e  rough 
handiling and stress imposed by a b r a s i o n  
agai .ns t  t imbers  o r  f a l l i n g  d e b r i s .  For 
t h e  s m a l l e r  d iamete r  wires, such a s  
19 AWG, a  f i g u r e - 8  c a b l e  is  recommended. 
I n  t h i s  c o n s t r u c t i o n ,  a  s t e e l  "messenger" 
o r  suppor t  w i r e  i s  added t o  t h e  twis ted-  
p a i r  bundle ,  so  t h a t  t h e  o v e r a l l  c r o s s  
s e c t i o n  resembles  a  f i g u r e  8. The s t e e l  
messenger c a b l e  p rov ides  a d d i t i o n a l  
s t r e n g t h  and suppor t  s o  t h a t  minimum 
s t r a i n  i s  a p p l i e d  t o  t h e  s i g n a l - c a r r y i n g  
t w i s t e d  p a i r .  

S o l i d  conductor  is  a d v i s e d ,  r a t h e r  
t h a n  t h e  more e a s i l y  handled m u l t i s t r a n d  
wire .  The m u l t i s t r a n d  c a b l e  is  s u b j e c t  
t o  c o r r o s i o n  bu i ldup  on t h e  s u r f a c e  of 
t h e  i n d i v i d u a l  conductor s t r a n d s ,  which 
i n  t ime could  reduce t h e  c o n d u c t i v i t y  of 
a  s p l i c e  o r  connec t ion  and become t h e  
s o u r c e  of added n o i s e  and reduced s i g n a l  
l e v e l .  Condi t ions  w i t h i n  an underground 
mine d i c t a t e  t h e  u s e  of press-on o r  
twis t -on connec tors  a s  common p r a c t i c e  t o  
comlplete a  s p l i c e .  Such p r a c t i c e s  a r e  
n o t  compat ible  w i t h  t h e  u s e  of mul t i -  
s t r a n d  w i r e .  

The cho ice  of w i r e  s i z e  is  d e t e r -  
mined by t h e  c o n f i g u r a t i o n  of t h e  t e l e -  
phone system and t h e  t y p e  of phone i n  
use .  Major f a c t o r s  t o  c o n s i d e r  i n  t h e  
c h o i c e  of w i r e  s i z e  a r e  t h e  t o t a l  l e n g t h  
of c a b l e  run ,  t h e  number of phones i n  t h e  
c i r c u i t ,  t h e  average  d i s t a n c e  between t h e  
phones,  and t h e  c h a r a c t e r i s t i c s  of t h e  
r i n g i n g  o r  c a l l i n g  c i r c u i t  i n  each phone. 

I n  pager phone systems,  t h e  paging 
r e l a y  c i r c u i t  is  one of t h e  more c r i t i c a l  
pa ramete rs  t o  c o n s i d e r  i n  t h e  cho ice  of 
pager  phone w i r e  s i z e .  The normal aud io  
s i g n a l  imposed on t h e  c a b l e  i s  about  1  t o  
2  M[W; t h i s  s i g n a l  l e v e l  is  s u f f i c i e n t  t o  
ope . ra te  a  phone r e c e i v e r  a t  s a t i s f a c t o r y  



volume over s e v e r a l  miles  of cab le  a s  
smal l  a s  19 AWG. The l i m i t i n g  condi t ion  
i s  t h e  a b i l i t y  t o  r e l i a b l y  ope ra t e  t h e  
paging r e l ays .  I n  t h i s  regard ,  t h e  cab le  
impedance, o r  r e s i s t a n c e  per  u n i t  l eng th ,  
a s  i t  a f f e c t s  t he  a v a i l a b l e  dc vo l tage  a t  
t h e  paging r e l a y ,  i s  more i n f l u e n t i a l  
t han  audio l o s s .  Ca l cu l a t i on  of t h e  min- 
imum wire  s i z e  t h a t  w i l l  i n s u r e  r e l i a b l e  
ope ra t i on  of a l l  paging r e l a y s  must t ake  
i n t o  account t h r e e  major parameters:  
paging c i r c u i t  impedance, b a t t e r y  vo l t -  
age,  and wire  l o s se s .  

Some pager phones use  electromechan- 
i c a l  r e l a y s  t h a t  have an  impedance of 
about  2,500 ohms while  o t h e r  systems use 
e l e c t r o n i c  o r  semiconductor switching 
c i r c u i t s  t h a t  have an  impedance of from 
8,000 t o  50,000 ohms. The minimum dc 
vo l t age  requi red  t o  ope ra t e  any of t he se  
r e l a y s  i s  about 1.5 t o  4  v o l t s .  To 
i n s u r e  a  s a f e t y  margin, i t  i s  recommended 
t h a t  a t  l e a s t  5  v o l t s  dc be a v a i l a b l e  a t  
a l l  te lephone paging r e l ays .  It i s  eas- 
i e r  t o  ob t a in  t h i s  minimum vo l t age  wi th  
t h e  h igher  impedance c i r c u i t s .  

Avai lab le  b a t t e r y  vo l tage  i s  a  func- 
t i o n  of t h e  condi t ion  of t h e  b a t t e r y  and 
t h e  load i t  must opera te .  I n  a  12-volt 
system, t h e  b a t t e r y  is  a t  t h e  end of i t s  
u s e f u l  l i f e  when t h e  dc vo l tage  under 
load  condi t ion  approaches 8  v o l t s .  For a  
24-volt system, a  b a t t e r y  i s  a t  t h e  end 
of  i t s  u s e f u l  l i f e  when t h e  a v a i l a b l e  dc 

TABLE 5-3. - E f f e c t  of 

(Electromechanical  

vo l tage  under load approaches 16 v o l t s .  
There i s  no s p e c i f i c  time a t  which the  
b a t t e r y  can be i d e n t i f i e d  a s  not  usable .  
However, i t  i s  gene ra l l y  agreed t h a t  t he  
l e v e l s  j u s t  s t a t e d  a r e  t y p i c a l  of t h e  end 
of a  b a t t e r y ' s  u s e f u l  l i f e  and i n d i c a t e  
t h a t  i t  should be replaced.  

I n  many pager phones, t he  i n t e r n a l  
c i r c u i t  has been designed s o  t h a t  t h e  
t o t a l  b a t t e r y  vo l tage  i s  not  a v a i l a b l e  on 
t h e  l i n e  f o r  opera t ion  of paging r e l ays .  
C i r c u i t r y  i n  such phones can add a  s e r i e s  
dc  r e s i s t a n c e  of from 10 t o  100 ohms t o  
l i m i t  t h e  s h o r t - c i r c u i t  d r a i n  t o  l e v e l s  
of ope ra t i on  t h a t  a r e  i n t r i n s i c a l l y  sa fe .  
A pager phone system can draw s i g n i f i c a n t  
c u r r e n t  from t h e  b a t t e r y  i n  t h e  "paging" 
phone. This causes an i n t e r n a l  vo l tage  
drop which s i g n i f i c a n t l y  reduces t h e  
e f f e c t i v e  vo l tage  presented t o  t h e  l i n e .  
Est imates  of t h i s  e f f e c t ,  f o r  a  v a r i e t y  
of cond i t i ons ,  a r e  shown i n  t a b l e  5-3. 

Wire l o s s  per  u n i t  l eng th  i s  a  func- 
t i o n  of wire  diameter and system configu- 
r a t i on .  These f a c t o r s  inc lude  t o t a l  wire  
used, te lephone spac ing ,  number of 
phones, and inpu t  impedance. A l l  of 
t he se  f a c t o r s  must be considered toge the r  
i n  view of t h e  expected b a t t e r y  vo l t age  
a t  end of u se fu l  l i f e  ( 8  o r  16 v o l t s ) ,  
t h e  r e l a y  impedance (2,500 ohms o r  
g r e a t e r  than  8,000 ohms), and t h e  i n t e r -  
n a l  vo l tage  drop because of c i r c u i t  
l o s se s .  

paging c i r c u i t  impedance 

r e l a y s ,  2,500 ohms) 

Bat te ry  vo l t age ,  
dc  v o l t s  

24-volt b a t t e r y :  

24 (new).............. 

16 (near  end of l i f e ) .  

12-volt ba t t e ry :  
12 (new).............. 

8  (nea r  end of l i f e ) . .  

Limit ing 
r e s i s t a n c e ,  

ohms 

10 
100 

10 
100 

10 
100 

10 
100 

Avai lable  b a t t e r y  vo l tage  
on t h e  l i n e ,  dc v o l t s  

10-phone system 

23.75 
19 
15.5 
13 

11.8 
10 
7.8 
6.5 

20-phone system 

23.5 
18 
15.5 
12 

11.6 
8  
7.6 
6  



The s i m p l e s t  c a l c u l a t i o n  i s  t o  as -  - 

sume a  b a s i c  l a d d e r  c o n f i g u r a t i o n ,  where 
a l l  phones a r e  i n  p a r a l l e l  on t h e  same 
s i n g l e  two-wire c a b l e ,  s t r u n g  t h e  l e n g t h  
of t h e  i n s t a l l a t i o n  ( f i g .  5-5). Th i s  ba- ETC 

s i c  i n s t a l l a t i o n  i s  t h e  one most normally 
c o n s i d e r e d  when c a l c u l a t i o n s  a r e  made t o  
de te rmine  minimum w i r e  s i z e .  Tab les  5-4 
and 5-5 i n d i c a t e  t h e  minimum w i r e  s i z e  
f o r  bo th  e l e c t r o m e c h a n i c a l  and e l e c t r o n i c  
r e l a y s ,  w i t h  average  phone s p a c i n g  of 114 
and i / 2  mile. 

I n  a  12-volt  sys tem,  w i t h  e l e c t r o -  
mechanical  2,500-ohm r e l a y s ,  only  12 
hones spaced 114 mile a p a r t  over  3  miles 
c a n  be used w i t h  19 AWG w i r e .  However, 
20 phones can be used over  a 5-mile run  
i f  14 AWG w i r e  i s  used.  I f  e l e c t r o n i c  
8,000-ohm r e l a y s  were used,  t h e  24-volt 
sys tem could s u p p o r t  33 phones over 8  
miles of c a b l e  u s i n g  19 AWG w i r e .  

Tab les  5-4 and 5-5 do n o t  t a k e  i n t o  
c o n s i d e r a t i o n  l i n e  l o s s e s  caused by poor 
s p l i c e s ,  dampness, o r  d e f e c t i v e  phones. 
However, they  do i l l u s t r a t e  comparative 
c o n d i t i o n s  as a gu ide  f o r  sys tem d e s i g n  
and component s e l e c t i o n .  

C o n s i d e r a t i o n  of a  topography t h a t  
i n v o l v e s  a mul t ip le -b ranch  system may 
r e s u l t  i n  a d e s i g n  t h a t  can u s e  a s m a l l e r  
d iamete r  w i r e .  Condi t ions  i n  mines nor- 
mal ly  degrade even t h e  b e s t  of systems-- 
m o i s t u r e  causes  s i g n a l  l eakage ;  e r r a t i c  

Rw 

ETC 

R w  = LINE IMPEDANCE 

Rp - PHONE INPUT IMPEDANCE 

FIGURE 5-5. - Basic  ladder configuration. 

o r  i n c o r r e c t  branch connec t ions  and 
s p l i c e s  t end  t o  reduce performance--so 
t h a t  u s i n g  d e t a i l e d  c a l c u l a t i o n s  t o  de- 
t e rmine  marg ina l ly  u s a b l e  minimum w i r e  
s i z e  i s  n o t  a recommended p r a c t i c e .  It 
makes more s e n s e  t o  determine a  minimum 
w i r e  s i z e  f o r  s a f e  o p e r a t i n g  l e v e l  and 
t h e n  u s e  t h a t  s i z e  a s  a  gu ide  t o  s e l e c t  
o r  recommend a wi re  t h a t  meets a l l  t h e  
s p e c i f i c a t i o n s .  For mul t ip le -b ranch  con- 
f i g u r a t i o n s ,  t h e  fo l lowing  r u l e s  of thumb 
can be used t o  e s t i m a t e  minimum w i r e  s i z e  
wi thou t  e x t e n s i v e  c a l c u l a t i o n :  

1. Determine p r e s e n t  t e lephone  
c o n f i g u r a t i o n .  

TABLE 5-4. - 114-mile pager  phone s p a c i n g  

System 
12-vo l t ,  2,500-ohm r e l a y  
24-vol t ,  2,500-ohm r e l a y  

TABLE 5-5. - 112-mile  pager  phone s p a c i n g  

19 AWG 
3  miles, 12 phones 

12-vo l t ,  8,000-ohm r e l a y  
24-vol t ,  8,000-ohm r e l a y  

14 AWG 
5  miles, 20 phones 

5  m i l e s ,  20 phones 9  miles, 36 phones 

5  miles, 20 phones 
8  m i l e s ,  33 phones 

System 
12-vo l t ,  2,500-ohm r e l a y  

9  miles, 36 phones 
> 9  miles, >36 phones 

24-vol t ,  2,500-ohm r e l a y  

19 AWG 
4.5 m i l e s ,  9  phones 

12-vo l t ,  8,000-ohm r e l a y  
24-vol t ,  8,000-ohm r e l a y  

14 AWG 
7.5 miles, 15 phones 

7  m i l e s ,  14 phones 1 3  miles, 26 phones 

7.5 miles, 15 phones 
13 miles, 26 phones 

13  m i l e s ,  26 phones 
>18  miles, >36 phones 



2. Estimate probable growth of the 
telephone configuration. 

3. Sketch the future telephone 
configuration. 

4. Examine the sketch to determine 
the longest combined path that takes into 
account a majority of the telephones. 

5. From table 5-2 or 5-3 determine 
the minimum wire size for the longest 
path needs. 

6. The added loads of the other 
branches will not greatly affect the 
determination of minimum wire size and 
can be ignored for such an estimate. 

The 21 pager phones shown in the top 
panel of figure 5-6, spaced an average of 
114 mile apart, are connected in a 
branching system, which can be repre- 
sented by the impedance diagram shown in 
the bottom panel. The longest path is E 

WE 
( A )  %-MILE PAGER PHONE SPACING 

E 
( 0 )  E Q U I V A L E N T  CIRCUIT 

FIGURE 5-6. - Branching ladder network. 

to D to J, which includes 10 phones over 
about 2.5 miles of cable. If we examine 
table 5-2, we find that with 2,500-ohm 
mechanical relays in a 12-volt system, 
19 AWG wire is adequate for the 
configuration. 

This type of rule-of-thumb estimate 
is adequate to identify approximate 
requirements for wire size, but it does 
not replace necessary detailed calcula- 
tions for a major installation with many 
branches. It must also be emphasized 
that calculation of minimum wire size 
identifies the bottom limit of a marginal 
condition and good engineering practice 
dictates some margin of reliability. The 
general manufacturers1 recommendation of 
14 to 16 AWG twisted pair for systems us- 
ing 2,500-ohm electromechanical relays is 
sound, particularly for a 12-volt system. 

For systems using semiconductor pag- 
ing circuits (with impedances of 8,000 
ohms or greater), 19 AWG is usually ade- 
quate. This is particularly true for 24- 
volt systems, but also applies to most 
12-volt systems that have high-impedance 
switching circuits. 

In summary, the cable wire size de- 
pends on a series of factors that include 
the total number of telephones in an in- 
stallation, the total length of cable run 
(distance between the farthest phones), 
the configuration of branch lines, the 
available battery voltage, and the type 
of paging relay used. The preferred ca- 
ble, regardless of wire size, is a 
twisted pair of solid conductor wires, 
with individual insulation around each 
wire in the pair and an outer abrasion- 
resistant covering of waterproof, flame- 
retardant material. 

5.2.3 Summary 

The basic system choices that may be 
selected when choosing an underground 
wired phone system consist of-- 

Single pair.--This is a party line 
system in which all phones are on the 
same channel. 



Mu1tipair.--A p r i v a t e  l i n e  system performance of a t r o l l e y  c a r r i e r  system, 
w i t h  each phone o r  group of phones con- and t he  second t r e a t s  te lephone systems. 
nec ted  t o  t he  system c e n t e r  by i t s  own 
i n d i v i d u a l  wire  p a i r .  5.3.1 T ro l l ey  C a r r i e r  Phone Systems 

Multiplex.--A p r i v a t e  l i n e  system 
us ing  a s i n g l e  cab l e ,  wi th  t h e  audio t o  
and from each phone mult iplexed on to  t he  
common cab le .  

I n  a l l  of t he se  systems,  te lephone 
t r ansmis s ion  is  made over  wi res  which 
r e p r e s e n t s  a cons ide rab l e  f r a c t i o n  of t h e  
c o s t  of t h e  e n t i r e  system, Since t r a n s -  
miss ion  equipment accounts  f o r  about ha l f  
of t o t a l  investment ,  companies should put  
cons ide rab l e  e f f o r t  i n t o  planning t h e  
l a y o u t  and growth of t h e i r  t ransmiss ion  
f a c i l i t i e s  . 

I n  planning mine communication 
systems,  t h e  p a i r s  o r  voice channels  
t h a t  w i l l  be needed i n  t h e  f u t u r e  and 
t h e  mob i l i t y  of t h e  te lephones involved 
should be kep t  i n  mind. I n  a d d i t i o n ,  
p a i r s  t h a t  w i l l  be needed f o r  purposes 
o t h e r  than  f o r  te lephones ( t e l eme t ry ,  
remote monitor ing,  e t c . ) ,  which i n c i -  
d e n t a l l y  may exceed vo ice  communica- 
t i o n  needs,  should a l s o  be taken  i n t o  
account .  1 

5.3 Improving E x i s t i n g  (In-Place)  
Phone Systems 

The two types  of communication sys- 
tems commonly used t o  d a t e  i n  underground 
mines a r e  a s  fo l lows:  

C a r r i e r  c u r r e n t  r a d i o  system us ing  
t h e  t r o l l e y  l i n e ,  

Various types  of te lephone system. 

Because t h e s e  systems have gained 
such  widespread usage,  methods f o r  up- 
g rad ing  and improving p r e s e n t l y  i n s t a l l e d  
systems a r e  p resen ted  i n  t h e  fo l lowing  
s e c t i o n s .  The f i r s t  d e a l s  w i th  improving 

l Approved and nonapproved equipment may 
n o t  sha re  t h e  same cab l e s ;  check with  
MSHA f o r  d e t a i l s .  

WARNING 

Some of t he se  procedures a r e  un- 
de!rtaken wi th  t he  t r o l l e y  wi re  ener-  
gi.zed; t h e r e f o r e ,  they a r e  extremely 
halzardous. Extreme cau t ion  must be 
exe rc i s ed  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. The fu se s  used i n  t h e  t e s t  
l e a d s  s e rve  only t o  p r o t e c t  equipment 
artd do not  , i n  any way reduce t h e  
shock hazard t o  personnel .  Only per- 
sonne l  thoroughly f a m i l i a r  wi th  e lec-  
t r i c a l  work on t r o l l e y  wi res  should 
conduct t h e s e  procedures.  The perma- 
nen t  connect i o n  of components should 
be done w i th  power removed. Care 
should a l s o  be taken t o  i n s u r e  t h a t  
components and equipment a r e  s u i t a b l e  
f o r  use  i n  t h e  de s i r ed  a p p l i c a t i o n .  

The t r o l l e y  c a r r i e r  phones used f o r  
d i s p a t c h  purposes i n  e l e c t r i c a l  r a i l  
haul-age mines o f t e n  show problems i n  pro- 
v id ing  coverage over  t h e  e n t i r e  haulage 
s y s  tern. D i r ec t  communication be tween t h e  
d i s p a t c h e r  and v e h i c l e s  i n  c e r t a i n  a r e a s  
of t h e  mine i s  o f t e n  d i f f i c u l t  o r  impos- 
s i b l e .  The major reason f o r  t h e s e  d i f f i -  
c u l t i e s  is  t h e  e f f e c t s  t h a t  loads  placed 
a c r o s s  t h e  t r o l l e y  wire  o r  r a i l  have on 
trarlsmission. 

Both theory and experiment show t h a t  
t h e  t r o l l e y  w i r e - r a i l  by i t s e l f  is  a r e l -  
a t i v e l y  good t ransmiss ion  l i n e  f o r  ca r -  
r i e r  phone f requenc ies .  I n  f a c t ,  on an 
unloaded t r o l l e y  w i r e - r a i l  t ransmiss ion  
l i n e ,  a d i s t a n c e  of 35 mi les  could be ex- 
pec ted  f o r  communication range. Communi-- 
c a t i o n s  over  a r e a l  t r o l l e y  w i r e - r a i l  can 
never  achieve t h i s  range because t h e  many 
loads  ac ros s  t h e  t r o l l e y  w i r e - r a i l  absorb 
and r e f l e c t  c a r r i e r  s i g n a l  power, The 
l i s t  of t h e s e  loads  is  long and i nc ludes  
r e c t i f i e r s ,  personnel  h e a t e r s ,  s i g n a l  
l i g h t s ,  v e h i c l e  motors,  v e h i c l e  l i g h t s ,  
and t h e  c a r r i e r  phone i t s e l f .  It is  
probable  t h a t  t h e  n e t  s i g n a l  a t t e n u a t i o n  



r a t e  f o r  a  t r o l l e y  w i r e - r a i l  wi th  t y p i c a l  
loads  placed a c r o s s  i t  y i e l d s  a  u s e f u l  
range a s  low a s  3.5 miles. The problem 
o f  ob t a in ing  good s i g n a l  propagat ion i s  
f u r t h e r  aggravated by branches of t h e  
t r o l l e y  wi re  where t h e  s i g n a l  s p l i t s  i n  a  
t o t a l l y  uncon t ro l l ab l e  way. Lack of 
proper  s i g n a l  t e rmina t ion  a t  t h e  ends of 
t h e  t r o l l e y  w i r e - r a i l  f u r t h e r  degrades 
s i g n a l  propagation. The veh ic l e s  repre-  
s e n t  moving loads  on t h e  t ransmiss ion  
l i n e  and add a  f u r t h e r  complicat ion t o  
ob t a in ing  o r  p r e d i c t i n g  good s i g n a l  pro- 
pagat ion.  Also, advancing t h e  mine f ace  
means t h a t  t h e  t ransmiss ion  network 
changes wi th  t i m e ,  y i e l d i n g  more uncer- 
t a i n t y  t o  t h e  q u a l i t y  of t ransmission.  

The se r iousnes s  of t h e  br idg ing  
loads  can be seen  by re fe rence  t o  f i g -  
u r e  5-7 where t h e  l o s s e s  f o r  t y p i c a l  
l oads  a r e  t abu la t ed .  Using t h i s  c h a r t ,  
one can make an e s t ima te  of t h e  t o t a l  
s i g n a l  l o s s  by adding t h e  i nd iv idua l  
l o s s e s  ( i n  dec ibe l s ) .  

I n  t h e  p a s t ,  whenever poor t r o l l e y  
c a r r i e r  communications e x i s t e d ,  a t tempts  
were made t o  remedy t h e  problem us ing  
"Z-boxes," o r  s i g n a l  couplers  t o  t h e  
phone l i n e .  Z-boxes a r e  no t  permiss ib le ,  
a r e  u sua l ly  no t  t h e  b e s t  s o l u t i o n ,  and 
may a c t u a l l y  i n t roduce  more problems then 
they solve.  Mines a r e  f u l l  of Z-boxes 
t h a t  have been disconnected and abandoned - 

because of poor performance. It is 
recommended t h a t  s o l u t i o n s  o t h e r  than 
Z-boxes be used t o  improve t h e  perform- 
ance of t r o l l e y  c a r r i e r  phone systems. 

The most s t r a igh t fo rward  way of 
t r e a t i n g  t h e  t r o l l e y  w i r e - r a i l  t o  make it 
i n t o  a  f u n c t i o n a l  c a r r i e r  s i g n a l  t r ans -  
mission l i n e  is  t o  phys i ca l l y  remove from 
t h e  t r o l l e y  w i r e - r a i l  a l l  of t h e  br idg ing  
loads  t h a t  impede c a r r i e r  s i g n a l  propaga- 
t i on .  The s t e p s  i n  t h i s  process  fol low: 

1. I d e n t i f y  t h e  br idg ing  loads.  
L i s t  a l l  t h e  br idg ing  loads  ac ros s  t h e  
t r o l l e y  wi re - ra i l .  Consult f i g u r e  5-7 t o  
e s t i m a t e  t h e  s e r iousnes s  of t h e  impedi- 
ment t o  c a r r i e r  s i g n a l  propagat ion t h a t  
each load r ep re sen t s .  

2. Determine which loads  can be 
removed from t h e  t r o l l e y  w i r e - r a i l  and be 
opera ted  from mine a c  power. 

For p r a c t i c a l  reasons ,  phys ica l  
removal of b r idg ing  loads  has severe  l i m -  
i t a t i o n s .  Ce r t a in  c r i t i c a l  l oads ,  in- 
c lud ing  r e c t i f i e r s ,  v e h i c l e s ,  l i g h t s ,  
motors,  and c a r r i e r  phones themselves,  
cannot be removed from t h e  t r o l l e y  wire- 
r a i l .  I n  some in s t ances ,  none of t h e  
loads  can be removed from t h e  t r o l l e y  
w i r e - r a i l ,  and e f f o r t s  t o  improve s i g n a l  
propagat ion must involve o t h e r  methods. 

S tud i e s  conducted have revea led  
a l t e r n a t i v e  ways of i nc reas ing  t h e  range 

HEATERS 

RECTIFIERS 
and q u a l i t y  of e x i s t i n g  t r o l l e y  c a r r i e r  
phone systems. These methods include-- 

50 

I s o l a t e d  loads a t  t h e  c a r r i e r  

\ frequency 

Using a  dedicated l i n e  

Using a  remote t r a n s c e i v e r  

5.3. l a  I s o l a t i n g  Loads a t  t h e  C a r r i e r  
Frequency 

Figure 5-7 shows t h a t  a s  t h e  bridg- 
i n g  r e s i s t a n c e  i s  increased ,  t h e  s i g n a l  0 I 

BRIDGING LOAD (OHMS1 

l o s s  decreases .  The " i s o l a t i n g  loads" 
method involves  adding pass ive  c i r c u i t  

FIGURE 5-7. - Signal loss versus bridging load. elements ( i nduc to r s  and c a p a c i t o r s )  i n  



s e r i e s  w i th  t h e  p a r t i c u l a r  load t o  reduce 
t h e  e f f e c t s  of t h e  br idging  load. The 
c i r c u i t  elements do no t  a f f e c t  dc equip- 
ment (motors, l i g h t s ,  e tc . )  being powered 
from t h e  t r o l l e y  wire ,  bu t  they do, i f  
p roper ly  chosen, add high impedance a t  
t h e  c a r r i e r  frequency. R e c t i f i e r s ,  heat- 
e r s ,  and veh ic l e  l i g h t s  a r e  t he  br idging 
loads '  t h a t  most s e r i o u s l y  degrade re- 
ceived s i g n a l  l e v e l s  and should be 
t r e a t e d  f i r s t  t o  improve received s i g n a l  
l e v e l s .  

5.3.1a.i R e c t i f i e r s  

There a r e  t h r e e  means of r a i s i n g  the  
e f f e c t i v e  c a r r i e r  frequency impedance of 
a r e c t i f i e r .  The most p r a c t i c a l  method 
depends on where t h e  r e c t i f i e r  is in- 
s t a l l e d .  I f  it is loca t ed  r e l a t i v e l y  f a r  
from t h e  r a i l  (beyond 40 f e e t ) ,  , t h e  feed 
w i r e s  r ep re sen t  s u f f i c i e n t  inductance 
t h a t  can be resonated,  thereby r a i s i n g  
t h e  e f f e c t i v e  impedance a s  seen  by t h e  
t r o l l e y  wi re - r a i l  ( f i g .  5-8A ). I f  t h e  
r e c t i f i e r  setback is s h o r t  ( l e s s  than 40 
f e e t ) ,  two techniques can be used t o  
r a i s e  t he  e f f e c t i v e  impedance: (1)  A 
f i x e d  high-current inductor  can be added 
i n  s e r i e s  wi th  t h e  r e c t i f i e r  and t h a t  
i nduc to r  can then be tuned t o  r a i s e  t h e  
e f f e c t i v e  impedance ( f i g .  5-8B) ; o r  
(2)  t h e  inductance of t he  t r o l l e y  wire- 
r a i l  can be used t o  resonate  s h o r t  sec- 
t i o n s  of t h e  t r o l l e y  wi re - r a i l  near  t h e  
br idging  load t o  r a i s e  t h e  e f f e c t i v e  
b r idg ing  impedance ( f i g .  5-8C). The ways 
o f  applying each of t h e s e  means a r e  de- 
s c r i b e d  below. 

a .  Resonating t h e  Feed Wire Inductance 

The fol lowing s t e p s  a r e  requi red  t o  
tune  the  r e c t i f i e r  feed  wires: 

1. Attach a 1,000-volt (some sys- 
tems may r e q u i r e  even h igher  vol tage  com- 
ponents ) ,  1 -  o r  l a r g e r ,  oi l - f  i l l e d  
c a p a c i t o r  d i r e c t l y  ac ros s  the  p lus  and 
minus te rmina ls  i n s i d e  the  r e c t i f i e r .  
(This  c a p a c i t o r  s e r v e s  t o  r e j e c t  
r ec t i f i e r -gene ra t ed  i n t e r f e r e n c e  i n  t h e  
c a r r i e r  frequency band.) 

2. At t h e  f a r  end of t h e  f eede r  
w i r e s ,  as near  t o  t h e  t r o l l e y  wi re - r a i l  

FEED WlRE INDUCTANCE 

RECTIFIER 

ADDEDTUNING CAPACITOR 

- 
A. RESONATING THE FEED WlRE INDUCTANCE 

-- - 
B.  RESONATING AN ADDED FIXED INDUCTANCE 

TROLLEY WlRE 
INDUCTANCE RECTIFIER 

- 

CAPACITOR CAPACITOR - - 
C. RESONATING THE TROLLEY WIRE/RAIL INDUCTANCE 

FIGURE 5-8. - Ways of raising the impedance 

of a rectifier. 

a s  p r a c t i c a l ,  i n s t a l l  the  temporary t e s t  
s e t  shown i n  f i g u r e  5-9. This t e s t  s e t  
comprises a decade capac i to r ,  i s o l a t i n g  
and p ro t ec t ion  devices ,  and a tuned 
vol tmeter .  Usually two feed wires  a r e  
r u n  from t h e  r e c t i f i e r  t o  t h i s  point .  
Only one need be t r ea t ed .  

3. The d i spa t che r  is c a l l e d  from a 
j eep  parked nearby and asked t o  key on 
h i s  t r a n s m i t t e r  f o r  20 seconds o r  so. 
The decade capac i to r  box is switched 
through i ts  range of ope ra t ion  and l e f t  
a t  t h e  pos i t i on  of maximum s i g n a l ,  as 
ind ica t ed  by t h e  tuned voltmeter.  (The 
decade box should have enough range 
t o  peak the  vol tmeter . )  This value of 
s i g n a l  should be l a r g e r  than when the  
decade capac i to r  is a t  i ts  off  pos i t ion .  
The two values--the vol tage  when the  dec- 
ade capac i to r  is  of f  and the  maximum 
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FIGURE 5-9. - Test configurations for tuning FIGURE 5-10. - Permanent installationof tun- 
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WARNING 

Some of t h e s e  procedures  a r e  undertaken wi th  t h e  t r o l l e y  wire  energized;  there-  
f o r e ,  they  a r e  extremely hazardous. Extreme cau t ion  must be exe rc i sed  t o  avoid 
p o t e n t i a l l y  l e t h a l  shock. The f u s e s  used i n  t h e  t e s t  l eads  s e r v e  only  t o  p r o t e c t  
equipment and do not  i n  any way reduce t h e  shock hazard t o  personnel.  Only per- 
sonnel  thoroughly f a m i l i a r  wi th  e l e c t r i c a l  work on t r o l l e y  wires  should conduct 
t h e s e  procedures.  The permanent connection of components should be done wi th  
power removed. Care should a l s o  be taken t o  i n s u r e  t h a t  components and equipment 
a r e  s u i t a b l e  f o r  u s e  i n  t h e  d e s i r e d  app l i ca t ion .  

value--should be logged, p re fe rab ly  on a 
mine map. There should be an  apprec iab le  
i n c r e a s e  i n  vol tage  f o r  t h i s  condi t ion ,  
a t  l e a s t  1 1/2 t o  1, and i n  some in-  
s t a n c e s  up t o  10 t o  1. The va lue  of t h e  
capac i tance  t h a t  produces t h e  maximum 
vo l t age  should be noted from t h e  value 
i n d i c a t e d  on t h e  decade capac i to r ,  and a 
s u i t a b l e  capac i to r  of t h a t  value should 
then  be i n s t a l l e d  i n  a permanent fash ion ,  
as shown i n  f i g u r e  5-10. When t h i s  in -  
s t a l l a t i o n  has been made, a f i n a l  check, 
u s ing  t h e  tuned vol tmeter ,  should be made 
t o  a s c e r t a i n  t h a t  t h e  o r i g i n a l l y  i nd i -  
ca t ed  increased  vol tage  i s  obtained. 

For t h i s  procedure, i t  i s  important 
t h a t  t h e  tuned vol tmeter  be tuned t o  t h e  
p r e c i s e  t ransmiss ion  frequency of t h e  

d ispa tcher .  A prel iminary t e s t  can 
e a s i l y  a s c e r t a i n  t h a t  t h i s  condi t ion  has 
been met by sweeping t h e  tun ing  d i a l  of 
t h e  tuned vol tmeter  through t h e  region 
near  t he  t r ansmi t t ed  frequency and leav-  
i n g  i t  at t h e  p o s i t i o n  where maximum 
response is indica ted .  

b. Resonating an Added Fixed Inductance 

When t h e  setback is s h o r t ,  an  added 
inductor  made of a c o i l  of f eede r  wire  
may be used t o  provide a s e r i e s  induct-  
ance t h a t  can be tuned. Because f eede r  
wire  is  expensive, a c o i l  i n  t h e  so- 
c a l l e d  Brooks form, which y i e l d s  t h e  max- 
imum inductance per  l eng th  of wire,  
should be used. See Appendix A (Mine E )  
f o r  an a c t u a l  i n s t a l l a t i o n  example. 



The approximate form is  shown i n  
f i g u r e  5-11. A reasonable bending r ad ius  
f o r  t h e  t y p i c a l  thousand-circular-mils 
c a b l e  used f o r  such f eede r  wires  is  2 
f e e t ;  t h e r e f o r e  t h i s  dimension is approx- 
imately f ixed.  Four t u r n s  a t  t h i s  diam- 
e t e r  y i e l d  an inductance of approximately 
25 )H, which is  adequate  f o r  tuning most 
r e c t i f i e r s .  The c o i l  should be i n s t a l l e d  
i n  t h e  room i n  which t h e  r e c t i f i e r  i s  lo-  
c a t e d  and should be kept  a few f e e t  away 
from t h e  coa l  t o  prevent  added l o s s e s  a t  
t h e  c a r r i e r  frequency. The exact  va lue  
of inductance is unknown, so t h e  c o i l  
w i l l  have t o  be tuned i n  much the  same 
manner a s  d i scussed  previously f o r  reso- 
n a t i n g  t h e  f eede r  wires .  

F igure  5-12 i l l u s t r a t e s  t h e  test 
se tup .  The d i spa t che r  is c a l l e d  and 
asked f o r  a 20-second t ransmission.  The 
decade capac i to r  is  switched through i ts  
p o s i t i o n s  and l e f t  a t  t h e  p o s i t i o n  t h a t  
y i e l d s  t h e  maximum voltage.  (The decade 
box should have enough range t o  peak t h e  
vol tmeter . )  The received vol tage  wi th  
t h e  decade capac i to r  i n  t h e  "off"  posi- 
t i o n  and t h e  maximum vol tage  should be 
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FIGURE 5-1 1. - Co i l  form. 

noted,  preferab ly  on a mine map. When 
t h e  b e s t  capac i to r  va lue  has been found 
i n  t h i s  manner, t h e  t e s t  s e t  is re- 
moved and a s u i t a b l e  capac i to r  of t he  
va lue  found during the  test is perma- 
nen t ly  a t tached  t o  t h e  c o i l ,  as shown i n  
f i g u r e  5-13. When completed, a l a s t  test 
i s  made t o  v e r i f y  t h a t  t h e  improved s ig-  
n a l  recept ion  i s  obtained. 

c. Resonating t h e  Tro l ley  Wire-Rail 
Inductance 

A method t h a t  can be appl ied  i f  t h e  
r e c t i f i e r  setback is s h o r t ,  and i t  would 
be imprac t i ca l  t o  i n s t a l l  a f ixed  induc- 
t o r  i n  s e r i e s  wi th  t h e  r e c t i f i e r  feed 
w i r e s ,  is t o  tune t h e  t r o l l e y  wi re - r a i l  
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FIGURE 5-12. - T e s t  s e t u p  for t u n i n g  f i x e d  
i n d u c t a n c e .  
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FIGURE 5-13. - Permanent attachment of tun- 

ing capacitor to fixed inductor. 

a s  shown i n  f i g u r e  5-86'. The s t e p s  a r e  
descr ibed  below: 

1. Locate a p o s i t i o n  about 80 f e e t  
a long  t h e  t r o l l e y  w i r e - r a i l  from t h e  
p l ace  where t h e  r e c t i f i e r  feed wires  
a t t a c h  t o  t h e  t r o l l e y  wi re - ra i l .  I n s t a l l  
t h e  t e s t  s e t  a s  i l l u s t r a t e d  i n  f i g u r e  5-9 
between t h e  t r o l l e y  wi re  and r a i l .  
Request t h e  d i spa t che r  t o  t ransmi t  f o r  
about 20 seconds. Switch t h e  capac i to r  
box through i t s  va lues  t o  f i n d  a maximum 
s i g n a l  l e v e l ,  a s  i nd i ca t ed  on t h e  tuned 
vol tmeter .  (The decade box should have 
enough range t o  peak t h e  vo l t age  l eve l . )  
Note t h e  va lue  wi th  t h e  decade capac i to r  
i n  t h e  "off"  p o s i t i o n  and t h e  value t o  
maximum s i g n a l ,  and l i s t  t h e s e  va lues  on 

a mine map. Remove t h e  test f i x t u r e ,  and 
i n s t a l l  permanently a s u i t a b l e  capac i to r  
of t h e  i nd i ca t ed  value. Request another  
t ransmiss ion  t o  v e r i f y  t h a t  t h e  s i g n a l  
improvement observed dur ing  t h e  test was 
maintained a f t e r  permanent i n s t a l l a t i o n .  

2. Repeat t h e  same procedure a s  i n  
s t e p  1 ,  but a t  a p lace  i n  t h e  oppos i te  
d i r e c t i o n  along t h e  t r o l l e y  w i r e - r a i l ;  
t h a t  i s ,  80 f e e t  o r  s o  on t h e  o t h e r  s i d e  
of t h e  feed poin t .  Keep records  as  
be£ ore.  

3. Return t o  t h e  f i r s t  po in t  and 
measure and record t h e  s i g n a l  l e v e l  f o r  a 
d i s p a t c h e r ' s  t ransmission.  

5 .3 . l a . i i  Heaters 

Personnel  h e a t e r s  wi th  a wide range 
of wattage r a t i n g s  a r e  used; however, 
1,000 wat t s  is  l i k e l y  t o  be t h e  lowest ,  
and each h e a t e r  of t h i s  r a t i n g  o r  h igher  
poses a s i g n i f i c a n t  s i g n a l  l o s s  t o  t h e  
c a r r i e r  system. Such h e a t e r s  w i l l  range 
i n  r e s i s t a n c e  from 360 ohms f o r  a 1-kW 
u n i t  on a 600-volt l i n e  t o  18 ohms f o r  a 
5-kW u n i t  on a 300-volt l i n e .  Current 
w i l l  range from 1.5 t o  17 amperes f o r  
corresponding condi t ions .  Unlike recti- 
f i e r  c u r r e n t s ,  t h e s e  h e a t e r  c u r r e n t s  a r e  
s u f f i c i e n t l y  low t h a t  commercial induc- 
t o r s  can be used untuned t o  provide 
i s o l a t i o n  of h e a t e r s ,  thereby avoiding 
t h e  s t e p  of i nd iv idua l ly  tuning each 
i s o l a t o r .  

To r a i s e  t he  impedance l e v e l  t o  
300 ohms a t  100 kHz us ing  an untuned 
inductance r equ i r e s  an i nduc to r  of 
500 pH. While it would be convenient t o  
f i n d  a s i n g l e  induc tor  usab le  f o r  a l l  
such loads ,  t h e  wide range of d i r e c t  
c u r r e n t s  t h a t  must be handled (1.5 t o  
17 amperes) makes it necessary t o  s e l e c t  
each induc tor  on an i nd iv idua l  b a s i s .  

The procedure f o r  t r e a t i n g  personnel  
h e a t e r s  fol lows:  Locate t h e  h e a t e r  e l e -  
ment. Measure t h e  c a r r i e r  frequency 
v o l t a g e  a t  t h i s  load ,  us ing  t h e  tuned 
vol tmeter  and a d i s p a t c h e r ' s  t ransmis-  
s ion .  Note t h i s  value on a m i n e  map. 
Disconnect t h e  h e a t e r  and permanently 



a t t a c h  a 500-pH induc to r  i n  s e r i e s  w i th  
t h e  element. Reconnect t h e  h e a t e r  and 
measure t h e  vo l t age  produced ac ros s  t h e  
h e a t e r  and induc to r  i n  s e r i e s ,  us ing  t h e  
tuned vol tmeter  and a d i s p a t c h e r ' s  t r a n s -  
mission. An improvement i n  vo l t age  of up 
t o  10 t o  1 can be expected. Note t h e  new 
rece ived  vo l t age  on t h e  mine map. Repeat 
t h i s  ' procedure f o r  each personnel  
hea t e r .  

5 . 3 . l a . i i i  Vehicle Lights  

Mine veh ic l e s ,  i nc lud ing  locomo- 
t i v e s ,  j eeps ,  and p o r t a l  buses ,  a l l  draw 
s u b s t a n t i a l  power from t h e  t r o l l e y  wire.  
Much of t h i s  power i s  used f o r  motive 
purposes.  Motors r ep re sen t  a r e l a t i v e l y  
h igh  impedance a t  t r o l l e y  c a r r i e r  f r e -  
quenc ies ,  p a r t i c u l a r l y  f o r  j eeps  and por- 
t a l  buses and t o  a lesser e x t e n t  f o r  
locomotives.  However, a p a r t  of t h e  
power is  used f o r  head l igh t s  on t h e  
veh ic l e s .  Most convent ional  veh i c l e s  u se  
150-watt, 32-volt, PAR-type l i g h t s  f o r  
t h i s  purpose. The d i f f e r e n c e  between 
32 v o l t s  and t h e  t r o l l e y  vo l t age  is  taken  
up wi th  a b a l l a s t  r e s i s t o r .  A s i n g l e  
l i g h t  c i r c u i t  of t h i s  type p r e s e n t s  a 
r e s i s t a n c e  of about 50 ohms on a 300-volt 
c i r c u i t  and about 110 ohms on a 600-volt 
c i r c u i t .  Because some veh ic l e s  u se  two 
l i g h t s  a t  a t i m e ,  and some only one, t h e  
b r idg ing  loads represen ted  by t h e  v e h i c l e  
l i g h t s  range from 110 t o  25 ohms pe r  
veh i c l e .  These va lues  a r e  s u f f i c i e n t l y  
low t h a t  t rea tment  i s  des i r ab l e .  

The procedure f o r  t r e a t i n g  v e h i c l e  l i g h t s  
fo l lows  : I n s e r t  a 10-ampere, 500-pH 
i n d u c t o r  i n  series wi th  t h e  l i g h t  c i r c u i t  
of each vehic le .  Make s u r e  t h a t  t h e  
i nduc to r  i s  only i n  series w i t h  t h e  l i g h t  
c i r c u i t  and is  not  i n  series wi th  t h e  
motor o r  t r o l l e y  phone c i r c u i t s .  Because 
of t h e  v a r i a b l e  cond i t i ons  faced  by t h e  
v e h i c l e s ,  i t  i s  not  of much u t i l i t y  t o  
check t h e  before  and a f t e r  c a r r i e r  f r e -  
quency vo l t ages  found on v e h i c l e s ,  but  
t h e  tuned vol tmeter  could be used f o r  
t h i s  purpose i f  s o  des i red .  

5 . 3 . l a . i ~  Other Loads 

Other loads can a l s o  adverse ly  
a f f e c t  propagat ion on t h e  t r o l l e y  wire- 
r a i l ;  f o r  example, s i g n a l  and i l lumina-  
t i o n  l i g h t s .  As noted e a r l i e r ,  an  i n d i -  
v idua l  l i g h t  bulb,  o r  a s t r i n g  of such 
l i g h t s ,  does not  impose much i n s e r t i o n  
l o s s .  However, i f  t h e r e  a r e  many l i g h t s ,  
t h e  t o t a l  e f f e c t  could be s u b s t a n t i a l .  A 
way t o  e s t ima te  whether such l i g h t s  
a f f e c t  propagat ion s i g n i f i c a n t l y  i s  t o  
count t h e  number of l i g h t s  on t h e  t r o l l e y  
w i r e - - r a i l  between t h e  d i s p a t c h e r  and t h e  
f a r t h . e s t  p l ace  i n  t h e  mine, and c a l c u l a t e  
t h e  t o t a l  b r idg ing  r e s i s t a n c e .  Approxi- 
mate value of l o s s  versus  br idg ing  load  
can ble es t imated  from f i g u r e  5-7. I f  t h e  
t o a l  l o s s  i s  less than  6 dB, only margin- 
a l  im~provements w i l l  r e s u l t  from t r e a t i n g  
these  l i g h t s .  I f  t h e  l o s s  i s  more t han  
6 dB, cons ide ra t i on  should be given t o  
t r e a t i n g  t h e  l i g h t s .  It would be a r a th -  
er unusual s i t u a t i o n  t o  f i n d  l i g h t s  t h a t  
r e a l l y  represen ted  a s i g n i f i c a n t  impedi- 
ment t o  propagat ion of a t r o l l e y  wire-  
r a i l .  However, when marginal s i g n a l  lev-  
els e x i s t ,  t h e  l i g h t s  could w e l l  make t h e  
d i f f e r e n c e  between marginal and f u l l y  
u sab l e  s i g n a l  l e v e l s .  

The most e f f e c t i v e  way t o  t r e a t  such 
l i g h t , s  would be t o  t ake  them of f  t h e  l i n e  
and ope ra t e  them from t h e  a c  system. 
This  p r a c t i c e  i s  being used i n  some of 
t h e  newer mines. In  o l d  mines, where a c  
power i s  not a v a i l a b l e ,  l i t t l e  can be 
done. In some i n s t a n c e s ,  t h e  power r a t -  
i n g  of t h e  l i g h t s  could be reduced, 
there!by r a i s i n g  t h e  value of t h e  br idg ing  
impedlance. Fixed induc to r s  could a l s o  be 
used but would only have smal l  e f f e c t s  
because t h e  l i g h t  s t r i n g s  ( t y p i c a l l y  
t h r e e  100-watt, 115-vol t  l i g h t s  i n  s e r i e s  
i n  a 300-volt system) a l ready  have a 
f  air1.y high r e s i s t a n c e  (approximately 300 
ohms f o r  t h e  example above). 

Other loads a r e  comprised of such 
equipment a s  pumps and o t h e r  motor- 
drivein devices .  However, t h e s e  devices  



gene ra l ly  have high enough impedances and 
a r e  placed s o  in f r equen t ly  t h a t  they re- 
s u l t  i n  minimal loading e f f e c t s .  

5.3.lb Using a Dedicated Wire 

A s  previously mentioned, t h e  t r o l l e y  
w i r e - r a i l  is  an  i n e f f i c i e n t  t ransmiss ion  
p a t h  because of t h e  many loads t h a t  e x i s t  
on t h e  l i n e .  In  t h e  dedicated-wire tech- 
n ique ,  an independent wi re  ( c a l l e d  t h e  
"dedicated wire")  is  run down t h e  en t ry-  
way wi th  t h e  t r o l l e y  l i n e  on the  wide 
s i d e ,  but not  connected t o  t h e  t r o l l e y  
l i n e  i n  any manner. 

Such a wire ,  s i n c e  i t  i s  unloaded, 
has  a very low a t t e n u a t i o n  rate. There- 
f o r e ,  i f  a s i g n a l  is  t r ansmi t t ed  on t h e  
ded ica t ed  wire ,  t h e  s i g n a l  s t r e n g t h  re-  
mains high. Since t h e  t r o l l e y  l i n e  and 
ded ica t ed  wire  a r e  l oca t ed  i n  t h e  same 
e n t r y ,  t h e r e  is  a mutual e lec t romagnet ic  
coupl ing  between them. (The e f f e c t s  of 
loads  on t h e  t r o l l e y  l i n e  a r e  t r a n s f e r r e d  
t o  t h e  dedica ted  wire ,  and t h e  high s i g -  
n a l  on t h e  dedica ted  wire  i s  t r a n s f e r r e d  
t o  t h e  t r o l l e y  l i n e .  ) For tuna te ly ,  i f  
t h e  s e p a r a t i o n  between t h e  two i s  l a r g e  
enough (9 f e e t  o r  more), t h e  loading e f -  
f e c t s  of t h e  t r o l l e y  l i n e  a r e  only weakly 
t r a n s f e r r e d  t o  t h e  dedica ted  wire ,  s o  
t h a t  t h e  a t t e n u a t i o n  rate s t a y s  low. But 
a t  t h e  same time, t h e  high s i g n a l  l e v e l s  
on t h e  dedica ted  wi re  a r e  s t rong ly  cou- 
p l ed  t o  t h e  t r o l l e y  l i n e .  The n e t  r e s u l t  
i s  t h a t  commnicat ion is  now p o s s i b l e  i n  
a r e a s  where i t  was not  poss ib l e  before.  
The procedure f o r  developing a system 
based on a dedica ted  wi re  i s  d iv ided  i n t o  
t h e  fo l lowing  t h r e e  s teps :  

1. Routing.--Ascertain from a mine 
map t h e  a r e a  of coverage des i red ,  con- 
s i d e r i n g  t h a t  t h e  d i spa t che r  p o s i t i o n  i s  
t h e  key pos i t ion .  Mark out  on t h i s  map a 
r o u t e  f o r  a s i n g l e  l i n e  t h a t  runs i n  t h e  
same entryway a s  t h e  t r o l l e y  w i r e - r a i l  t o  
which communication i s  des i red .  Avoid 
branches on t h i s  route ,  I f  necessary,  
u se  a second o r  t h i r d  such rou te  t o  cover 
a l l  reg ions  of t h e  mine. Short  s ide-  
t r a c k s  need not  be covered i n i t i a l l y .  If 
a branch on t h e  rou te  w i l l  cover t he  
d e s i r e d  reg ion  wi th  l e s s  l eng th  of wire ,  

use a branch, but minimize t h e  number of 
branches. 

2. In s t a l l a t i on . - - Ins t a l l  t h e  wire ;  
No. 10 o r  No. 12 wire  i s  w e l l  s u i t e d  t o  
t h e  task.  Copper-weld cons t ruc t ion  is 
recommended f o r  s t r e n g t h  and i n t e g r i t y .  
This wire  must be i n s u l a t e d  and a l s o  he ld  
away from t h e  r i b  o r  roof f o r  a t  l e a s t  - 
3 inches.  I n s t a l l a t i o n  must be on t h e  
wide s i d e  of t h e  e n t r y ,  and t h e  wire  
should be loca t ed  f o r  l e a s t  exposure t o  
damage. A t  t h e  f a r  ends of each l i n e ,  
t h e  wire  i s  terminated by a 200-ohm, 
10-watt r e s i s t o r  t o  t h e  rail ,  a s  i l l u s -  
t r a t e d  i n  f i g u r e  5-14. I f  branches a r e  
used, s i g n a l - s p l i t t i n g  r e s i s t o r s  must be 
included ( f ig .  5-15) t o  reduce s i g n a l  
a t tenuat ion .  

3. Connection of Transmit ter .  --Upon 
completion of t h e  i n s t a l l a t i o n  of t he  
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FIGURE 5-14, - Termination of the dedicated wire. 
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FIGURE 5-15. - Signal spl i t ter.  

special-purpose w i r e ,  t h e  d i spa t che r ' s  
t r a n s m i t t e r  should be d i r e c t l y  connected 
t o  t h e  end o r  ends of t h e  wire  t h a t  con- 
verge on t h e  d i spa t che r ' s  s t a t i o n .  The 
r e t u r n  wire  of t h e  t r a n s m i t t e r  should go 
t o  e a r t h  o r  t o  t h e  rail. 

A s  noted before ,  t h e  use  of branches 
should be minimized, When t h e  r o u t e s  a r e  
s h o r t ,  (considerably l e s s  t han  10 mi l e s ) ,  
r e s o r t  can be made t o  branches on a dedi- 
c a t e d  wire.  When more than  one wire  i s  
used, they should be run i n  s e p a r a t e  en- 
tryways. The reason t h a t  branches a r e  
undes i r ab le  i s  t h a t  a branch reduces t h e  
s i g n a l  l e v e l  by 2 t o  1 ( 6  dB). On s h o r t  
runs ,  such a l o s s  can be t o l e r a t e d ,  but 
on runs approaching 10 miles, such a l o s s  
may be t o o  high. 

5.3. 1c Using a Remote Transceiver  

Frequent ly t h e  d i spa t che r  i s  loca t ed  
a t  one edge of t h e  mine complex. I f  t h i s  
i s  t h e  case,  t he  communication range 
r equ i r ed  must be ex tens ive  i n  order  t h a t  
t h e  d i spa t che r  be a b l e  t o  reach motormen 
on t h e  oppos i te  s i d e  of t h e  mine. In  
some in s t ances ,  a convenient way of solv-  
i n g  t h e  d i spa t che r ' s  problem i s  t o  use  a 
remote t r ansce ive r  l oca t ed  a t  t h e  most 
f avo rab le  p lace  f o r  reaching a l l  p a r t s  of 
a mine complex. The l o c a t i o n  of such a 
remote t r a n s c e i v e r  is  l i k e l y  t o  be near  
t h e  c e n t e r  of t h e  r a i l  haulage system of 

t h e  mine, although i n  c e r t a i n  circum- 
s t a n c e s  moving i t  somewhat away from 
such a c e n t e r  might produce more favor-  
a b l e  r e s u l t s .  

A s  an  example of what might be 
achieved by t h i s  means, consider  a d i s -  
pa tcher ' s  p o s i t i o n  f o r  which the  s i g n a l  
a t t e n u a t i o n  i s  80 dB from h i s  p o s i t i o n  t o  
t h e  f a r t h e s t  reach of t h e  mine. This a t -  
t enua t ion  means t h a t  an i n i t i a l  25-volt 
rms s i g n a l  provided by t h e  d i spa t che r ' s  
t r a n s m i t t e r  would be reduced t o  2.5 mV a t  
t h e  f a r t h e s t  reach of t he  mine. This 
l e v e l  of s i g n a l  is  marginal,  and thus  t h e  
d i spa t che r  would have poor communication 
t o  those  motors on t h e  f a r  s i d e  of t he  
mine. I f  t he  d i spa t che r ' s  t r ansce ive r  
were moved t o  t h e  cen te r  of such a mine, 
t h e  s i g n a l  a t t e n u a t i o n  should drop t o  
one-half, o r  40 dB, from t h i s  c e n t r a l  po- 
s i t i o n  t o  t h e  ex t r emi t i e s  of t he  mine. 
The 40 dB of a t t e n u a t i o n  would provide 
s i g n a l  l e v e l s  of 250 mV a t  t h e  extremes 
of t h e  mine, 100 t imes bigger  than  would 
r e s u l t  i f  t h e  d i spa t che r ' s  t r a n s m i t t e r  
were loca t ed  a t  one edge of t h e  mine. 

Such a s u b s t a n t i a l  improvement i n  
s i g n a l  l e v e l s  throughout t h e  mine would 
change an otherwise marginal opera t ion  
i n t o  a completely adequate communication 
system. In so fa r  a s  t h e  i s p a t c h e r  is  
concerned, h i s  ope ra t ion  would remain t h e  
same. He would s t i l l  have t h e  c a r r i e r  
phone speaker and microphone loca t ed  a t  
h i s  d i spa tch ing  pos i t i on ;  however, t h e  
c o n t r o l  and audio s i g n a l s  would be t r ans -  
mi t ted  from h i s  pos i t i on  through a 
twis ted  sh i e lded  p a i r  t o  t h e  remote 
t r a n s c e i v e r  ( f i g .  5-16). Thus, i t  would 
be necessary t o  run an  audio cable  f o r  
whatever d i s t a n c e  was necessary t o  reach 
t h e  cen te r  of the  mine. In  mines where 
mul t ipa i r  te lephone cable  is  used, a p a i r  
may be a v a i l a b l e  f o r  t h i s  purpose. I f  
no t ,  t h e  expense and inconvenience of in -  
s t a l l i n g  such a cable  would be j u s t i f i e d  
t o  a s su re  adequate coverage f o r  t h e  d i s -  
pa tcher ' s  commnicat ion system. 
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FIGURE 5-16. - Dispatcher's remote transceiver. 

5.3.ld Summary 

A s u b s t a n t i a l  number of t h e  problems 
a s s o c i a t e d  wi th  maintaining good t r o l l e y  
comuunication systems can be avoided by 
advanced planning. For those  planning a 
comuunication system f o r  a new mine, t h e  
fo l lowing  sugges t ions  a r e  o f f e red  t o  as -  
s u r e  optimum opera t ion  of t he  t r o l l e y  
c a r r i e r  phone system when i n s t a l l e d :  

1. I f  t he  t r o l l e y  wire  i s  sec t ion-  
a l i z e d ,  make s u r e  capac i to r s  ( 5  pF, 
1,000 v o l t s )  (some systems may r e q u i r e  
even h igher  vol tage  components) t i e  t h e  
s e c t i o n s  together .  

2. Plan t o  ope ra t e  a s  many aux i l -  
i a r y  loads  a s  i s  p r a c t i c a b l e  on mine a c  
power r a t h e r  t han  from t h e  t r o l l e y  wi re  
power. 

3. Consider t h e  use  of a dedica ted  
w i r e  t o  a i d  s i g n a l  propagation. 

4. Se l ec t  c a r r i e r  phone t ransce iv-  
e r s  t h a t  show a high value of standby 
impedance. 

5. I n s i s t  t h a t  veh ic l e  manufactur- 
e r s  i n d i c a t e  t h e  88- t o  100-kHz opera t ing  
impedance of t h e i r  veh ic l e s ,  and s e l e c t  
veh ic l e s  t h a t  show high ope ra t ing  imped- 
ance a t  t h e  c a r r i e r  frequency. 

6. If poss ib l e ,  use a t  l e a s t  a 50- 
f o o t  setback f o r  r e c t i f i e r s  t h a t  a r e  t o  
be i n s t a l l e d  i n  t h e  mine; t h i s  se tback  
w i l l  permit tun ing  of t h e  r e c t i f i e r  l eads  
t o  r a i s e  t h e  impedance of t h e  r e c t i f i e r .  

7. Ask t h e  r e c t i f i e r  manufacturers 
t o  supply i n t e r n a l  f i l t e r s  i n  s e r i e s  w i th  
t h e  vol tage  t o  r a i s e  t h e  c a r r i e r  f r e -  
quency impedance t o  a high l eve l .  

8. Plan and design i s o l a t o r s  f o r  
a l l  o the r  app rec i ab le  br idging  loads 
ac ros s  t h e  t r o l l e y  wi re  r a i l .  

5.3.2 Improving Telephone Systems 

A s  mentioned e a r l i e r ,  hardwired 
phone systems f a l l  i n t o  t h r e e  major cate-  
go r i e s :  s i n g l e  p a i r  (pa r ty - l i ne ) ,  m u l t i -  
p a i r ,  and mul t ip lex  phone systems. A ma- 
j o r  disadvantage of s i n g l e - p a i r  systems 
i s  t h a t  each te lephone must be used i n  a 
par ty- l ine  arrangement. This  prevents  
simultaneous conversat ions i n  t h e  system 
and reduces i ts  usefu lness  f o r  d i scuss ing  
maintenance problems o r  o t h e r  uses  t h a t  
can t i e  up t h e  system f o r  long per iods  of 
time. Mul t ipa i r  and mul t ip lex  systems 
provide f o r  many simultaneous conversa- 
t i o n s  but u n t i l  r e c e n t l y  d id  not  possess  
t h e  paging a b i l i t y .  

A l l  t h r e e  of t hese  systems can usu- 
a l l y  be improved i f  t h e  b a s i c  reasons f o r  
poor performance o r  high no i se  l e v e l s  a r e  
understood. For ins tance :  

Heavier gage wire  p re sen t s  l e s s  a t -  
t enua t ion  t o  t h e  s i g n a l  and r e s u l t s  i n  
b e t t e r  coverage over  g r e a t e r  d i s tance .  

Sp l i c ing  technique has a l a r g e  e f -  
f e c t  on s i g n a l  s t r eng th .  

Twisted p a i r  cab le  can reduce n o i s e  
pickup. 



Even when proper precautions have 
been taken, all hardwired systems are in- 
herently unreliable. For example, if a 
telephone line is broken or shorted by a 
roof fall, all telephones beyond that 
point are severed from communication to 
the outside. If the line is shorted, 
communications in the entire system may 
be severely affected or lost completely. 
These deficiencies can be corrected by 
the following methods: 

Adding loopback to the phone line. 

Sectionalizing the phone system. 

5.3.2a Loopback Methods 

A major disadvantage of any wired 
phone system is its dependence upon a 
continuous phone line running throughout 
the mine. If this phone line is broken, 
communication with all phones inby the 
break is lost. Alternate communication 
paths, or loopbacks, can be established 
as shown in figure 5-17 to overcome this 
deficiency. If a line break should oc- 
cur, the loopback switch can be closed, 
allowing each and every phone to still 
communicate with all other phones in the 
system. 

Another way to implement loopback is 
to return the phone line to the main 
shaft using a different underground path. 
No matter which method of loopback is 
used, the operation of the systems is 
similar. During normal operation the 

DISPATCHERS LOCATION - 
LOOPBACK PHONE 

\ LOOPBACK W I T C H  

LINE BREAK 

MAIN  CABLE 

loopback switch is left in the open posi- 
tion. If a line break should occur any- 
where in the underground phone line, the 
loopback switch can be closed and each 
phone will still be able to communicate 
with other phones. Depending upon the 
physical layout of the mine, forming an 
underground loop may actually require 
less wire than if a single line is strung 
with many branches running to the indi- 
vidual phones. It is imperative that the 
loopback switch be always left open under 
normal conditions to avoid "masking" line 
breaks. 

Another method of establishing loop- 
back is by using an overland radio link. 
In this type of system the mine telephone 
signals are returned from the end of the 
line to the surface through a ventilation 
shaft or borehole. At the surface a two- 
way radio base station establishes an 
overland radio link to a second station 
near the dispatcher or general mine fore- 
man's office. Note that provisions must 
be made for dc paging. 

Each of the loopback systems de- 
scribed above utilized a loopback switch 
that during normal operation (no line 
breaks) is left in the "open" position. 
This loopback switch serves an important 
function in any loopback system. For in- 
stance, consider what would happen in 
a loopbacked system with no loopback 
switch, or if the switch is normally left 
closed. No communication outages would 
be experienced when the first line break 
occurred because each phone would still 
be connected, through one or the other 
legs of the loop, to the system. The 
problem is that unless someone under- 
ground noticed the broken phone line, 
everyone would assume that the system 
was completely intact because no c o w  
muni.cation difficulties were being exper- 
ienced. The system could operate in this 
mode for a long period of time. How- 
ever:, when a second line break occurred 
comnnxnications to and from all phones be- 

I I I tween the two breaks would be lost. Note 
also that each time the dispatcher talks 
he hears himself on the loopback phone. 
This feature alone assures that the phone 

FIGURE 5-17. - Phoneline loopback. line is intact. 



5.3.2b S e c t i o n a l i z i n g  t h e  Underground 
Network 

The d e s i r a b i l i t y  of s e l e c t i v e  area 
paging and s imul taneous  c o n v e r s a t i o n  
c a p a b i l i t y  a l o n g  w i t h  t h e  maximum p o s s i -  
b l e  use  of two-wire t r a n s m i s s i o n  l i n e  
makes t h e  u s e  of a zoning o r  s e c t i o n a l -  
i z a t i o n  of t h e  mine t e l e p h o n e  system at- 
t r a c t i v e .  I n  t h i s  method, each zone o r  
s e c t i o n  i n  t h e  underground complex is 
s e r v e d  by i t s  own c a b l e  p a i r .  

To see how t h e  t e lephone  s e c t i o n s  
would be i n t e r c o n n e c t e d ,  c o n s i d e r  t h e  
s i m p l i f i e d  f o u r - s e c t i o n  system shown i n  
f i g u r e  5-18. Within  e a c h  area, t h e  pag- 
i n g  t e l e p h o n e s  would o p e r a t e  normally.  
That is,  a l l  phones i n  each a r e a  would 
o p e r a t e  on a  p a r t y - l i n e  b a s i s .  When con- 
t a c t  w i t h  a  phone o u t s i d e  t h e  l o c a l  a r e a  
i s  d e s i r e d ,  connec t ion  t o  t h e  a r e a  being 
c a l l e d  would be made a t  an o u t s i d e  cen- 
t r a l  exchange. This  t y p e  of system could 
a l s o  be made more r e l i a b l e  by having two 
d i f f e r e n t  s i g n a l  p a t h s  ( loopbacks)  a v a i l -  
a b l e  between each  a r e a  and t h e  c e n t r a l  
exchange. 

FIGURE 5-18. - S e c t i o n o l i z o t i o n  o f  a phone system. 

5.3.3 Summary 

Advanced p lann ing  i s  e s s e n t i a l  t o  
t h e  s u c c e s s f u l  d e s i g n  and i n s t a l l a t i o n  
of any communication system. The d e s i g n  
p l a n  should t a k e  i n t o  c o n s i d e r a t i o n  
changes i n  sys tem requ i rements  t o  m e e t  
communication demands throughout  t h e  en- 
t i re  l i f e  of t h e  mine. 

S i n g l e - p a i r ,  m u l t i p a i r ,  and mul t i -  
p l e x  systems are t h e  b a s i c  c h o i c e s  a v a i l -  
a b l e  once it has  been determined t h a t  
a hardwired system w i l l  b e s t  meet t h e  
communication requirements .  A cons ider -  
a b l e  pe rcen tage  of t h e  expense involved 
i n  each  of t h e s e  systems i s  due t o  t h e  
d i s t r i b u t i o n  ( c a b l e )  network,  and advance 
p lann ing  is  e s p e c i a l l y  c r i t i c a l  i n  t h i s  
area. Wire l i n e s  t o  meet t e l e m e t r y  re- 
qu i rements  f o r  remote c o n t r o l  and inon- 
i t o r i n g  of equipment and a tmospher ic  
c o n d i t i o n s  shou ld  a l s o  be recognized.  
Note t h a t  MSHA r e g u l a t i o n s  may prohib- 
i t  running two systems i n  a  s i n g l e  
cab le .  

Methods a l s o  e x i s t  t h a t  a l low im-  
provement of systems a l r e a d y  i n s t a l l e d .  
The performance of t r o l l e y  c a r r i e r  sys-  
t e m s  can be improved by removing o r  i s o -  
l a t i n g  b r i d g i n g  l o a d s  on t h e  t r o l l e y  w i r e  
t h a t  cause  s i g n a l  a t t e n u a t i o n .  Dedicated 
l i n e s  o r  remote t r a n s c e i v e r s  can a l s o  be 
used t o  improve t h e  q u a l i t y  of t h e s e  
systems. 

General  maintenance and s p l i c i n g  
t e c h n i q u e  can have a l a r g e  e f f e c t  on t h e  
q u a l i t y  of v o i c e  s e r v i c e  over  w i r e  phone 
systems.  These systems can a l s o  be made 
more r e l i a b l e  by p r o v i d i n g  loopback 
p a t h s  s o  t h a t  each phone w i l l  remain con- 
n e c t e d  t o  t h e  sys tem i n  c a s e  of a l i n e  
break.  
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CHAPTER 6.--INSTALLATION TECHNIQUES 

6.1 The Bas ic  Philosophy 

The investment  involved i n  any com- 
municat ion system r e p r e s e n t s  a  cons ider -  
a b l e  sum. Even though i t  is d e s i r a b l e  
t h a t  t h e  system work proper ly  each and 
eve ry  t i m e  i t  is c a l l e d  i n t o  use ,  some 
f a i l u r e s  a r e  bound t o  occur.  Most f a i l -  
u r e s ,  however, and e s p e c i a l l y  those  t h a t  
occur  most f r e q u e n t l y ,  a r e  due t o  poor 
i n s t a l l a t i o n  techniques .  An e x t r a  hour 
s p e n t  a t  an i n s t a l l a t i o n  s i t e  can save 
many maintenance t r i p s  and many f r u s t r a t -  
i n g  hours  of system t roubleshoot ing .  

Typica l  f a u l t s  l i k e l y  t o  cause com- 
municat ion ou t r age  a r e  

Pager phone systems 

Each i n s t a l l a t i o n  should be we l l  
planned. A f t e r  an i n s t a l l a t i o n  i s  
completed,  t h e  t e c h n i c i a n  should a sk  
t h e  ques t i on ,  "What can go wrong wi th  
t h i s  u n i t  o r  l i n e ? "  Remember t h e  adage,  
"Whatever can go wrong, w i l l .  " Preven- 
t i v e  measures taken du r ing  i n s t a l l a t i o n  
w i l l  pay o f f  i n  t h e  long run. 

6.2 Pager Phone In s  t a l l a t  i o n  

The pager phones used i n  many under- 
ground c o a l  mines a r e  ba t te ry-opera ted  , 
pa r ty - l i ne  t e lephones  wi th  p rov i s i ons  f o r  
loudspeaker  paging. The system i s  usual-  
l y  two-wire, nonpola r ized ,  and opera ted  
by se l f -con ta ined  b a t t e r i e s .  Many of t h e  
i n d i v i d u a l  u n i t s  a r e  c e r t i f i e d  a s  
permiss ib le .  

Poor s p l i c e s  aggravated by cor ros ion .  6.2.1 Mounting 

S t r a i n  r e l i e f  no t  provided. 

Dr ip  loop  n o t  provided. 

I n c o r r e c t  branch connect ions .  

Over loading t h e  c i r c u i t .  

Poor b a t t e r y  connect ions .  

Improper w i r e  s i z e  o r  type.  

L igh tn ing  s t r i k e s .  

Improper placement of w i r e  runs.  

C a r r i e r  phones 

Mounting t r a n s c e i v e r  near  load r e s i s -  
t o r s  o r  o t h e r  sou rce s  of heat .  

Tracks  no t  e l e c t r i c a l l y  bonded. 

Cable ab r a s ion  due t o  poor mounting 
l o c a t i o n .  

Disconnected b a t t e r y .  

Pager phones a r e  designed t o  be 
mounted on an  u p r i g h t  suppor t  a t  t h e  
d e s i r e d  l oca t i on .  For convenience,  t h e  
phone should be mounted 5 f e e t  above t h e  
f l o o r  where t h e r e  is  no o b s t r u c t i o n  t o  
u s i n g  t h e  handset  o r  removing t h e  cab ine t  
f r o n t  cover f o r  s e r v i c i n g  o r  b a t t e r y  re-  
placement. In  low-coal s i t u a t i o n s ,  a 
s u i t a b l e  he igh t  f o r  i n s t a l l a t i o n  should 
be  s e l e c t e d  convenient  t o  t h e  normal 
o p e r a t o r ' s  p o s i t i o n  a t  t h e  s i t e  s e l e c t e d .  
About 12 inches  of f r e e  space  on each 
s i d e  of t h e  phone should be provided f o r  
c a b i n e t  access .  The phone should be pro- 
t e c t e d  a g a i n s t  d i r e c t  exposure t o  d r i p -  
p ing  water  and should no t  be allowed 
t o  r e s t  i n  a  puddle of water .  The mount- 
i n g  l o c a t i o n  should be convenient  t o  
a  work l o c a t i o n  and have a  s a f e ,  unob- 
s t r u c t e d  a r e a  f o r  a  worker t o  s t a n d  and 
u s e  t h e  phone. The phone must be i n  a  
l o c a t i o n  where t h e  worker w i l l  no t  be i n  
t h e  pa th  of moving v e h i c l e s  o r  f a l l i n g  
d e b r i s .  Each te lephone is  normally w e l l  
i n s u l a t e d ,  but  i t  is s t i l l  good p r a c t i c e  
t o  provide an i n s u l a t i n g  m a t  o r  dry 
planking f o r  t h e  u se r  t o  s t a n d  on. 

Poor mechanical  i n s t a l l a t i o n .  



6.2.2 Connections 

For handl ing convenience,  t he  branch 
l i n e  o r  connect ing c a b l e  t o  each ind iv id-  
u a l  te lephone can be a  l i g h t e r  wi re  gage 
t han  t h e  main cab le .  Each connect ion t o  
t h e  main l i n e  should be a  good e l e c t r i c a l  
and mechanical j o i n t ,  p ro t ec t ed  by a  
c a r e f u l  double wrap of p l a s t i c  e l e c t r i c a l  
t ape .  

Spec i a l  c a r e  should be taken t o  in-  
s u r e  t h a t  each s p l i c e  i s  a  good e l e c t r i -  
c a l  and mechanical connection. Connec- 
t i o n s  t h a t  a r e  of poor o r  marginal  
q u a l i t y ,  o r  t h a t  a r e  no t  adequately  pro- 
t e c t e d  from mois ture ,  w i l l  c o n t r i b u t e  t o  
poor performance. During per iods  when 
humidity l e v e l s  a r e  h igh ,  e s p e c i a l l y  dur- 
i n g  t h e  summer months, co r ro s ion  w i l l  
form on a l l  exposed s p l i c e s .  As t h i s  
c o r r o s i o n  b u i l d s ,  audio l e v e l s  decrease  
and l i n e  n o i s e  i n c r e a s e s  u n t i l  even tua l l y  
t h e  e n t i r e  system becomes u se l e s s .  

Connections a t  t h e  phone depend on 
each  manufac ture r ' s  des ign  and on i n d i -  
v i d u a l  s t a t e  o r  l o c a l  requirements .  A 
majo r i t y  of t h e  phones provide two ex- 
posed spring-loaded t e rmina l s  f o r  a t t a c h -  
i n g  t h e  wi res .  For proper  connect ion,  i t  
i s  necessary t o  s t r i p  t h e  i n s t a l l a t i o n  
away from each conductor i n  t h e  p a i r ,  
s e a l  o f f  t he  exposed a r e a  of t h e  cab l e  
w i t h  p l a s t i c  e l e c t r i c a l  t ape  t o  keep ou t  
mois ture ,  and then  i n s e r t  one of t he  ex- 
posed conductors  i n t o  each of t h e  cab ine t  
t e rmina l s .  Some s t a t e s ,  such a s  Pennsyl- 
van i a ,  do not  allow t h e  use of exposed 
t e rmina l s  a t  t h e  f a c e  a r e a  of gassy 
mines. For t h e s e  a p p l i c a t i o n s ,  some 
phones a r e  equipped wi th  twis t - lock con- 
n e c t o r s  a t  t h e  end of a  s h o r t  cab le .  
Each connector  i s  mated wi th  a  s i m i l a r  
connector  on t h e  drop o r  branch l i n e  t o  
complete t h e  i n s t a l l a t i o n .  I n  e i t h e r  
type  of i n s t a l l a t i o n ,  t h e r e  should be a  
d r i p  loop below t h e  cab ine t  t o  prevent  
condensate  from running down t h e  cab l e  
i n t o  t h e  cab ine t .  

6.2.3 B a t t e r i e s  

Pager phones a r e  u sua l l y  opera ted  by 
one ( o r  two) 12-volt ,  d ry -ce l l  b a t t e r i e s ,  

NEDA No. 923 o r  No. 926 (Nat iona l  Elec- 
t r o n i c  D i s t r i b u t o r s  Assoc ia t ion) .  To in- 
s t a l l  b a t t e r i e s ,  i t  is  necessary t o  open 
t h e  pager phone cab ine t  and i n spec t  t h e  
b a t t e r y  compartment. Remove t h e  o ld  ba t -  
t e r y  by loosening t h e  r e t a i n i n g  clamp, 
and e i t h e r  unscrew the  b a t t e r y  te rmina ls  
t o  r e l e a s e  t h e  b a t t e r y  wi res  o r  remove 
t h e  b a t t e r y  plug,  depending on t h e  bat-  
t e r y  type.  Remove t he  b a t t e r y ,  and care-  
fu1l:y wipe ou t  t he  b a t t e r y  compartment t o  
remove d i r t  and moisture.  Place a  f r e s h  
b a t  tlery i n  t h e  compartment, and s ecu re  
t h e  r e t a i n i n g  clamps t i g h t  enough t o  re-  
s t r a i n  t h e  b a t t e r y  without  c rush ing  o r  
bending t h e  b a t t e r y  case.  Reconnect t h e  
b a t t e r y  w i r e s ,  being c a r e f u l  t o  observe 
t h e  p o l a r i t y  markings noted on t h e  case .  
I f  t h e  plug-connector type  is  used,  do 
n o t  f o r c e  t h e  connector.  Cor rec t  po la r -  
i t y  i s  maintained when t h e  l a r g e r  connec- 
t o r  p i n  f i t s  i n  t h e  l a r g e r  hole .  The 
d i f f e r e n c e  i n  p in  s i z e s  is  no t  g r e a t ,  so  
a  mismatch can be forced.  I f  t he  connec- 
t o r  does no t  mate e a s i l y ,  r eve r se  i t  and 
t r y  aga in  without  f o r c ing .  Af t e r  rep lac-  
i n g  t h e  b a t t e r y ,  c l o s e  t h e  cab ine t  and 
mark t h e  d a t e  of b a t t e r y  replacement 
e i t h e r  on t h e  ou t s ide  of t he  cab ine t  o r  
i n  a  l og  book. 

CAUTION 

Pager phone c i r c u i t s  a r e  normal- 
l y  designed t o  provide s u f f i c i e n t  
c u r r e n t  l i m i t i n g  wi th  t h e  s p e c i f i e d  
b a t t e r y .  I f  o t h e r  b a t t e r y  types  a r e  
used,  such a s  t he  nickel-cadmium re-  
chargeable  type o r  one of t h e  a lka-  
l i n e ,  l ong - l i f e ,  h igh-current  va r i -  
e t i e s ,  t he  c i r c u i t  may not be a b l e  t o  
l i m i t  t h e  a v a i l a b l e  cu r r en t  t o  a  s a f e  
va lue .  REPLACE WITH RECOMMENDED 
BA,TTERY ONLY. --- 

A 

Bat t e ry  l i f e  is  no t  easy t o  p r e d i c t ,  
beca.use of t h e  many ope ra t i ng  v a r i a b l e s  
t h a t  a f f e c t  t he  average c u r r e n t  d r a in .  
I n  g e n e r a l ,  t h e  b a t t e r i e s  i n  a  te lephone 
system t h a t  i s  used many times a  day may 
have t o  be rep laced  every 4 t o  6  weeks, 
whi1.e a  te lephone system t h a t  is  seldom 
used may keep i t s  b a t t e r i e s  a t  usab le  
s t r e n g t h  f o r  4 t o  6  months. 



Each b a t t e r y  change should be re-  
corded,  e i t h e r  on t h e  te lephone cab ine t  
o r  i n  a  c e n t r a l  log.  Experience gained 
ove r  a  pe r i od  of t ime w i l l  h e lp  p r e d i c t  
when a  b a t t e r y  i n  a  p a r t i c u l a r  phone is  
r each ing  t h e  end of i t s  u s e f u l  l i f e .  
P e r i o d i c  v e r i f i c a t i o n  of b a t t e r y  s t a t u s  
a t  each phone should be made w i th  a  v o l t -  
mete r  and recorded i n  t h e  log.  (Measure 
b a t t e r y  v o l t a g e  wh i l e  under l oad ;  t h a t  
i s ,  du r ing  paging.)  When t h e  b a t t e r y  
v o l t a g e  d rops  t o  a  va lue  t h a t  i s  75% t o  
80% of t h e  i n s t a l l e d  l e v e l ,  i t  should be 
rep laced .  For example, f o r  a  12-volt  
b a t t e r y ,  t h e  replacement l e v e l  i s  about  
8  t o  9 v o l t s .  

6.2.4 Fuses 

Fuses  a r e  provided i n  pager  t e l e -  
phones a s  an  added p r ecau t i on  a g a i n s t  ex- 
c e s s i v e  c u r r e n t  i n  t h e  e x t e r n a l  c i r c u i t .  
Cu r r en t - l im i t i ng  c i r c u i t r y  is normally 
provided i n  t h e  t e lephone ,  but  t h e  f u s e  
i s  a n  a d d i t i o n a l  sa feguard .  No p rov i s i on  
i s  made i n  most phones t o  s t o r e  a  s p a r e  
f u se .  It is  good p r a c t i c e  t o  t ape  two 
a d d i t i o n a l  s p a r e  f u s e s  t o  t h e  i n s i d e  of 
t h e  c a b i n e t  when t h e  phone is f i r s t  in-  
s t a l l e d .  Then, t h e  c o r r e c t  f u s e  w i l l  be 
a v a i l a b l e  a t  t h e  phone i f  i t  is  needed. 
Make s u r e  t h e  f u s e s  do no t  and cannot 
s h o r t  c i r c u i t  any c i r c u i t r y .  

6.2.5 Ampl i f i e r  Loudness 

Each pager  phone has  a  loudspeaker ,  
powered by i t s  own i n t e r n a l  a m p l i f i e r ,  
t h a t  is switched on by t h e  dc  paging s i g -  
n a l .  The a v a i l a b l e  aud io  power is  about  
5 w a t t s ,  which is adequate  t o  be heard  
above most mine no i s e s .  Many te lephones  
have a  volume c o n t r o l  f o r  t h e  speaker .  
During i n s t a l l a t i o n ,  t h e  speaker  should 
b e  o r i e n t e d ,  and t h e  volume s e t ,  t o  in-  
s u r e  adequa te  coverage i n  t h e  a r ea .  

During s e t u p ,  someone should page 
f rom ano the r  l o c a t i o n  t o  t h e  phone being 
i n s t a l l e d .  The volume c o n t r o l  should be 
s e t  t o  t h e  d e s i r e d  l e v e l  du r ing  t h e  pag- 
ing .  The te lephone  c a b i n e t  should be 
p o s i t i o n e d  t o  d i r e c t  maximum sound t o  
t h e  work a rea .  

6.3 Phone Lines  and Transmission Cables 

6.3.1 Phone Lines  

The c a b l e  used t o  i n t e r c o n n e c t  un- 
derground pager phones must be rugged 
enough t o  wi ths tand  t h e  underground envi-  
ronment and a l s o  have t h e  proper  e l e c -  
t r i c a l  c h a r a c t e r i s t i c s  f o r  requirements  
of t h e  pager system. Genera l ly ,  t h e  
c a b l e  used f o r  t h i s  purpose i s  a  t w i s t e d  
p a i r  of sol id-conductor  wi res  t h a t  has  a  
nonwater-absorbing, f l ame- re ta rdan t  insu-  
l a t i o n  w i th  a  r a t i n g  of 600 v o l t s  dc  and 
an o u t e r  a b r a s i o n - r e s i s t a n t  cover ing.  
The conductor used depends on t h e  i n s t a l -  
l a t i o n ;  recommended s i z e s  a r e  19 AWG t o  
14 AWG. 

Many te lephones  used underground, 
p a r t i c u l a r l y  t hose  used a t  t h e  working 
f a c e ,  a r e  s u b j e c t  t o  p e r i o d i c  r e l o c a t i o n .  
To al low f o r  t h i s ,  and t o  reduce t h e  
problems a s s o c i a t e d  w i th  repea ted  cab l e  
s p l i c i n g ,  some convenient  l e n g t h  of wi re  
( s a y ,  500 f e e t )  can be inc luded  a s  p a r t  
of t h e  branch l i n e .  This  e x t r a  wi re  can 
be kep t  r e e l e d ,  o r  n e a t l y  c o i l e d  i n  a  
bundle and secured  wi th  a  few wraps of 
p l a s t i c  e l e c t r i c a l  tape.  The e x t r a  w i r e  
should be hung near  t h e  t e lephone  i n  a  
p l ace  f r e e  of d r i pp ing  water  o r  wate r  ac- 
cumulat ion,  and should be suppor ted  by an 
i n s u l a t e d  hanger t h a t  is i s o l a t e d  from 
power o r  t r o l l e y  wires .  The p r a c t i c e  of 
c o i l i n g  t h e  cab l e  i s  recommended, but  
w i th  c e r t a i n  r e s t r i c t i o n s .  I f  t h e  c ab l e  
i s  used t o  t r an smi t  monitor s i g n a l s  v i a  
an  RF ( r a d i o  f requency)  c a r r i e r  imposed 
on t h e  two-wire pager phone l i n e ,  t h e  
c o i l e d  c a b l e  becomes an i nduc to r  t h a t  
w i l l  impede t h e  proper  t r an smi s s ion  of 
t h e  RF s igna l . '  

Methods and recommended techn iques  
f o r  t h e  permanent i n s t a l l a t i o n  of phone 
l i n e s  a r e  p resen ted  i n  a  Bureau of Mines 

l The a d d i t i o n  of equipment t o  a  phone 
system could v i o l a t e  i n t r i n s i c  s a f e t y  
s t anda rds ;  check wi th  MSHA f o r  d e t a i l e d  
a p p l i c a t i o n  in format ion .  



handbook (2) , inc lud ing  i n s  t a l l a t  i on ,  
l i g h t n i n g  p r o t e c t i o n ,  cab l e  s e l e c t i o n ,  
and s p l i c i n g  methods. Note t h a t  30 CFR 
s p e c i f i e s  c e r t a i n  requirements f o r  cab le  
i n s t a l l a t i o n .  

6.3.2 Leaky Feeder Cable 

I n s t a l l a t i o n  of leaky feeder  cab le  
r e q u i r e s  some s p e c i a l  techniques.  A typ- 
i c a l  i n s t a l l a t i o n  of l eaky  feeder  cab l e  
i s  shown i n  f i g u r e  6-1. For i n s t z l l a t i o n  
of t h e  r e p e a t e r s ,  r e f e r  t o  t h e  manufac- 
t u r e r ' s  i n s t a l l a t i o n  guide. Hanging t h e  
l eaky  f eede r  cab l e  r e q u i r e s  clamps such 
a s  those  used f o r  condui t s  o r  o t h e r  power 
cab les .  In  a r e a s  where cor ros ion  may be 
a  problem, s t a i n l e s s  s t e e l  o r  p l a s t i c  
clamps should be used. v p i c a l  hangers 
a r e  shown i n  f i g u r e  6-2. The type of in- 
s u l a t e d  hanger shown suppor t s  t he  leaky 
f e e d e r  cab l e  from t h e  messenger cable.  
Leaky f eede r  cab l e  should be supported a t  
i n t e r v a l s  of 5  f e e t  and i s  usua l ly  termi- 
na t ed  w i th  an antenna. 

6.4 C a r r i e r  Phone I n s t a l l a t i o n  

The primary func t ion  of t h e  c a r r i e r  
phone system is t o  provide a  r e l i a b l e  
communication network over which t h e  d i s -  
pa t che r  can d i r e c t  a l l  t racked  veh ic l e  

2 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  re- 
f e r  t o  i t e m s  i n  t h e  b i b l i o g r a p h y  a t  t h e  
end of t h i s  c h a p t e r .  
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FIGURE 6-1. - T y p i c a l  ins ta l  lat ion.  

M E T A L  HANGER 

t r a f  f:ic i n  t h e  mine. The s a f e t y  and pro- 
d u c t i v i t y  of t h e  mine depend, t o  a  l a r g e  
measure, on t h e  a b i l i t y  of t he  d i spa t che r  
t o  maintain d i r e c t  contac t  wi th  a l l  mo- 
tormen v i a  t h e  c a r r i e r  phone system. For 
t h i s  reason,  t he  c a r r i e r  phone i n s t a l l a -  
t i o n  should be c a r e f u l l y  thought o u t ,  and 
t h e  workmanship should be of t h e  h ighes t  
c a l i b e r .  

CAUTION 

I n s t a l l a t i o n  procedures i n  t h i s  
s e c t i o n  a r e  gu ide l ines  and not  com- 
prehensive t e c h n i c a l  i n s t r u c t i o n s .  
Procedures descr ibed i n  t h i s  s e c t i o n  
must be performed by people thorough- 
l y  q u a l i f i e d  t o  do such work. In- 
s t a l l a t i o n s  should comply wi th  manu- 
f  a c t u r e r '  s recommendations, good 
s a f e t y  procedures,  and a l l  app l i cab l e  
codes and r egu la t i ons .  

6.4.1 The Dispatcher  Location 

The t r end  i n  modern coa l  mining is  
t o  l o c a t e  t h e  d i spa t che r  aboveground i n  a  
s e p a r a t e  bu i ld ing  o r  a  s e p a r a t e  room i n  
t h e  rnine o f f i c e  complex. This l o c a t i o n  
provides  a  cont inuously manned communica- 
t i o n s  cen t e r  even i f  t he  mine must be 
evacuated owing t o  emergencies o r  ven t i -  
l a t i o n  f a i l u r e s .  Since 1974 the  mining 
laws of West V i rg in i a  have requi red  t h a t  
t h e  d i spa t che r  be l oca t ed  on t h e  su r f ace  
i n  a l l  new mines and f o r  e x i s t i n g  mines 
i f  t h e  d i spa t che r  is  r e loca t ed  ( A r t i c l e  
22-2--37, Pa r t  T5). 

Underground d i s p a t c h e r s 1  l o c a t i o n s  
vary g r e a t l y ,  depending on t h e  mine lay-  
o u t  and growth. The two most common lo- 
c a t i o n s  chosen a r e  a t  t he  bottom of t he  
main s h a f t  o r  near  t he  phys ica l  cen t e r  of 
t h e  mine. 

The c a r r i e r  phone equipment is  usu- 
a l l y  i n s t a l l e d  on a  panel which is  
mounted on a  wal l  ad jacent  t o  t h e  d i s -  
pa t che r s '  desk. l 'his panel provides  one 
convenient l o c a t i o n  f o r  a l l  t h e  subassem- 
b l i e s  t h a t  make up a  c a r r i e r  phone and 

INSULATED MESSENGER p r o t e c t s  t h e  i n t e r connec t ing  cab l e s  
CABLE HANGER from unnecessary f l e x i n g  and s t r e t c h i n g .  - - 

FIGURE 6-2. - Hanger hardware. The panel  should be made from a t  l e a s t  



118-inch-thick s t e e l  p l a t e  i f  t h e  c a r r i e r  
phone u s e s  a  power-condit ioning u n i t  o r  
r e s i s t o r  box t h a t  c o n t a i n s  s e r i e s -  
dropping r e s i s t o r s .  

CAUTION 

Remove t h e  e l e c t r o n i c  subassem- 
b l i e s  from t h e  mounting p l a t e  d u r i n g  
welding o p e r a t i o n s .  Keep a l l  e l e c -  
t r i c a l  c a b l e s  and o t h e r  n o n m e t a l l i c  
m a t e r i a l s  away from t h e  welding a r e a .  
Th is  w i l l  p reven t  t h e  c a r r i e r  phone 
components from be ing  damaged by h e a t  
d u r i n g  welding o p e r a t i o n s .  

The microphone-speaker assembly i s  
t h e  on ly  p a r t  of t h e  c a r r i e r  phone t h a t  
i n t e r f a c e s  d i r e c t l y  w i t h  t h e  d i s p a t c h e r ;  
t h e r e f o r e ,  i t  must be l o c a t e d  w i t h i n  e a s y  
reach .  The speaker  volume c o n t r o l  should  
a l s o  be w i t h i n  e a s y  reach.  

Loca te  t h e  t r a n s c e i v e r  on t h e  p a n e l  
a t  e i t h e r  s i d e  of t h e  speaker  assembly,  
t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  l o c a t i o n  of 
t h e  i n t e r c o n n e c t i n g  c a b l e s .  Leave room 
f o r  t h e  e x c e s s  c a b l e  t o  be c o i l e d  up and 
s e c u r e d  t o  t h e  pane l .  

Tempera tu re - sens i t ive  e l e c t r o n i c  
c i r c u i t s  a r e  l o c a t e d  i n s i d e  t h e  t r a n s -  
c e i v e r  assembly.  T h e r e f o r e ,  i t  should be 
p r o t e c t e d  from t h e  t empera tu re  extremes 
produced by l o a d  r e s i s t o r  banks and room 
h e a t e r s .  For r e l i a b l e  o p e r a t i o n ,  t h e  am- 
b i e n t  o p e r a t i n g  t empera tu re  range t h a t  
t h e  t r a n s c e i v e r  i s  exposed t o  should be 
r e s t r i c t e d  t o  -40' t o  +140° F. 

Approximately 6  i n c h e s  of c l e a r a n c e  
shou ld  be l e f t  around a l l  s u r f a c e s  on 
which t h e  connec tors  and /or  f u s e s  a r e  
mounted. I f  p o s s i b l e ,  t h e  connector-  
mounting s u r f a c e s  should be p r o t e c t e d  
from d i r t  and mois tu re .  S u f f i c i e n t  
c l e a r a n c e  shou ld  be a l lowed t o  remove ac- 
c e s s  covers  and open-hinged pane l s  s o  
t h a t  ad jus tments  can be reached and plug- 
i n  modules can be changed. 

The power-condit ioning u n i t  is  used 
t o  conver t  t h e  t r o l l e y  v o l t a g e  ( t y p i c a l -  
l y  300 o r  600 v o l t s  dc )  o r  t h e  l o c a l  
a c  power t o  12-volt  dc  power f o r  t h e  

t r a n s c e i v e r  e l e c t r o n i c s  and t o  recharge  
t h e  b a t t e r y .  The c i r c u i t  g e n e r a l l y  used 
i n  t h i s  u n i t  c o n t a i n s  a  l a r g e  s e r i e s -  
dropping r e s i s t o r  t h a t  under normal oper-  
a t i n g  c o n d i t i o n s  d i s s i p a t e s  s e v e r a l  
hundred w a t t s .  The h igh  t empera tu re  as-  
s o c i a t e d  w i t h  t h i s  power d i s s i p a t i o n  
would be harmful t o  t h e  s e n s i t i v e  t r a n s -  
c e i v e r  c i r c u i t r y ;  t h e r e f o r e ,  i t  i s  a  
s e p a r a t e  u n i t  t h a t  can be l o c a t e d  where 
i t  w i l l  n o t  h e a t  up t h e  t r a n s c e i v e r .  
When only  t h e  se r ies -d ropp ing  r e s i s t o r  i s  
c o n t a i n e d  i n  t h i s  u n i t ,  i t  i s  c a l l e d  a  
r e s i s t o r  box. It is  a l s o  r e f e r r e d  t o  a s  
t h e  b a t t e r y  charger  by some manufactur-  
e r s ;  i n  t h i s  c a s e ,  i t  would c o n t a i n  t h e  
dropping r e s i s t o r s  and t h e  charging 
c i r c u i t s .  

The main c o n s i d e r a t i o n  when l o c a t i n g  
t h i s  u n i t  i s  i t s  h e a t  d i s s i p a t i o n  and i t s  
r e l a t i o n s h i p  t o  t h e  h e a t - s e n s i t i v e  t r a n s -  
c e i v e r .  The h e a t  i s  d i s s i p a t e d  i n t o  t h e  
ambient a i r  and i n t o  t h e  s t r u c t u r e  on 
which i t  i s  f a s t e n e d ;  t h e r e f o r e ,  i t  i s  
impor tan t  t o  f o l l o w  t h e  manufac tu re r ' s  
mounting i n s t r u c t i o n s  c a r e f u l l y .  

The power u n i t  should  never  be 
mounted below t h e  t r a n s c e i v e r  ( h e a t  
r i s e s )  o r  t h e  speaker  enc losure .  Keep 
t h e  power u n i t  a  minimum of 6  i n c h e s  away 
from e i t h e r  s i d e  o r  t h e  t o p  of t h e  t r a n s -  
c e i v e r .  I f  mine personne l  can come i n  
c o n t a c t  w i t h  t h e  h o t  s u r f a c e s  of t h e  
power-condit ioning u n i t ,  a  p r o t e c t i v e  
g r i l l e  should  be added. Th is  g r i l l e  
should  be open a t  t h e  t o p  and bottom t o  
a l low f o r  p roper  a i r  c i r c u l a t i o n .  

A 12-volt  lead-acid  automotive-type 
s t o r a g e  b a t t e r y  i s  most o f t e n  used a s  an 
e x t e r n a l  emergency power s o u r c e  w i t h  ca r -  
r i e r  phones. When l o c a t i n g  t h i s  type  of 
b a t t e r y ,  t h e  prime c o n s i d e r a t i o n s  should 
be t h e  a c c e s s i b i l i t y  of t h e  f i l l  caps  f o r  
s e r v i c i n g  and proper  room v e n t i l a t i o n  t o  
hand le  t h e  o u t g a s s i n g  of hydrogen. The 
b a t t e r y  should a l s o  be k e p t  away from ma- 
t e r i a l s  t h a t  a r e  s u s c e p t i b l e  t o  c o r r o s i o n  
by s u l f u r i c  a c i d .  

The i d e a l  temperature  range f o r  t h e  
b a t t e r y  is  60" t o  80' F. Low tempera- 
t u r e s  reduce c a p a c i t y  bu t  prolong b a t t e r y  



l i f e ;  high temperatures  give some addi- 
t i o n a l  capac i ty  but  reduce t o t a l  b a t t e r y  
l i f e .  Temperatures above 125" F can ac- 
t u a l l y  damage some of t h e  b a t t e r y  compo- 
nen t s  and cause e a r l y  f a i l u r e .  

Once t h e  var ious  subassemblies have 
been phys ica l ly  mounted t o  t h e  panel ,  t h e  
f i n a l  i n s t a l l a t i o n  t a s k  is  t o  make t h e  
e l e c t r i c a l  in te rconnect ions .  This pro- 
cedure c o n s i s t s  pr imar i ly  of i n s e r t i n g  
cablelnounted connectors  i n t o  t h e  proper 
r e c e p t a c l e s  on t h e  subassemblies and con- 
nec t ing  t h e  s i g n a l  and power cords i n t o  
t h e  proper mine e c t r i c a l  systems. 

A block diagram of a t y p i c a l  c a r r i e r  
phone in te rconnect ing  cable  system is  
shown i n  f i g u r e  6-3. The cab le  connected 
t o  t h e  t r o l l e y  power and/or bu i ld ing  pow- 
e r  should be i n s t a l l e d  l a s t .  The o the r  
cab le s  may be i n s t a l l e d  i n  any order  t h a t  
i s  convenient. 

CAUTION 

Clean and in spec t  a l l  connectors  
be fo re  mating. Study t h e  keying ar -  
rangement o r  p o l a r i z a t i o n  t o  prevent 
j amming and misalinement. 

Before connecting power, v e r i f y  t h a t  
t h e  RF s i g n a l  common and the  case and 
c h a s s i s  grounds a r e  a l l  connected. The 
RF s i g n a l  common should be an a l l -  
m e t a l l i c  connection t o  t h e  r a i l  system, 
even i f  t h e  d i spa t che r  i s  loca ted  above- 
ground. Of t e n  t h e  r a i l s  a r e  bonded t o  
t h e  s t e e l  s t r u c t u r a l  members of t h e  main 
s h a f t  t o  he lp  e s t a b l i s h  a good e a r t h  
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FIGURE 6-3. - Typical carrier phone intercon- 
nect ing cable system. 

ground f o r  t h e  mine. I f  t h i s  is  the  
case,,  t h e  RF s i g n a l  common can be wired 
t o  t h e  s h a f t  s t r u c t u r e  a t  t h e  su r f ace  o r  
t h e  h o i s t  house s t r u c t u r e .  A minimum 14 
AWG i n su l a t ed  copper wire should be used 
f o r  t h i s  purpose. I f  t h e  input  power is  
suppllied by t h e  t r o l l e y  wire ,  then t h e  RF 
s i g n a l  common and t h e  power common should 
be juimpered toge ther .  

Connect a l l  chas s i s  and case grounds 
from t h e  lugs o r  s tuds  provided by the  
manufacturer t o  e a r t h  ground. Do not  
r e l y  on t h e  mechanical mounting of t he  
case  f o r  a ground connection; always run 
a s epa ra t e  ground wire t o  t h e  e a r t h  
grou~nd. Refer t o  t h e  Code of Federal  
Regulat ions,  T i t l e  30, Pa r t  75, Subpart 
H ,  f o r  e x p l i c i t  grounding requirements. 

The e a r t h  ground connection o r  
buillding is  genera l ly  made t o  a m e t a l l i c  
water supply pipe o r  t o  t h e  s t r u c t u r a l  
ironwork of t he  bui lding.  I n  e i t h e r  
case ,  t h e  connection should be made c lose  
t o  where t h e  pipe o r  s t r u c t u r e  e n t e r s  the  
e a r t h  t o  i n su re  a minimum r e s i s t a n c e  be- 
tween t h e  connection and t h e  ea r th .  

The inpu t  power t o  t h e  d i spa t che r ' s  
phone i s  suppl ied from e i t h e r  t h e  t r o l l e y  
wire  ( t y p i c a l l y  300 t o  600 v o l t s  dc) o r  
t h e  l o c a l  115-volt a c  power. I f  t r o l l e y  
wire  i npu t  power is  t o  be used wi th  the  
dedica ted  l i n e  coupling method, then t h e  
in - l i ne  f u s e  holder  cable  is  connected t o  
only t h e  hot  input  power te rmina l  on the  
phone. The o the r  end of t he  cable  is  
connected t o  t he  t r o l l e y  wire. Whenever 
t r o l l e y  wire  input  power is  used, t he  
common power connection and t h e  common 
sign.al  connection a r e  jumpered toge ther  
and wired t o  t h e  r a i l s ,  

I f  t h e  c a r r i e r  phone i s  not  loca ted  
ad jacen t  t o  t h e  haulageway, then a wall-  
mounted fuse  box should be used in s t ead  
of t.he i n - l i ne  fuse,  Terminate t h e  wire  
on t.he l i n e  s i d e  of t h e  fuse  block, Us- 
i n g  t h e  same type of wi re ,  make a welded 
connect ion t o  t h e  r a i l  and run t h i s  back 
t o  t h e  fuse  box. Now, two-wire neoprene- 
jack-eted-type po r t ab l e  cable  may be 
used t o  supply power t o  t h e  d i spa t che r ' s  
phone. 



NOTE 

The m a n u f a c t u r e r ' s  d e t a i l e d  in-  
s t a l l a t i o n  i n s t r u c t i c n s  should be 
c a r e f u l l y  fol lowed t o  make c e r t a i n  
t h e  c a r r i e r  phone i s  compat ible  w i t h  
t h e  p o l a r i t y  of t h e  mine t r o l l e y  
power. 

The 12-volt  power f u s e  and t h e  t r o l - -  
l e y  power f u s e  shou ld  be removed t o  per-  
m i t  making t h e  b a t t e r y  connec t ions  with- 
o u t  a  load  immediately being p laced  
a c r o s s  t h e  b a t t e r y .  The ground.ed s i d e  of 
t h e  b a t t e r y  should be connected f i r s t .  
I f  t h e  mine h a s  a  p o s i t i v e  t r o l l e y  sys-  
tem, then  t h e  n e g a t i v e  s i d e  of t h e  ba t -  
t e r y  should be grounded. The b a t t e r y  
p o s t  i s  made of l e a d ,  a s  a r e  t h e  i n t e r n a l  
connec t ions  between t h e  p o s t  and t h e  ba t -  
t e r y  p l a t e s .  I f  t o o  g r e a t  a  t o r q u e  i s  
a p p l i e d  t o  t h e  clamping b o l t ,  t h e  i n t e r -  
n a l  connec t ions  can  develop h a i r l i n e  
f r a c t u r e s  t h a t  can  cause  an i n t e r m i t t e n t  
connec t ion .  To avo id  t h i s  c o n d i t i o n ,  a  
second wrench shou ld  be used t o  s t e a d y  
t h e  b o l t h e a d  w h i l e  t i g h t e n i n g  t h e  n u t .  

Fuses  p rov ide  a n  i n t e n t i o n a l l y  weak- 
ened p a r t  of an  e l e c t r i c  c i r c u i t  and 
t h e r e b y  a c t  a s  a  s a f e t y  v a l v e  i n  t h e  
e v e n t  of dangerous over loads .  This  pro- 
t e c t s  both  pe rsonne l  and equipment from 
p o t e n t i a l  f i r e  hazards  due t o  o v e r h e a t i n g  
o f  t h e  c a r r i e r  phone. 

Fuses  do n o t  p rov ide  p r o t e c t i o n  
from dangerous  h igh-vo l tage  shocks.  

Fuses  come i n  many s i z e s ,  t y p e s ,  and 
e l e c t r i c a l  r a t i n g s .  Always u s e  a  re- 
placement f u s e  t h a t  h a s  t h e  same r a t i n g  
a s  s p e c i f i e d  by t h e  c a r r i e r  phone 
manufac tu re r s .  

The l a s t  s t e p  i n  i n s t a l l a t i o n  is  t o  
connec t  t h e  power wire .  Two commonly 
used  i n s t a l l a t i o n  methods a r e  d i r e c t  cou- 
p l i n g  t o  t h e  t r o l l e y  w i r e ,  and s i n g l e  
d e d i c a t e d  l i n e  coup l ing .  For t h e  in -  
s t a l l e r ' s  s a f e t y ,  t h e  i n p u t  power shou ld  
be  connected l a s t .  

D i r e c t  coup l ing  invo lves  w i r i n g  t h e  
h o t  RF s i g n a l  connec t ing  p o i n t  d i r e c t l y  
t o  t h e  t r o l l e y  wire  wi th  t h e  i n - l i n e  
h o l d e r  c a b l e  provided wi th  t h e  phone. I f  
t h e  d i s p a t c h e r ' s  o f f i c e  i s  remotely 
l o c a t e d ,  then  a  f u s e  box a d j a c e n t  t o  t h e  
t r o l l e y  w i r e  should  be used.  If t h e  in-  
pu t  power t o  t h e  phone is  t.o be s u p p l i e d  
by t h e  t r o l l e y  w i r e  t y p i c a l l y  (300 t o  603 
vo1t.s dc)  , t h e n  t.he h o t  power connecti-on 
i s  jumpered t o  t h e  ho t  RF s i g n a l  connec- 
t i o n  w i t h  a  l e n g t h  of 14 AWG i n s u l a t e d  
copper wi re .  Do n o t  i n s t a l l  t h e  3-ampere 
i n - l i n e  power f u s e  u n t i l  a l l  ground con- 
n e c t i o n s  a r e  made up. 

A second m e t h ~ d  of s i g n a l  coup l ing  
i s  t o  connect  t h e  d i s p a t c h e r ' s  phone t o  a  
s i n g l e  conductor d e d i c a t e d  wire .  This 
w i r e  would o r i g i n a t e  a t  t h e  h o t  RF s i g n a l  
connec t ing  p o i n t .  

6.4.2 Vehicle  I n s t a l l a t i o n s  

The c a r r i e r  phone t y p i c a l l y  c o n s i s t s  
of a  t r a n s c e i v e r  assembly,  a microphone- 
speaker  assembly,  and power c o n d i t i o n i n g  
u n i t s ;  t h e s e  a r e  sometimes an  i n t e g r a l  
p a r t  of t h e  t r a n s c e i v e r s  ( f i g .  6-4). 
C a r r i e r  phone equipment i s  i n s t a l l e d  on 
a l l  t y p e s  of t r a c k e d  v e h i c l e s .  Three 
commonly used v e h i c l e s  found on c o a l  
hau lage  systems a r e  locomotives ,  p o r t a l  
b u s e s ,  and u t i l i t y  c a r s .  Each of t h e s e  
v e h i c l e s  has  a d i f f e r e n t  s e a t i n g  a r range-  
ment f o r  t h e  d r i v e r  ( f i g .  6-5j. 

The microphone-speaker assembly i s  
t h e  on ly  p a r t  of t h e  c a r r i e r  phone t h a t  
i n t e r f a c e s  d i r e c t l y  w i t h  t h e  v e h i c l e  
o p e r a t o r .  Thus, it must be l o c a t e d  s c  
t h a t  i t  can be e a s i l y  reached.  I f  t h e  
microphone hanger is  n o t  conven ien t ly  lo -  
c a t e d ,  it  w i l l  n o t  be used by t h e  opera- 
t o r ,  and t h e  microphone and cord  w i l l  
s u f f e r  unnecessary  damage from m i s t r e a t -  
ment. The speaker  volume c o n t r o l  should  
a l s o  be w i t h i n  easy  reach ,  and t h e  speak- 
e r  shou ld  be  po in ted  d i r e c t l y  a t  t h e  
o p e r a t o r  t o  provide t h e  b e s t  r e c e p t i o n .  

Vehic les  wi thou t  d u a l  c o n t r o l s  re-  
q u i r e  t h e  o p e r a t o r  t o  assume two d i f -  
f e r e n t  p o s i t i o n s  i n  f r o n t  of t h e  same 
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FIGURE 6-4. - T y p i c a l  carr ier   hones. 

c o n t r o l s  s o  t h a t  he  can observe t h e  t r a c k  
ahead of him. This  f u r t h e r  complicates  
t h e  p o s i t i o n i n g  of t h e  microphone-speaker 
assembly. It is  sometimes h e l p f u l  t o  use  
two microphone hangers  f o r  t h i s  type  of 
i n s t a l l a t i o n  s o  t h a t  t h e  microphone is  
convenient  no ma t t e r  which way t h e  vehi- 
c l e  i s  t r a v e l i n g .  

Entanglement of t h e  microphone cord 
w i t h  o t h e r  v e h i c l e  c o n t r o l s ,  causing 
an  unsafe  ope ra t i ng  cond i t i on ,  should 
a l s o  be considered when l o c a t i n g  t h e  
microphone-speaker assembly. The micro- 
phone should a l s o  be mounted i n  an a r e a  
t h a t  w i l l  p r o t e c t  i t  from f a l l i n g  d e b r i s  
and/or  d r ipp ing  water .  

Once a s u i t a b l e  p l ace  f o r  t h e  
microphone-speaker assembly has been de- 
termined,  t h e  t r a n s c e i v e r  l o c a t i o n  can be 
considered.  The f i r s t  r e s t r i c t i o n  on i t s  
l o c a t i o n  i s  t h e  l e n g t h  of t h e  cab l e s  run- 
ning between t h e  d i f f e r e n t  assemblies .  
Temperature-sensi t ive  e l e c t r o n i c  c i r c u i t s  

a r e  l oca t ed  i n s i d e  t he  t r a n s c e i v e r  assem- 
b ly ,  Therefore ,  i t  should be p ro t ec t ed  
from temperature  extremes such a s  those  
procluced by load r e s i s t o r  banks and t h e  
v e h i c l e ' s  d r i v e  motors. 

It i s  important  t h a t  i n s t a l l a t i o n  of 
t h e  t r a n s c e i v e r  does not  reduce t h e  mini- 
mum roof c l ea r ance  of t h e  veh i c l e .  Ap- 
proximately 6 inches  of c lea rance  should 
be l lef t  between t h e  veh i c l e  and t he  sur -  
f a c e s  on which t he  connectors  and/or 
f u s e s  a r e  mounted. I f  p o s s i b l e ,  t h e  con- 
n e c t o r s  should be p ro t ec t ed  from d i r t  and 
moisture .  S u f f i c i e n t  c l ea r ance  should be 
allowed t o  permit removal of a cces s  cov- 
e r s  and open-hinged panels  s o  t h a t  ad- 
jus tments  can be reached and plug-in mod- 
u l e s  can be changed. 

The main cons ide ra t i on  when l o c a t i n g  
t h e  power condi t ion ing  u n i t  is  i t s  hea t  
d i s s i p a t i o n  and i t s  r e l a t i o n s h i p  t o  t h e  
hea t - s ens i t i ve  t r ansce ive r .  The hea t  i s  
d i s s i p a t e d  i n t o  t h e  ambient a i r  and i n t o  



FIGURE 6-5. - T y p i c a l  mine vehicles.  



t h e  s t r u c t u r e  on which i t  is  f a s t e n e d ;  
t h e r e f o r e ,  i t  i s  impor tan t  t o  fo l low t h e  
m a n u f a c t u r e r ' s  mounting i n s t r u c t i o n s  
c a r e f u l l y .  The mounting s u r f a c e  should 
be  a  massive s t r u c t u r a l  p a r t  of t h e  vehi-  
c l e  t h a t  can a b s o r b  t h e  h e a t  t r a n s f e r r e d  
from t h e  u n i t .  

I f  i t  i s  a  h o r i z o n t a l  s u r f a c e ,  a  
minimum of 3 i n c h e s  should be allowed on 
a l l  s i d e s ;  i f  p o s s i b l e ,  no th ing  should be 
mounted above t h e  u n i t .  I f  i t  i s  a  ve r -  
t i c l e  s u r f a c e ,  a  minimum c l e a r a n c e  of 3 
i n c h e s  above and below t h e  u n i t  should  be 
provided f o r  p roper  a i r  c i r c u l a t i o n .  The 
power u n i t  shou ld  never  be mounted below 
t h e  t r a n s c e i v e r ;  i f  p o s s i b l e ,  a  minimum 
s e p a r a t i o n  of 1  f o o t  i n  a l l  o t h e r  d i r e c -  
t i o n s  should be provided.  

A 12-volt  l ead-ac id  automotive- type 
s t o r a g e  b a t t e r y  i s  most o f t e n  used a s  an 
e x t e r n a l  emergency power source  w i t h  ca r -  
r i e r  phones. When l o c a t i n g  t h i s  t y p e  of 
b a t t e r y ,  t h e  prime c o n s i d e r a t i o n s  should 
be  t h e  a c c e s s i b i l i t y  of t h e  f i l l  caps  f o r  
s e r v i c i n g  and p roper  room v e n t i l a t i o n  t o  
h a n d l e  t h e  o u t g a s s i n g  of hydrogen. The 
b a t t e r y  should a l s o  be k e p t  away from ma- 
t e r i a l s  t h a t  a r e  s u s c e p t i b l e  t o  c o r r o s i o n  
by s u l f u r i c  a c i d .  

The i d e a l  t empera tu re  range f o r  t h e  
b a t t e r y  is  60" t o  80" F. Low tempera- 
t u r e s  reduce c a p a c i t y  bu t  prolong b a t t e r y  
l i f e ;  h igh  t empera tu res  g i v e  some addi-  
t i o n a l  c a p a c i t y  bu t  reduce t o t a l  b a t t e r y  
l i f e .  Temperatures above 125" F can ac- 
t u a l l y  damage some of t h e  b a t t e r y  compo- 
n e n t s  and cause  e a r l y  f a i l u r e .  

Most c a r r i e r  phone components a r e  
s u p p l i e d  w i t h  mounting p l a t e s  t h a t  can be 
tack-welded t o  t h e  v e h i c l e .  This  pro- 
v i d e s  a  permanent mounting s u r f a c e  w i t h  
tapped h o l e s  o r  th readed  s t u d s  on to  which 
t h e  subassembl ies  a r e  f a s t e n e d .  This  a r -  
rangement a l s o  p rov ides  an e a s y  means of 
i n t e r c h a n g i n g  subassembl ies  f o r  mainte- 
nance purposes .  

CAUTION 

Remove t h e  subassembly from t h e  
mounting p l a t e  d u r i n g  t h e  welding 
o p e r a t i o n .  Keep a l l  e l e c t r i c a l  ca- 
b l e s  and o t h e r  n o n m e t a l l i c  m a t e r i a l s  
away from t h e  welding a r e a .  This  
will1 p reven t  t h e  c a r r i e r  phone compo- 
n e n t s  from being damaged by t h e  h e a t  
g e n e r a t e d  from t h e  welding o p e r a t i o n .  

Procedures  f o r  making t h e  e l e c t r i c a l  
connec t ions  between c a r r i e r  system compo- 
n e n t s  a r e  s i m i l a r  t o  t h o s e  f o r  t h e  d i s -  
p a t c h e r ' s  i n s t a l l a t i o n  (pa ragraph  6.4.1). 
For t h e  i n s t a l l e r ' s  s a f e t y ,  t h e  t r o l l e y  
shoe should be removed from t h e  t r o l l e y  
l i n e  ., 

Proper  c a b l e  p r o t e c t i o n  w i l l  reduce 
t h e  downtime of t h e  communication system 
and preven t  a c c i d e n t s ,  such a s  l o o s e  ca- 
b l e s  t r i p p i n g  up mine personne l  when en- 
t e r i n g  o r  l e a v i n g  t h e  v e h i c l e .  The in -  
t e r c o n n e c t i n g  c a b l e s  should be l o c a t e d ,  
i f  p o s s i b l e ,  away from a r e a s  occupied by 
mine personne l  o r  s u p p l i e s .  This  w i l l  
p reven t  c u t t i n g  and c rush ing  of t h e  ca- 
b l e s  caused by s h i f t i n g  loads .  

Heavy-duty p l a s t i c  t i e s  o r  c a b l e  
clamps should be used t o  l a s h  t h e  cord t o  
t h e  frame of t h e  v e h i c l e .  I f  p o s s i b l e ,  
t h e  c a b l e  should be run under overhanging 
p a r t s  of t h e  frame t o  p r o t e c t  i t  from 
f a l l i n g  d e b r i s  and/or  d r i p p i n g  water .  
Enough s l a c k  should be l e f t  t o  form a  
d r i p  loop t o  p reven t  condensate  from run- 
n i n g  down t h e  cord and i n t o  t h e  r e a r  of 
t h e  connector .  A l l  h o l e s  i n  t h e  frame 
through which t h e  c a b l e  runs  should be 
gromnneted. The c a b l e  should n o t  be run 
over  s h a r p  edges t h a t  might abrade  i t .  
Excess c a b l e  should be n e a t l y  c o i l e d  and 
secured  w i t h  p l a s t i c  e l e c t r i c a l  t a p e  o r  
c a b l e  t i e s  and then  clamped t o  t h e  frame. 
The c a b l e  shou ld  never be s t r e t c h e d  be- 
tween clamps; t h i s  w i l l  l e a v e  i t  i n  t en-  
s i o n ,  caus ing  an e l o n g a t i o n  of t h e  insu-  
l a t i o n  and t h e  conductor .  I n  a d d i t i o n ,  



t h e  j a c k e t  w i l l  l o s e  a  cons iderab le  p a r t  
of i t s  r e s i s t a n c e  t o  mechanical damage, 
making i t  vulnerab le  t o  c u t t i n g ,  t e a r i n g ,  
and abrasion.  

6.5 C a r r i e r  Current  Hoist  Phone 

C a r r i e r  c u r r e n t  h o i s t  phones u t i l i z e  
e x i s t i n g  phys i ca l  conductors ( t h e  h o i s t  
rope)  f o r  a  t ransmiss ion  medium. Typical  
h o i s t  r a d i o  hardware is shown i n  f i g u r e  
6-6. 

6.5.1 Cage 

The cage equipment c o n s i s t s  of t he  
t r a n s c e i v e r ,  which con ta in s  a  speaker ,  
microphone, and push-to-talk switch,  a  
b a t t e r y ,  gene ra l l y  of t he  lead-acid type,  
a  cage coupler ,  and the  connect ing ca- 
b les .  The t r a n s c e i v e r  is t h e  only u n i t  
t h a t  must be mounted wi th in  t h e  cage, 
where space is usua l ly  a t  a  premium. For 
t h a t  reason,  it should be recessed  i n  t h e  
cage wall .  The b a t t e r y  must be mounted 
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FIGURE 6-6. - Hoist radio hardware. 



in an upright position either inside the 
cage or on top. Mounting the battery on 
the top of the cage provides early access 
for charging or replacement. The cage 
coupler is bolted to the hoist rope above 
the cage with the conical section up to 
act as a rock shield. It is suggested 
that the battery be placed within a pro- 
tective enclosure to prevent a short cir- 
cuit which could be caused by debris. Be 
sure the cable and unit connectors are 
clean before mating them. Conductive 
dust in a connector interface may cause 
the equipment to malfunction. Cables be- 
tween the battery, transceiver, and cou- 
pler should be strategically placed to 
avoid damage. Cable clamps should be 
used to take up slack; a loose cable is a 
hazard to personnel and equipment. It is 
suggested that cables be run through 
heavy-gage conduit. 

to or suspended from the headframe struc- 
ture. The coupler cable from the head- 
frame coupler to the transceiver should 
be run through conduit. 

6.6 Summary 

Tables 6-1 through 6-4 are basic 
checklists for four types of installa- 
tion: Pager phone, carrier phone, hoist 
phone, and cable. It is evident that not 
all criteria are covered in these basic 
checklists. Additional items that are 
peculiar to a specific installation may 
be added. 

There are some procedures associated 
with any installation. They are 

READ INSTRUCTIONS BEFORE STARTING! 

DO IT SAFELY! 
6.5.2 Hoistroom and Headframe 

DO IT CAREFULLY! 
The hoistroom equipment is shown j-n 

the upper part of figure 6-6. The hoist- 
room will contain the power supply, 
transceiver, push-to-talk foot switch, 
and microphone. The power supply and 
transceiver may be wall mounted. It is 
best to leave at least 6 inches between 
the power supply and transceiver, and the 
power supply should not be mounted below 
the transceiver. The microphone should 
be placed so that it can be within 2 
inches of the operator's mouth while the 
operator has both hands on the hoist con- 
rols. The foot switch should be in easy 
reach of the operator's foot while the 
operator is at the controls. 

CHECK IT THOROUGHLY ! 

SEEK HELP IF NECESSARY! 

Short cuts in installation will 
probably lead to equipment malfunction or 
damage. All communications equipment 
should. be tested with transmissions to 
and from another unit after installation. 

A little extra time spent in the in- 
stallation phase of a communication sys- 
tem can mean the difference between a 
reliable, well-managed system and an 
undependable system requiring frequent 
maintenance. 

The headframe coupler is located at 
the top of the shaft. It may be clamped 



TABLE 6-1. - Pager phone i n s t a l l a t i o n  b a s i c  c h e c k l i s t  

TABLE 6-2. - C a r r i e r  phone i n s t a l l a t i o n  b a s i c  c h e c k l i s t  

I tem 
1. Has t h e  exposed a r e a  of t h e  cab l e  been sea l ed  wi th  e l e c t r i c a l  

t a p e  t o  keep ou t  moisture? 
2. Is t h e  d r i p  loop pos i t ioned  properly t o  keep condensate from 

g e t t i n g  i n t o  phone? 
3. Is t h e  t ens ion  i n  t h e  sp r ing  te rmina ls  s u f f i c i e n t  f o r  a  good 

connect ion between the  wi re  and phone? 
4. Is t h e  twist- to- lock connector i n  t h e  locked pos i t i on?  
5. Has t h e  b a t t e r y  been t e s t e d ?  
6. Have spa re  fu se s  been provided? 
7. Has t h e  phone been c a l l e d  from a d i s t a n t  phone and been found 

operab le?  
8. Is t h e  volume s a t i s f a c t o r y  o r  has  t h e  a m p l i f i e r  been ad jus ted  

f o r  proper  loudness? 
9. Is t h e  phone mounted a t  a  proper he igh t  f o r  convenience? 

10. Is an i n s u l a t i n g  m a t  o r  dry planking provided on which t h e  
u s e r  may s t and?  

11. Is a l l  c ab l ing  secured and pro tec ted  from passing machinery? 
12. Are a l l  s p l i c e s  QUALITY s p l i c e s ?  
13. Are t h e  cab l e s  heavy enough? 

Yes 

I tem 
1. Is t h e  microphone-speaker assembly wi th in  easy  reach? 
2. Is t h e  t r a n s c e i v e r  p ro t ec t ed  from temperature extremes (away 

from power condi t ion ing  u n i t ) ?  
3. Is t h e  power condi t ion ing  u n i t  mounted s o  personnel  w i l l  no t  

come i n  con tac t  w i th  i t ?  
4. Is t h e  power condi t ion ing  u n i t  covered by a  p r o t e c t i v e  g r i l l e ?  
5. Has t h e  b a t t e r y  been t e s t e d  under load? 
6. Have mating s u r f a c e s  of connectors  been inspec ted  and 

c leaned?  
7. Have a l l  c ab l e  connectors  been f i rmly  joined t o  t h e  u n i t s ?  
8. Are threaded connectors  t igh tened?  
9. Have a l l  c h a s s i s  and case  grounds been wired t o  e a r t h  ground? 

10. Can t h e  microphone cord become entangled i n  t h e  veh ic l e  
c o n t r o l s ?  

11. Are cab le s  pro tec ted  from abras ion?  
12. Are a l l  components mounted low enough s o  t h a t  minimum roof 

c l ea rance  has  no t  increased?  
13.  Has s u f f i c i e n t  c learance  been given t o  a l low easy removal of 

acces s  covers ,  hinged pane ls ,  e t c .  ? 
14. Are t h e  br idg ing  c a p a c i t o r s  i n  p l ace  on a l l  s e c t i o n a l i z e d  

t r o l l e y  l i n e s ?  

No Comments 

Comments Yes No 



TABLE 6-3. - Hoist  phone i n s t a l l a t i o n  b a s i c  c h e c k l i s t  

TABLE 6-4. - Telephone cab l e  i n s t a l l a t i o n  b a s i c  c h e c k l i s t  

Comments I tem 
1. Is t h e  microphone of t h e  t r a n s c e i v e r  a t  a  proper  he igh t  

(mouth l e v e l )  f o r  average person? 
2. Is t h e  b a t t e r y  a c c e s s i b l e  f o r  charging o r  replacement? 
3. Is t h e  cage couple r  f i rmly  mounted? 
4. Have mating s u r f a c e s  of connectors  been inspec ted  and 

c leaned?  
5. Have cab l e  connectors  been f i rmly  jo ined  t o  t h e  u n i t s ?  
6. Are threaded connectors  t igh tened?  
7. Are cab l e s  p ro t ec t ed  from damage? 
8. Have any s l a c k  cab l e s  been t i e d  down (clamped)? 
9. Is headframe couple r  f i rmly  connected t o  o r  suspended from 

headf rame? 
10. Are microphone and push-to-talk switch near  h o i s t  c o n t r o l s ?  
11. Is t h e  t r a n s c e i v e r  frame f i rmly  a t t a ched  t o  t h e  cage? 
12. Have a l l  completed connect ions  been sprayed wi th  s i l i c o n e  or  

o t h e r  mo i s tu r e - inh ib i t i ng  spray?  

and gage)?  
2. Is t h e  cab l e  supported a t  t h e  proper  i n t e r v a l  (approximately 

10 f e e t  f o r  tw i s t ed  p a i r  o r  f igure-8  cab l e  and 5 f e e t  f o r  
l e aky  f eede r )  ? 

3. Do d r o p l i n e s  have s t r a i n  r e l i e f  on main l i n e  and t a p  l i n e ?  
4. Are s p l i c e s  mechanical ly  sound and p ro t ec t ed  from moisture? 
5. Is s t r a i n  r e l i e f  used a t  s p l i c e s ?  
6. Have l i g h t n i n g  a r r e s t o r s  been used according t o  code? 
7. Has e x t r a  i n s u l l a t i o n  been provided where t h e  cab l e  c ro s se s  

t h e  t r o l l e y  o r  o t h e r  high-voltage l i n e s ?  
8. Is t h e  c a b l e  pos i t i oned  ou t  of t h e  way of machinery and 

secured  i n  p lace?  
9. Are a l l  s p l i c e s  QUALITY s p l i c e s ?  

Item 
1. Has proper  cab l e  been s e l e c t e d  according t o  system plan ( t ype  

Yes No 

Yes No Comments 
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CHAPTER 7.- 

7.1 General 7.2.2 Pager Phones 

Prevent ive  maintenance p r a c t i c e s  
a r e  l i s t e d  i n  t h e  manufacturers '  i n s t r u c -  
t i o n  books. In  gene ra l ,  equipment t h a t  
r e q u i r e s  f r equen t  and ex t ens ive  preven- 
t i v e  maintenance is  gene ra l l y  t h e  most 
c o s t l y .  The manpower spen t  on these  f r e -  
quent  t r i p s  t o  remote a r e a s  is such t h a t  
i t  is  usua l ly  b e t t e r  t o  i n v e s t  i n  a more 
c o s t l y  system which r e q u i r e s  l i t t l e  pre- 
ven t ive  maintenance. The b e s t  p revent ive  
maintenance f o r  t h e  system is  a good 
i n s  t a l l a t i o n .  

7.2 Prevent ive  Maintenance and 
In spec t ions  

With any system, p e r i o d i c  i n spec t ion  
i s  requi red  because of t h e  co r ros ive  a t -  
mosphere and adverse  cond i t i ons  t h a t  ex- 
i s t  i n  underground mines. These inspec- 
t i o n s  can spo t  p o t e n t i a l  t r oub le  i n  t h e  
system. Repair o r  replacement a t  t h a t  
t i m e  a v e r t s  t h e  p o s s i b i l i t y  of l o s i n g  e f -  
f e c t i v e n e s s  of a l l  o r  p a r t  of t h e  system. 

7.2.1 Cables 

Approximately once per  month a l l  ca- 
b l e s  i n  t h e  communications system should 
be  inspec ted  f o r  k ink ing ,  chaf ing ,  crack- 
i n g ,  wear, s t r e t c h i n g ,  o r  o t h e r  s i g n s  
of phys i ca l  abuse. P a r t i c u l a r  a t t e n t i o n  
should be paid t o  cab l e  glands a t  t h e  en- 
t r y  o r  e x i t  p o i n t s  t o  t h e  var ious  u n i t s  
i n  t h e  system, where t h e  cab l e  goes 
around sha rp  co rne r s ,  i n  t h e  v i c i n i t y  of 
ho ld ing  c l e a t s  which may be clamping t h e  
c a b l e  t oo  t i g h t l y  causing p o t e n t i a l  dam- 
age ,  and ac ros s  t h e  areas where t h e  cab l e  
i s  exposed t o  phys i ca l  damage from out- 
s i d e  sources ,  such as equipment o r  f a l l -  
i n g  ob j ec t s .  I f  a cab l e  is damaged, it 
should be rep laced  as soon a s  poss ib le .  

It is  mandatory t h a t  t h e  ground 
l e a d s  and connect ions t o  c a r r i e r  c u r r e n t  
phones be thoroughly inspec ted  and main- 
t a i n e d  i n  good cond i t i on ,  s i n c e  consider-  
a b l e  hazard may e x i s t  t o  t h e  ope ra to r  
o r  equipment i f  a ground connect ion is 
broken. 

The most r e a d i l y  a v a i l a b l e  t e s t  s e t  
t o  determine i f  a pager te lephone is  
ope ra t i ng  c o r r e c t l y  is t h e  pager phone 
i tse1.f .  The fol lowing phys i ca l  check of 
t h e  slystem can be performed a t  any phone 
s ta t i -on .  

7.2.2!a L i s t en  C i r c u i t  

Remove t h e  handset from i t s  c r a d l e  
and l i s t e n  t o  determine i f  t h e  c i r c u i t  is 
f unctlional , a s  i nd i ca t ed  by t h e  presence 
of no i se  o r  conversa t ion  on t h e  l i n e .  I f  
no no i se  o r  vo ice  s i g n a l s  a r e  p re sen t  a t  
t h e  handset  r e c e i v e r ,  t ake  t h e  fol lowing 
c o r r e c t i v e  ac t i on :  

1. Operate t h e  handset  press-to- 
t a l k  swi tch  s e v e r a l  t i m e s .  Any co r ros ion  
on t h e  con tac t s  of t h i s  swi tch  may cause 
a r e c e i v e r  t o  be temporar i ly  inopera- 
t i v e .  Repeated ope ra t i on  may c l e a r  t h e  
condi t ion.  

2. ' Open t h e  cab ine t  and s e e  i f  t h e  
b a t t e r y  cab l e s  a r e  properly connected and 
a r e  making f i r m  contac t .  Check t h e  hand- 
set cab l e  and i t s  connect ions i n  t h e  cab- 
i n e t  of t h e  pager phone, and s e e  i f  t h e r e  
i s  any evidence of a break i n  t h e  cab l e ,  
corroded c o n t a c t s ,  o r  poor connections.  

3. Remove t h e  handset r e c e i v e r  ear-  
p i ece  by unscrewing it counterclockwise 
( t o  t h e  l e f t )  , and remove t h e  r e c e i v e r  
from t h e  socket .  Examine t h e  handset 
c a v i t y ;  i n  some u n i t s ,  a pa tch  of co t ton  
b a t t i n g  o r  f l o s s  is used a s  a b a r r i e r  t o  
reduce a c o u s t i c  feedback i n  t h e  handset.  
I f  t h e  co t ton  pa tch  has  absorbed mois- 
t u r e , ,  remove it and r ep l ace  wi th  a 
crumpled b a l l  of s o f t  rubber ,  s t u f f e d  
j u s t  f a r  enough i n t o  t h e  handset  s o  it 
w i l l  no t  touch t h e  r e c e i v e r  o r  switch 
t e d - n a l s .  

7.2.2b Page C i r c u i t  and Talk C i r c u i t  

Push t h e  page swi tch ,  squeeze t he  
handset  press- to- ta lk  swi tch ,  and c a l l  
any o t h e r  phone. Release t h e  page swi tch  



and l i s t e n  f o r  a  rep ly .  I f  t he  back- 
ground n o i s e  is  too  h igh ,  o r  i f  t h e  re- 
ce ived  s i g n a l  i s  e i t h e r  too  weak o r  t oo  
ga rb l ed  t o  be unders tood,  then r e p a i r s  
should be i n i t i a t e d  t o  improve t h a t  par- 
t i c u l a r  te lephone.  The phone should be 
r ep l aced  by an operab le  u n i t  and r epa i r ed  
by q u a l i f i e d  personnel ,  Ask t h e  answer- 
i n g  p a r t y  i f  t h e  paging s i g n a l  could be 
unders tood,  and a l s o  check t he  q u a l i t y  of 
your rece ived  s i g n a l ,  Have t h e  o t h e r  
p a r t y  page you t o  v e r i f y  t h a t  your speak- 
e r  works. Some of t h e  most common prob- 
lems w i t h  t h e  pager phone system t h a t  can 
be  remedied by good i n s t a l l a t i o n  and 
maintenance p r a c t i c s  a r e :  very low voice  
l e v e l s  and very high no i se  l e v e l s .  

Of ten ,  t h e  sources  of t h e s e  problems 
are-- 

1. Poor placement of t h e  phone l i n e  
( n e a r  r e c t i f i e r s ,  motors,  e t c . ) .  

2. Using t oo  l i g h t  a  gage phone 
1 i n e  . 

3. Using t h e  wrong kind of wi re  f o r  
t h e  phone l i n e ,  The l i n e  should be of 
t h e  tw i s t ed  two-wire type. Nontwisted 
l i n e  of any gage is  no t  acceptable .  It 
i s  t h e  t w i s t  t h a t  provides  a  g r e a t  d e a l  
of  n o i s e  immunity. 

4, Poorly made s p l i c e s .  These 
cause  h igh  r e s i s t a n c e  and leaky j o i n t s  i n  
t h e  l i n e  t h a t  lower t h e  s i g n a l  and in-  
c r e a s e  t h e  no ise .  (Note t h a t  t h e  phone 
systems always a r e  worst  i n  t h e  summer 
months. This  is  because t h e  h igh  humid- 
i t y  is  a f f e c t i n g  t h e  s p l i c e s . )  

7.2,Zc General Comments 

I f  any of t h e  s i g n a l s  is  e r r a t i c ,  
low i n  s i g n a l  l e v e l ,  has excep t iona l l y  
h igh  n o i s e  l e v e l s ,  o r  i s  u n i n t e l l i g i b l e ,  
check whether o t h e r  phones i n  t h e  system 
a r e  having s i m i l a r  problems. I f  n o t ,  re-  
p l a c e  t h e  d e f e c t i v e  phone w i th  a  good 
one. I f  t h e  o t h e r  phones a r e  no t  opera t -  
i n g  p rope r ly ,  i t  i s  pos s ib l e  t h a t  t h e  
problem is  i n  t h e  l i n e .  A cab l e  may be 
s h o r t - c i r c u i t e d ,  improperly s p l i c e d ,  o r  
running too  c l o s e  t o  noise-producing 
power o r  t r o l l e y  l i n e s .  Such cond i t i ons  
should be co r r ec t ed .  

I n  t h e  environment of underground 
mines,  swi tch  con t ac t s  a r e  p a r t i c u l a r l y  
s u s c e p t i b l e  t o  e r r a t i c  ope ra t i on  because 
of co r ro s ion  o r  ox ida t i on  of t h e  switch- 
i n g  con t ac t s .  This is  p a r t i c u l a r l y  t r u e  
of c o n t a c t s  t h a t  a r e  used i n f r equen t ly .  
Repeated ope ra t i on  of each of t he  
swi tches  i n  t h e  te lephone may a i d  i n  
c l e a r i n g  some of t he  co r ro s ion  and ' 

r e s t o r i n g  t h e  phone t o  more r e l i a b l e  
ope ra t i ng  condi t ion.  Cleaning i n d i v i d u a l  
c o n t a c t s  should not  be a t tempted w i th  a  
phone i n  s e r v i c e ;  i t  should only be done 
by t r a i n e d  o r  exper ienced r e p a i r  person- 
n e l ,  who have approved burn ish ing  t o o l s  
s p e c i f i c a l l y  designed f o r  use  on swi tch  
con t ac t s .  

7,2.2d Bat te ry  Condition 

The b a t t e r y  cond i t i on  of a  pager 
phone can be approximately checked by 
pushing t h e  page bu t ton  and c a l l i n g  some 
o t h e r  phone t o  determine whether o r  not  
t h e  paging s i g n a l  is  s u f f i c i e n t l y  s t rong  
t o  ene rg i ze  a l l  r e l a y s  w i th in  t h e  system, 
Of p a r t i c u l a r  importance is  whether o r  
no t  t h e  b a t t e r y  has s u f f i c i e n t  vo l t age  t o  
ene rg i ze  t h e  paging r e l a y  of t h e  t e l e -  
phone f a r t h e s t  from t h e  phone being 
t e s t e d .  Therefore ,  one of t h e  most d i s -  
t a n t  phones should be ca l l ed .  B a t t e r i e s  
can a l s o  be checked wi th  a  vo l tmete r  t o  
judge i f  they a r e  near  t h e  end of t h e i r  
l i f e  o r  i n  a  marginal s t a t e .  There a r e  
s e v e r a l  methods of measuring t h e  ava i l -  
a b l e  b a t t e r y  vo l t age  a s  noted i n  t h e  fo l -  
lowing s ec t i on .  

7.2.2e Bat te ry  Tes t ing  

Most pager phones a r e  powered by one 
o r  two 12-volt b a t t e r i e s  of t h e  NEDA 923 
o r  926 d r y c e l l  type. These a r e  12-vol t ,  
metal-cased b a t t e r i e s  t h a t  measure 2-314 
inches  wide, 5-114 inches  long ,  and 4-318 
inches  high. The d i f f e r e n c e  between t h e  
two types  is  t h a t  t h e  926 has two screw 
t e rmina l s  f o r  l ead  attachment and t h e  923 
has  a  two-prong connector system f o r  l e ad  
attachment.  For those phones us ing  a  
24-volt system, two b a t t e r i e s  a r e  
connected i n  a  s e r i e s .  I n  cons ide ra t i on  
of i n t r i n s i c  s a f e t y ,  i t  is  common t o  f i n d  
some means of cu r r en t  l i m i t i n g ,  such a s  a  
50- t o  100-ohm r e s i s t o r  and a  f u s e  i n  se- 
r i e s  wi th  t h e  b a t t e r y  system, t o  l i m i t  



t h e  maximum c u r r e n t  flow. B a t t e r i e s  a r e  
approaching t h e  end of t h e i r  u se fu l  l i f e  
i n  a  system when t h e  a v a i l a b l e  vo l tage  a t  
t h e  te rmina ls  has  dropped 25% from t h e  
r a t e d  va lue  measured under load condi- 
t i o n s .  I n  a  12-volt system, t h i s  is ap- 
proximately 8 t o  9 v o l t s ;  i n  a  24-volt 
system, i t  is 16 t o  18 v o l t s .  

Measurement of t h e  b a t t e r y  vo l tage  
can be made by connect ing a  dc vo l tmeter  
ac ros s  t h e  b a t t e r y  t e rmina l s ,  p r e s s ing  
t h e  page swi tch ,  and read ing  t h e  b a t t e r y  
vo l tage .  Measurement of b a t t e r y  vo l tage  
on t h e  l i n e  w i l l  no t  g ive  a  t r u e  measure 
of  t he  b a t t e r y  condi t ion ,  because of 
t h e  added vol tage  drop i n  t h e  cur ren t -  
l i m i t i n g  r e s i s t o r .  

Remember t h a t  i t  is  u s e l e s s  t o  mea- 
s u r e  t h e  ou tput  of a  b a t t e r y  no t  under 
load.  Under t h e s e  cond i t i ons ,  even t h e  
poo re s t  b a t t e r y  w i l l  s t i l l  maintain i t s  
r a t e d  te rmina l  vol tage.  

It is not  always p r a c t i c a l  t o  c a r r y  
a  vo l tmeter  i n t o  a l l  s e c t i o n s  of a  mine, 
and checking a  b a t t e r y  r e q u i r e s  t h a t  t h e  
phone enc losure  be opened. The fol lowing 
scheme can minimize such d i f f i c u l t i e s .  

A vo l tmeter  can be permanently in- 
s t a l l e d  a t  some convenient l o c a t i o n  
aboveground, such a s  i n  a  r e p a i r  o r  main- 
tenance shop. l The meter is connected 
a c r o s s  t h e  l i n e  s o  t h a t  i t  cont inuously 
i n d i c a t e s  any dc vo l t age  on t h e  l i n e .  A 
l i s t i n g  of vo l t age  readings is made from 
each  remote phone a t  t h i s  r e f e r ence  sta- 
t i o n ,  when t h e  i n d i v i d u a l  phones a r e  pag- 
i n g  wi th  new b a t t e r i e s  i n s t a l l e d .  A 
c h a r t  is then  made of t h e  al lowable re- 
duc t ion  i n  vo l t age  f o r  each phone by es- 
t ima t ing  a  20% t o  25% reduc t ion  from t h e  
new b a t t e r y  condi t ion.  Reference t o  t h i s  
c h a r t  can g ive  advance warning of t h e  
approximate cond i t i on  of each b a t t e r y  
and w i l l  provide guidance f o r  planned 
prelacement.  A p e r i o d i c  check can be 
made of each phone by r eques t i ng  a  page 
from each of t h e  phones and maintaining a  

  his could v i o l a t e  MSHA i n t r i n s i c  
s a f e t y  s tandards;  check with MSHA f o r  ap- 
p l i c a t i o n  d e t a i l s .  

l o g  of t h e  vo l tage  readings.  This w i l l  
a s s i s t  i n  maintaining an up-to-date s t a -  
t u s  of t h e  b a t t e r y  condi t ion  a t  ind iv id-  
u a l  phones. This procedure w i l l  remain 
v a l i d  a s  long a s  t h e  phone system is 
configured a s  i t  was when t h e  o r i g i n a l  
l i s t i n g  was made. S u b s t a n t i a l  change i n  
t h e  phone system could r e q u i r e  making a  
new c h a r t  . 
7.2.3 C a r r i e r  Phones 

CAUTION 

Some of t h e  procedures d i scussed  
i n  t h i s  manual a r e  undertaken wi th  
t h e  in-mine t r o l l e y  wire  energized 
and a r e  t h e r e f o r e  very hazardous. 
Extreme cau t ion  must be exe rc i s ed  
t o  avoid a c c i d e n t a l  e l ec t rocu t ion .  
Fuses used i n  test l eads  p r o t e c t  only 
t h e  equipment and do not  provide any 
p r o t e c t i o n  from shock hazard f o r  t h e  
opera tor .  Do no t  a t tempt  any of t h e  
e l e c t r i c a l  tests o r  i n s t a l l a t i o n s  de- 
s c r i b e d  i n  t h i s  manual un l e s s  you a r e  
q u a l i f i e d  f o r  such work and a r e  thor-  
oughly f a m i l i a r  with e l e c t r i c a l  work I on t r o l l e y  wires .  I 

Each of t he  c a r r i e r  phone u n i t s  
should be examined f o r  any e x t e r n a l  phys- 
i c a l  damage. A l l  f i x i n g  screws must be 
t i g h t .  A l l  connectors  and e x t e r n a l l y  ac- 
c e s s i b l e  fu se s  should be checked f o r  
proper  s ea t i ng .  

7.2.3a Microphone 

The c a r r i e r  phone microphone is a  
d e l i c a t e  p iece  of equipment and is most 
prone t o  abuse by handl ing o r  dropping. 
The microphone should be examined f o r  
evidence of phys ica l  abuse. The a c t i o n  
of t h e  t r ansmi t  r e l a y  can be observed by 
p re s s ing  t h e  t ransmi t  bu t ton  and l i s t e n -  
i n g  f o r  t h e  t ransmi t  r e l a y  i n s i d e  t h e  
t r a n s m i t t e r  ( i n  u n i t s  where such a  r e l a y  
i s  used) t o  produce a sharp  c l i c k .  The 
micicophone q u a l i t y  can then be assessed  
by t r a n s m i t t i n g  a test count t o  a  remote 
u n i t ;  t h e  ope ra to r  of t h e  remote u n i t  
w i l l  judge t h e  q u a l i t y  of t h e  voice he 
r ece ives  and r e p o r t  back t o  t h e  u n i t  
being t e s t e d  s o  t h a t  t h e  r ece iv ing  



q u a l i t y  of t h e  u n i t  being t e s t e d  may a l s o  
be  assessed.  

7.2.3b B a t t e r i e s  

Two d i f f e r e n t  types  of b a t t e r y  sys- 
tems a r e  used i n  c a r r i e r  phones. One is 
a  convent ional  c a r  b a t t e r y  type o r  wet 
lead-acid c e l l ,  and t h e  o t h e r  is a  g e l l e d  
e l e c t r o l y t e  ba t t e ry .  Both types should 
be  t e s t e d  once a  month t o  i n s u r e  a  proper 
s t a t e  of charge,  and t h e  e l e c t r o l y t e  
should be checked i n  wet lead-acid bat-  
t e r i e s ,  i f  poss ib le .  The g e l l e d  e l e c t r o -  
l y t e  b a t t e r y  is a l s o  of a  lead-acid con- 
s t r u c t i o n ;  however, i t s  so-cal led dry 
e l e c t r o l y t e  system cannot be changed 
s i n c e  t h e  c e l l  is  s e a l e d  t o  prevent  any 
e l e c t r o l y t e  l o s s .  Overcharging of e i t h e r  
of t h e  b a t t e r y  types  causes  cons iderab le  
e l e c t r o l y t e  l o s s ,  and both types of bat-  
t e r y  can be ru ined  i f  overcharged f o r  a  
long  per iod  of t i m e .  

CAUTION 

E l e c t r o l y t e  l o s s  a l s o  happens t o  
a  l e s s e r  e x t e n t  dur ing  a  normal 
charge cyc l e  and r e s u l t s  i n  t h e  emis- 
s i o n  of hydrogen and oxygen from t h e  
c e l l s  i n  a  r a t i o  which is explosive.  
Slow emission of t h i s  hydrogen and 
oxygen gas  mixture  i n  t h e  enc losures  
u s ing  a  g e l l e d  e l e c t r o l y t i c  b a t t e r y  
can  c r e a t e  a  hazardous mixture of 
ga se s  i n s i d e  t h e  u n i t s .  Some u n i t s  
a r e  vented t o  prevent  a  p ressure  
bu i ldup  i n s i d e  t h e  enc losure ,  but 
t h i s  is i n s u f f i c i e n t  v e n t i l a t i o n  t o  
prevent  t h e  pos s ib l e  bui ldup of a  
hazardous atmosphere i n s i d e  t h e  box. 
Thus, t r a n s c e i v e r s  us ing  a  g e l l e d  
e l e c t r o l y t e  b a t t e r y  should only be 
opened i n  a  we l l -ven t i l a t ed  a r e a  
where t h e r e  a r e  no p o s s i b l e  sources  
of  i g n i t i o n  of t h e  hydrogen and oxy- 
gen mixture  before  i t  is  s u f f i c i e n t l y  
d i l u t e d  by t h e  surrounding a i r  t o  be- 
come harmless. Wet lead-acid b a t t e r -  
i e s  should be placed i n  a  well-  
v e n t i l a t e d  a r e a  i n  t h e  veh ic l e  t o  
prevent  bui ldup of pockets  of danger- 
ous  hydrogen-oxygen mixture.  

7 . 2 . 3 ~  Wet Ce l l  Maintenance 

I f  a  car-type w e t  c e l l  lead-acid 
b a t t e r y  is  used, i t  should be i n s t a l l e d  
i n  a  we l l  v e n t i l a t e d  a r ea  e a s i l y  access i -  
b l e  f o r  rou t ine  maintenance. Each week 
t h e  l e v e l  of t h e  e l e c t r o l y t e  i n  each c e l l  
should be checked and r e s t o r e d  t o  i t s  
proper  l e v e l  by t h e  a d d i t i o n  of d i s t i l l e d  
water.  The e l e c t r o l y t e  should read a  
s p e c i f i c  g r a v i t y  of approximately 1.275 
on a  b a t t e r y - t e s t i n g  hydrometer when t h e  
b a t t e r y  is  f u l l y  charged. The vo l t age  
f o r  each c e l l  should be between 2.2 and 
2.4 v o l t s .  Since i n  normal ope ra t i on  t h e  
b a t t e r y  is  under continuous charge,  t he  
s p e c i f i c  g r a v i t y  and vol tage  of a  b a t t e r y  
i n  good condi t ion  should be around t h e  
s t a t e d  values .  Values s i g n i f i c a n t l y  l e s s  
a r e  symptoms of problems wi th  e i t h e r  t he  
b a t t e r y  o r  t h e  b a t t e r y  charger  and should 
be i nves t i ga t ed .  I f  e l e c t r o l y t e  is l o s t  
from t h e  b a t t e r y  due t o  s p i l l a g e ,  then 
e l e c t r o l y t e  premixed t o  t h e  same s p e c i f i c  
g r a v i t y  should be used t o  r e f i l l  t h e  bat- 
t e r y  t o  i t s  normal l e v e l .  

Terminal pos t s  on lead-acid b a t t e r -  
ies should be examined and cleaned each 
month. Petroleum j e l l y  may be used t o  
coa t  t he se  pos t s  t o  prevent  corrosion.  
Also, any cor ros ion  of t h e  b a t t e r y  box 
should be scraped c l ean ,  and petroleum 
j e l l y  should be appl ied  t o  prevent  any 
f u r t h e r  corrosion.  

I f  a  veh i c l e  equipped with a  c a r r i e r  
phone is  t o  be taken out  of s e r v i c e  
f o r  some time, then both b a t t e r y  l eads  
should be disconnected t o  prevent  d i s -  
charge of t h e  b a t t e r y  while  t h e  u n i t  re- 
mains i n  standby mode. Again, petroleum 
j e l l y  should be appl ied  t o  t h e  b a t t e r y  
p o s t s  and t h e  te rmina ls  t o  prevent  any 
cor ros ion ,  

Any b a t t e r y  found t o  be i n  a  weak 
cond i t i on  should be removed f o r  recharg- 
i n g  and replaced by a  f u l l y  charged bat-  
t e r y ,  I f  a  p a r t i c u l a r  v e h i c l e  has  re- 
peated b a t t e r y  problems, t h e  bat te ' ry  
charger  i n  t h a t  veh i c l e  should be removed 
f o r  checkout. 



7.2.3d Gel led E l e c t r o l y t e  B a t t e r y  

It is  n o t  p o s s i b l e  t o  s e r v i c e  t h e  
e l e c t r o l y t e  i n  a  g e l l e d  e l e c t r o l y t e  ba t -  
t e r y  s i n c e  i t  i s  s e a l e d  a t  t h e  f a c t o r y .  
However, t h e s e  b a t t e r i e s  do v e n t  s m a l l  
amounts of hydrogen and oxygen d u r i n g  t h e  
charg ing  p r o c e s s ,  which w i l l  i n c r e a s e  t o  
l a r g e r  amounts i f  t h e  b a t t e r y  i s  over- 
charged.  Normally, t h e  b a t t e r y  should be 
charged by a taper-charge p rocess .  This  
means t h a t  when t h e  b a t t e r y '  i s  i n  a d i s -  

. charged c o n d i t i o n ,  t h e  b a t t e r y  charger  
can  apply  a comparat ively  l a r g e  amount of 
c u r r e n t  t o  b u i l d  t h e  charge  up i n  t h e  
b a t t e r y  q u i c k l y .  However, as t h e  b a t t e r y  
charge  i n c r e a s e s ,  t h e  charg ing  r a t e  
shou ld  d e c r e a s e .  When t h e  b a t t e r y  i s  a l -  
most f u l l y  charged,  t h e  charg ing  c u r r e n t  
shou ld  f a l l  t o  z e r o  o r  m a i n t a i n  a very 
s m a l l  charge.  Each of t h e  two types  of 
c a r r i e r  phones u s i n g  b a t t e r i e s  of t h i s  
t y p e  have a  taper-charge- type b a t t e r y  
c h a r g e r  b u i l t  i n  t o  m a i n t a i n  t h e  c e l l s  a t  
a  f u l l y  charged s t a t e ,  wi thou t  t h e  hazard  
o f  overcharg ing .  

The impor tan t  parameter  t o  measure 
f o r  p roper  g e l l e d  e l e c t r o l y t e  b a t t e r y  
m a i n t e n a x e  i s  t h e  b a t t e r y  v o l t a g e .  A 
nominal 12-volt  g e l l e d  e l e c t r o l y t e  ba t -  
t e r y  is  f u l l y  charged when i t  reads  13.8 
v o l t s  a c r o s s  t h e  t e r m i n a l s .  This  should  
b e  t h e  v o l t a g e  r e a d i n g  when t h e  b a t t e r y  
h a s  been f u l l y  charged by t h e  o p e r a t i o n  
o f  i t s  b a t t e r y  charger .  Any v o l t a g e  
h i g h e r  t h a n  13.8 i s  an i n d i c a t i o n  t h a t  
t h e  b a t t e r y  is  being overcharged,  the reby  
s u f f e r i n g  a  c o n s i d e r a b l e  l o s s  of l i f e  due 
t o  t h e  d r y i n g  o u t  of t h e  e l e c t r o l y t e .  
T h i s  a l s o  causes  g e n e r a t i o n  of dangerous 
q u a n t i t i e s  of hydrogen and oxygen gas  
m i x t u r e s  as t h e  c e l l  v e n t s .  I f  t h i s  is  
t h e  c a s e ,  t h e  b a t t e r y  charger  should  be 
examined f o r  mal func t ion .  

A l t e r n a t i v e l y ,  i f  t h e  c a r r i e r  phone 
h a s  been l e f t  on f o r  an  extended t ime 
wi thou t  any b a t t e r y  charg ing  from t h e  
t r o l l e y  w i r e ,  i t  i s  p o s s i b l e  f o r  t h e  ba t -  
t e r y  t o  become moderate ly  o r  deeply  d i s -  
charged.  A moderate ly  d i scharged  b a t t e r y  
c a n  be removed f o r  r e c h a r g i n g  and gener- 
a l l y  w i l l  n o t  s u f f e r  any s i g n i f i c a n t  
harm. However, i f  t h e  b a t t e r y  is  deeply  

d i s c h a r g e d  and s t o r e d  i n  t h i s  c o n d i t i o n  
wi thou t  be ing  recharged ,  t h e  b a t t e r y  may 
develop a  c o n d i t i o n  where i t  cannot be 
recharged  and should be r e p l a c e d .  

7.2.3e Troubleshoot ing on t h e  Vehicle  

When an o p e r a t o r  r e p o r t s  a  malfunc- 
t i o n  c a r r i e r  phone, i n i t i a l  d i a g n o s i s  of 
a  problem can be c a r r i e d  o u t  u s i n g  only  
t h e  equipment sugges ted  i n  t a b l e  7-1. 
The repairman may e i t h e r  t a k e  h i s  equip- 
ment t o  t h e  f a u l t y  v e h i c l e ,  o r  t h e  f a u l t y  
v e h i c l e  may be r e t u r n e d  t o  t h e  t e s t  and 
maintenance a r e a .  

F i r s t ,  t h e  b a t t e r y  v o l t a g e  should be 
check.ed t o  make s u r e  i t  has  n o t  become 
disc t larged.  I f  i t  i s  found t o  be good, 
a l l  e x t e r n a l  f u s e s  i n  t h e  u n i t  should  be 
check.ed. I f  a  f a u l t y  f u s e  i s  found,  i t  
shou1.d only  be rep laced  w i t h  a f u s e  of 
t h e  proper  r a t i n g .  I f  t h e  f u s e  blows 
a g a i n ,  t h e n  t h e  u n i t  i s  probably f a u l t y .  
It i s  p o s s i b l e  t h a t  r e p l a c i n g  t h e  blown 
f u s e  w i t h  a new one w i l l  cause  t h e  u n i t  
t o  o p e r a t e  p r o p e r l y  s i n c e  a  momentary 
over load  could  have caused t h e  o r i g i n a l  
f u s e  t o  blow. 

Sometimes t h e  phone i t s e l f  can pro- 
v i d e  v a l u a b l e  in format ion  on t h e  n a t u r e  
of a  problem. Use of t h e  c a r r i e r  phone 
w i l l  g e n e r a l l y  i s o l a t e  t h e  problem i n t o  
one of t h e  fo l lowing  t h r e e  c a t e g o r i e s .  

1. Cannot t r a n s m i t  t o  o t h e r s  o r  re-  
c e i v e  from o t h e r s :  

a .  Check t h e  main f u s e .  

b e  Check t h e  ground connect ion.  

c .  Check a l l  connec tors  f o r  
corroded c o n t a c t s .  

d. Check a l l  c a b l e s  f o r  breaks .  

e .  Check t h e  b a t t e r y  c o n d i t i o n .  

f .  I f  cause  cannot be r e a d i l y  
l o c a t e d ,  r e p l a c e  w i t h  s p a r e  u n i t  and 
t a k e  t h e  mal func t ion ing  u n i t  i n  f o r  
bench maintenance.  



TABLE 7-1. - Suggested t e s t  equipment 

I tem 
Multimeter. . . . . . .  

Fuses............ 

S u b s t i t u t e  u n i t s .  

Hydrometer....... 

D i s t i l l e d  water . .  

Pet roleum j e l l y . .  

B a t t e r y  charger . .  

Type 
Various............ 

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

Same a s  used i n  t h e  
mine. 

B a t t e r y  type... . . . .  

Any................ 

Any a p p l i c a b l e  ( f o r  
wet b a t t e r y )  o r  
s p e c i a l  b a t t e r y  
c h a r g e r  f o r  g e l l e d  
e l e c t r o l y t e  
b a t t e r y .  

Use 
Meter can be used f o r  measuring v o l t a g e s  i n  

and around t h e  u n i t ,  power consumption,  
power o u t p u t ,  and f u s e  checking.  I n  o r d e r  
t o  g i v e  u s e f u l  r e s u l t s  f o r  t r a n s m i t t e r  power 
o u t p u t  measurements, t h e  meter should  be 
c a p a b l e  of o p e r a t i n g  w i t h  f r e q u e n c i e s  of a t  
l e a s t  100 kHz. 

Fuses p rov ide  an i n t e n t i o n a l l y  weakened p a r t  
of  an  e l e c t r i c  c i r c u i t ,  and the reby  a c t  a s  a  
s a f e t y  v a l v e  i n  t h e  event  of dangerous over- 
l o a d s .  This  p r o t e c t s  both  pe rsonne l  and 
equipment from p o t e n t i a l  f i r e  hazards  due t o  
o v e r h e a t i n g  of t h e  c a r r i e r  phone. 

A blown f u s e  g e n e r a l l y  i n d i c a t e s  t h a t  some 
p a r t  of t h e  c i r c u i t  of t h e  c a r r i e r  phone has  
become d e f e c t i v e .  Occas iona l ly  a  temporary 
e x t e r n a l  over load  c o n d i t i o n  can cause  a  f u s e  
t o  blow; hence i t  i s  a  u s e f u l  p r a c t i c e  t o  
change a  blown f u s e  one t ime t o  s e e  i f  t h e  
u n i t  can be brought back i n t o  s e r v i c e .  
Should t h e  f u s e  blow a g a i n ,  then  a  more 
d e t a i l e d  t roub le - shoo t ing  p rocess  should be 
a t t empted .  

Each c a r r i e r  phone c o n s i s t s  of a  number of 
d i f f e r e n t  u n i t s  i n t e r c o n n e c t e d  by c a b l e s .  
To f a c i l i t a t e  t r o u b l e s h o o t i n g  on t h e  vehi-  
c l e ,  a  f u l l y  o p e r a t i o n a l  s p a r e  s e t  of t h e  
t y p e  used i n  t h e  mine should be mainta ined 
s o  t h a t  i n i t i a l  t roub le - shoo t ing  can be per-  
formed by s u b s t i t u t i o n  of t h e  i n d i v i d u a l  
u n i t s .  

The hydrometer measures t h e  charge-discharge 
c o n d i t i o n  of t h e  b a t t e r y  e l e c t r o l y t e .  

A b a t t e r y  w i t h  a  low l e v e l  of e l e c t r o l y t e  
w i l l  r e q u i r e  an a d d i t i o n  of d i s t i l l e d  water .  

Coat ing t h e  b a t t e r y  t e r m i n a l s  w i t h  pet roleum 
j e l l y  a i d s  i n  p r e v e n t i n g  c o r r o s i o n .  

The b a t t e r y  charger  is  used t o  r e c h a r g e  ba t -  
t e r i e s  t h a t  have become d i scharged .  

NOTE.--Insure equipment is  s u i t a b l e  f o r  
d e s i r e d  a p p l i c a t i o n .  



2. Can hea r  o t h e r s  but  cannot ap- 
p a r e n t l y  t r an smi t :  

a .  Check c a b l e s  and connec tors  
( e s p e c i a l l y  t h e  microphone f o r  cor-  
roded c o n t a c t s  o r  b r eaks ) .  

b. Replace t h e  microphone. 

c .  I f  n e i t h e r  t h e  above is  a t  
f a u l t ,  t h e  problem i s  probably i n  
t h e  t r a n s m i t t e r ;  t ake  t h e  malfunc- 
t i o n i n g  u n i t  i n  f o r  bench 
maintenance.  

3. Cannot hea r  o t h e r s  but  they can 
h e a r  your t ransmiss ion :  

a .  Check t h e  volume c o n t r o l  
s e t t i n g .  

b. Check t h e  c a b l e s  and connec- 
t o r s  f o r  breaks  and cor ros ion .  

c .  Replace t h e  speaker  assembly 
by s u b s t i t u t i o n .  

d.  Check t h e  sque l ch  s e t t i n g .  

e .  I f  none of t h e s e  measures 
s o l v e  t h e  problem, i t  i s  probably 
i n  t h e  r e c e i v e r ;  r e p l a c e  t h e  t r a n s -  
c e i v e r  w i th  a  s p a r e  u n i t  and t a k e  
t h e  mal func t ion ing  u n i t  i n  f o r  bench 
maintenance.  

I f  a l l  t h e s e  s t e p s  f a i l  t o  make t h e  
u n i t  o p e r a t i o n a l ,  t h en  r e p a i r  by s u b s t i -  
t u t i o n  is  u s u a l l y  t h e  qu i ckes t  way of 
g e t t i n g  t h e  u n i t  i n t o  ope ra t i on  again .  
S u b s t i t u t i o n  should be i n  t h e  o rde r  of 
i tems cons idered  t o  be more o r  l e s s  vul-  
ne rab le .  Unless i t  is  obvious which u n i t  
i s  f a u l t y ,  t h e  p rocess  should be c a r r i e d  
o u t  i n  t h e  fo l lowing  o rde r :  

1. Change t h e  microphone assembly 
and t e s t  f o r  normal ope ra t i on .  

2. Change t h e  t r a n s c e i v e r  assembly 
and check f o r  normal ope ra t i on .  

4. Where r e l e v a n t ,  change t h e  bat-  
t e r y  charger  box and check f o r  normal 
ope ra t i on .  

When t h e  f a u l t y  u n i t  has  been i so -  
l a t e d  and r ep l aced ,  i t  should be r e tu rned  
t o  t h e  r e p a i r  a r e a  f o r  a  more d e t a i l e d  
examinat ion,  i nc lud ing  an o v e r a l l  per-  
formance checkout a f t e r  t h e  f a u l t  has  
been i s o l a t e d  and r epa i r ed .  

CAUTION 

The fo l lowing  procedure  is  un- 
de r t aken  w i th  t h e  t r o l l e y  wi re  ener-  
g i z e d ;  t h e r e f o r e ,  i t  is  extremely 
hazardous.  Extreme cau t i on  must be 
e x e r c i s e d  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. Only personne l  thoroughly 
f a m i l i a r  w i th  e l e c t r i c a l  work on 
t r o l l e y  w i r e s  should conduct t h e  t e s t  
procedures .  Equipment used must be 
a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n .  

- -  - 

On 300-volt systems,  a  t e s t  can be 
made of t h e  t r a n s m i t t e r  power ou tpu t  on to  
t h e  t r o l l e y  l i n e .  A s imple  method of 
measurement i n  t h e  f i e l d  makes u se  of t h e  
multi.meter w i th  t h e  range s e l e c t o r  swi tch  
s e t  t.o t h e  50-volt-ac s c a l e .  The b lack  
meter  l e a d  should be plugged i n t o  t h e  
colurnln (-) t e rmina l  of t h e  meter and t h e  
f r e e  end connected t o  t h e  ground. The 
red  l e a d  must be plugged i n t o  t h e  meter 
ou tpu t  j ack  and connected t o  t h e  t r o l l e y  
wi re .  The t r o l l e y  pole  must be i n  con- 
t a c t  w i th  t h e  wire .  A read ing  of 15- 
v o l t s  o r  more when t h e  t r a n s m i t t e r  i s  
keyed i n d i c a t e s  normal ope ra t i on  provided 
t h e  t e s t  i s  made a t  l e a s t  200 f e e t  from 
t h e  n e a r e s t  power r e c t i f i e r  t h a t  s u p p l i e s  
t h e  t r o l l e y  wire .  This  t e s t  cannot be 
performed on 600-volt dc systems s i n c e  
t h i s  vo l t age  w i l l  o v e r s t r e s s  some compo- 
nen t s  i n s i d e  t h e  mul t imeter .  I n  t h i s  
c a s e ,  t h e  u n i t  should be r e tu rned  t o  t h e  
r e p a i r  shop f o r  a  s t anda rd  bench t e s t .  
It should be noted t h a t  t h e  meter w i l l  
respond t o  r i p p l e  p r e sen t  on t h e  t r o l l e y  
w i r e ;  t hus  a  base  read ing  of up t o  10 
v o l t s  w i l l  be shown even w i th  t h e  t r an s -  
m i t t e r  o f f .  

3 .  Change t h e  loudspeaker  u n i t  and 
check f o r  normal ope ra t i on .  



7.2.3f Mapping Signal  Levels 

The maintenance of t r o l l e y  c a r r i e r  
phone systems r equ i r e s  not only the  main- 
tenance of the  equipment involved, but 
t h e  maintenance of t h e  t ransmiss ion  l i n e  
( t r o l l e y  wi re - r a i l )  used t o  t ransmit  t h e  
s i g n a l s  ( r e f e r  t o  paragraph 5.3.1). Evi- 
dence accumulated over t h e  years  ind i -  
c a t e s  t h a t  t h i s  s i g n a l  pa th  is s u b j e c t  t o  
many loads t h a t  impede t h e  propagation of 
c a r r i e r  s igna l s .  

One of t h e  most u se fu l  ways of de- 
termining t h e  s t a t e  of t h e  o v e r a l l  
t ransmiss ion  system is t o  map t h e  s i g n a l  
and no i se  s t r e n g t h s  a t  var ious  poin ts  
throughout t h e  mine. Such mapping re- 
q u i r e s  a tuned signal-measuring device. 

The mapping is p re fe rab ly  c a r r i e d  
o u t  by measuring t h e  s i g n a l  produced 
by t h e  d i s p a t c h e r ' s  t r a n s m i t t e r  a t  var i -  
ous p o i n t s  a long t h e  ra i l  haulage system 
where veh ic l e s  operate .  A s a t i s f a c t o r y  
way of conducting t h e  measurements is 
t o  p lace  a s u i t a b l e  tuned vol tmeter  
aboard a mine veh ic l e  (such a s  a j eep ) ,  
and a t  app ropr i a t e  p l aces  along t h e  r a i l  
haulage--f o r  example, a t  2,000- o r  3,000- 
f o o t  intervals--measure t h e  received d i s -  
pa t che r ' s  s i g n a l  and background noise.  
These va lues  should be noted on a mine 
map f o r  f u t u r e  r e f e rence  as t h e  mine ex- 
pands, o r  as c a r r i e r  phone problems oc- 
cur.  Except under extremely unusual con- 
d i t i o n s ,  t h e  s igna l - s t r eng th  map produced 
i n  t h i s  manner w i l l  a l s o  i n d i c a t e  t h e  
l e v e l  of s i g n a l  t h a t  a veh ic l e  t ransmit-  
t e r  a t  t h e  measuring p o s i t i o n  would pro- 
duce a t  t h e  d i s p a t c h e r ' s  place. A por- 
t i o n  of a mine map wi th  s i g n a l  and n o i s e  
readings  is shown i n  f i g u r e  7-1. 

The equipment f o r  making such a 
s igna l - s t r eng th  map must be b a t t e r y  oper- 
a t e d ,  e a s i l y  po r t ab l e ,  and easy t o  use 
and read. Two such u n i t s  commercially 
a v a i l a b l e  a r e  shown i n  f i g u r e  7-2. These 
tuned vol tmeters  a r e  general-purpose, 
bat tery-operated instruments  app ropr i a t e  

FIGURE 7-1. - Example of s ignal  level map. 

f o r  many t a s k s  o the r  than t h e  mapping of 
t r o l l e y  c a r r i e r  s i g n a l  l eve l s .  For t h i s  
reason c a r e f u l  a t t e n t i o n  must be paid t o  
t h e  tun ing  of t h e  instrument t o  t h e  pre- 
c i s e  frequency, a t t e n u a t o r  s e t t i n g s ,  and 
meter i nd ica t ions .  Table 7-2 g ives  spec- 
i f i c a t i o n s  f o r  t hese  tuned vol tmeters .  

The simple s t r a igh t fo rward  procedure 
of measuring t h e  d i spa t che r ' s  s i g n a l  lev- 
e l  from a jeep o r  veh ic l e  moving about 
t h e  mine can b e s t  be accomplished by con- 
nec t ing  t h e  t r o l l e y  wire vol tage  on board 
t h e  vehic le  t o  t h e  inpu t  of t h e  tuned 
vol tmeter .  Because of t h e  hazards asso- 
c i a t e d  wi th  the  high vol tage  of t h e  t r o l -  
l e y  wire ,  e i t h e r  vol tmeter  has t o  be 
proper ly  i s o l a t e d  s o  t h a t  personnel  oper- 
a t i n g  t h e  instrument are not  subjec ted  t o  
t h i s  vo l tage  through e r r o r  i n  operat ion.  
Therefore,  i t  is  important t h a t  a capaci- 
t o r  and a f u s e  be connected i n  t h e  s e r i e s  
wi th  the  instrument t o  i n su re  t h a t  t h e  
p o t e n t i a l l y  l e t h a l  vo l tage  of t h e  t r o l l e y  
wire  does not  i nadve r t en t ly  reach an 
operator .  Figure 7-3 shows a poss ib l e  
way of connecting t h e  instruments .  



TABLE 7-2. - Key s p e c i f i c a t i o n s  of tuned vo l tmete rs  

Accuracy : 
Frequency . . . . . . . . . . . . ~ ~ m m m m ~ . . ~ ~ m m  

Level....................~~~~..dB.. 
S e l e c t i v i t y  ( s t anda rd  250 Hz), Hz: 

3-dB band~idth..........~..~~~~~~~~ 
35-dB bandwidth. . . . . . . . . . . . .mmmmmmm 
60-dB  bandwidth............^.^^^^^^ 

Ranges ( f u l l   scale).............^^^^^ 

In t e rmed ia t e  f r equenc i e s ,  M z :  

Rycom 3115 
3-200 

S p e c i f i c a t i o n  
Frequency range ................. H z . .  

2nd................~~~~~~~~~~.~~~~. 
Power requirements................... 

S i e r r a  127C 
2-350 

V~ltage............~~~~....~~~~~~~... 
Bat t e ry  l i f e  ( z i n c  carbon)... .hours.. 

1,305 
330 

6 zinc-carbon o r  7  NiCd 
rechargeable  D-size c e l l s  

9 (nominal) 
100 

NAP 
NAP 

2  g e l  c e l l s  
Globe 610 

12 
5 (cont inuous)  

Temperature range.. .............. "C..  I - 10-50 1 - 10-55 
Dimensions, inches:  

 width...................^^^^^^^^^.^ 
Height.................~mmmmmmmmmmm 
 depth..............^^^^.^^^^^^^^^^^ 

 weight.............^^^^^^^ m.mpounds.. I 15 1 6 
NAp Not app l i cab l e .  

WARNING 

Disconnect t h e  inst rument  when 
t h e  v e h i c l e  is moving. T rans i en t s  
from t h e  v e h i c l e  motor ! can  cause 
damage. 

CAUTION 

The fo l lowing  procedure is un- 
de r t aken  w i th  t h e  t r o l l e y  wi re  ener- 
g i z e d ;  t h e r e f o r e ,  i t  i s  extremely 
hazardous.  Extreme cau t ion  must be 
exe rc i s ed  t o  avoid p o t e n t i a l l y  l e t h a l  
shock. The f u s e s  used i n  t h e  t e s t  
l e a d s  s e r v e  only t o  p r o t e c t  equipment 
and do n o t  i n  any way reduce t h e  
shock hazard t o  personnel.  Only per- 
sonne l  thoroughly f a m i l i a r  wi th  e lec-  
t r i c a l  work on t r o l l e y  wires should 
conduct t h e  test procedures.  Equip- 
ment used must be a p p r o p r i a t e  f o r  
t h i s  app l i ca t i on .  

t h e  d i s p a t c h e r  t o  "key" h i s  t r a n s m i t t e r  
f o r  a  5-second t ransmiss ion  of unmodu- 
latled c a r r i e r .  The response on t h e  i nd i -  
c a t i n g  meter is noted,  t oge the r  wi th  any 
at t lenuator  s e t t i n g ,  so  t h a t  an a b s o l u t e  
va lue  of vo l t age  ( i n  v o l t s  nus) can be 
no ted  on t h e  corresponding p o s i t i o n  on 
t h e  mine map. It may be necessary when 
s t a r t i n g  measurements t o  sw i t ch  t h e  range 
knobs of t h e  ins t ruments  t o  make s u r e  
t h a t  t h e  i n s t rumen t ' s  response is  on 
s c a l e  r a t h e r  than  high and o f f  t h e  s c a l e .  
I n  t h i s  even t ,  perhaps two t ransmiss ions  
w i l l  be r equ i r ed  before  on-scale readings 
a r e  obtained.  Af t e r  t h e  t ransmiss ion  
from t h e  d i spa t che r  is  recorded,  t h e  sen- 
s i t i v i t y  of t he  inst rument  should be in-  
c r ea sed  and t h e  no i s e  l e v e l  a t  t h e  par- 
t i c u l a r  p o s i t i o n  noted aga in  i n  v o l t s  o r  
m i l l i v o l t s  nus. 

The s igna l - l eve l  map w i l l  r e v e a l  re- 
g ions  of t h e  mine where t h e  d i spa t che r  
s i g n a l s  a r e  weak which may cause d i f f  i- 

To make a  measurement, t h e  v e h i c l e  c u l t i e s  i n  c a r r i e r  communicationm The 
i s  moved t o  t h e  d e s i r e d  l o c a t i o n  i n  t h e  mine map w i l l  a l s o  r evea l  reg ions  where 
mine and stopped. The ope ra to r  then  a sks  



excess ive  no ise  is  t h e  main cause of poor 
communications. In  t h i s  event ,  i t  is i m -  
p o r t a n t  t o  l o c a t e  t h e  source  of t h e  of-  
fending no i se  and t o  t ake  measures t o  a l -  
l e v i a t e  t h e  problem. 

The s igna l - l eve l  map w i l l  a l s o  be 
extremely u s e f u l  should c a r r i e r  communi- 
c a t i o n s  d e t e r i o r a t e  wi th  t ime, with t h e  
i n s t a l l a t i o n  of new equipment, o r  wi th  
t h e  advancement of t h e  mine. Reference 
can be made back t o  t h e  o r i g i n a l  s i g n a l  
l e v e l s  t o  determine i f  and why communica- 
t i o n s  have been degraded. 

RYCOM 3115 

7.3 Summary 

Good prevent ive  maintenance and pe- 
r i o d i c  i n spec t ion  p r a c t i c e s  a r e  t h e  key 
t o  succes s fu l ly  maintaining any communi- 
c a t i o n  system. Common problems t h a t  can 
a f f e c t  communications include:  

Corrosion or  conductive dus t  on bat-  
t e r y  te rmina ls .  

Cable abras ion  and l i n e  breaks. 

Corrosion on swi tch  con tac t s  o r  i n  
c a b l e  s p l i c e s .  

FIGURE 7-2. - Tuned voltmeters. 

7 TROLLEY WIRE 

FIGURE 7-3. - Instrument connections. 

Weak b a t t e r i e s .  

Blown fuses .  

Weak o r  broken sp r ings  on spr ing-  
loaded connectors.  

Poor s p l i c i n g  techniques.  

I n  a d d i t i o n  t o  problems t h a t  develop 
owing t o  normal system usage and environ- 
mental  cond i t i ons ,  t r o l l e y  c a r r i e r  sys- 
tems may be a f f e c t e d  by c h a r a c t e r i s t i c s  
of t h e  t r o l l e y  w i r e  and r a i l  i t s e l f .  
Poor s i g n a l  s t r e n g t h  may r e s u l t  because 
of b r ing ing  loads ac ros s  t he  t r o l l e y  
w i r e - r a i l  o r  high s i g n a l  a t t e n u a t i o n  
r a t e s  i n  t h e  t r o l l e y  wire. Methods of 
compensating f o r  t h e  e f f e c t  of b r idg ing  
a c r o s s  t h e  w i r e - r a i l  a r e  given i n  s e c t i o n  
5.3.1. 
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A.l INTKODUCTION 

Because no two mines a r e  i d e n t i c a l ,  
t h e r e  i s  no "one b e s t  system" t h a t  can be 
de f ined  t o  meet t h e  requirements of a l l  
mines. The fol.lowing examples of system 
I n s t a l l a t i o n s  a r e  presented t o  i n d i c a t e  
how some mines have adapted a v a i l a b l e  
equipment t o  meet t h e i r  p a r t i c u l a r  
requirements.  S e l e c t i o n  of examples w e r e  
based on t h e  goa l  of ob t a in ing  t h e  widest  
p o s s i b l e  range and c r o s s  s e c t i o n  of t h e  
fo l lowing  c h a r a c t e r i s t i c s :  

Type of mine 

Age and s i z e  of mine 

E l e c t r i c a l  power usage 

Haulage methods 

E x i s t i n g  communications 

Usefulness  of p r e sen t  communications 

Examples A through F a r e  of coa l  
mines u t i l i z i n g  var ious  combinations of 
magneto, pager ,  and convent ional  t r o l l e y -  
ca r r i e r - t ype  phone systems. Example G is  
of  a magnet i te  o r e  block-caving ope ra t i on  
where a r a d i a t i n g  cab l e  and r a d i o  system 
i s  used. Example H i n d i c a t e s  how a d i a l -  
page phone system can be u t i l i z e d  i n  a 
c o a l  mine. Example I p re sen t s  a mult i -  
channel  (mult iplexed c a r r i e r )  system 
p r e s e n t l y  i n  use  i n  a deep metal mine. 

A .2 MINE A 

Mine Descr ip t ion  

Mine A is p a r t  of a connected four -  
mine complex. This  p a r t i c u l a r  mine i s  
approximately 20 yea r s  o ld ,  and a l though 
t h e r e  a r e  some new working s e c t i o n s ,  t h e  
major c o a l  e x t r a c t i o n  is  from r e t r e a t  
mining where p i l l a r s  are being pul led.  
Personnel  e n t r y  is  achieved through a 

use of  company names i s  f o r  i d e n t i f i -  
c a t i o n  purposes on ly  and does  n o t  imply 
endorsement by the Bureau of  Mines. 

v e r t i c a l  s h a f t  approximately 545 f e e t  
deep. Coal i s  removed from t h e  f a c e  a r e a  
by s h u t t l e  c a r s  and placed i n  a set of 
s i x  t racked  haulage cars .  When f u l l ,  
t h e  sets of c a r s  a r e  combined i n t o  t r a i n s  
and brought t o  t h e  su r f ace  through a 
s lope  en t ry .  Average coa l  product ion is  
4,000 t o  5,000 tons  per  day f o r  240 work- 
i ng  days,  s e t t i n g  year ly  product ion a t  
approximately 1 m i l l i o n  tons.  

The mine s i z e  is  c u r r e n t l y  2.4 m i l e s  
no r th  and south  by 3.9 m i l e s  e a s t  and 
west wi th  overburden from 545 f e e t  t o  
1,000 f e e t .  All t unne l s  and haulageways 
a r e  t y p i c a l l y  6.5 f e e t  high by 14 t o  
15 f e e t  wide. An average working s e c t i o n  
i s  425 f e e t  by 300 f e e t  long,  and 10-foot 
roof b o l t s  a r e  used. The mine has  only 
one borehole ,  which i s  used t o  supply t h e  
mine wi th  water. 

Curren t ly  t h e  mine has  s i x  working 
s e c t i o n s  of whicii f i v e  a r e  worked every 
s h i f t .  The s h i f t s  run from 8 a.m. t o  
4 p.m., 4 p.m. t o  12 p.m., and 12 p.m. t o  
8. a.m. A t y p i c a l  working s e c t i o n  cyc l e  
s t a r t s  wi th  t h e  continuous miner c u t t i n g  
c o a l  and f i l l i n g  a s h u t t l e  car .  When t h e  
s h u t t l e  c a r  i s  f u l l ,  t h e  d r i v e r  moves t h e  
c o a l  load t o  t h e  t r a c k s  and t r a n s f e r s  t h e  
c o a l  t o  one of t h e  s i x  haulage c a r s  posi-  
t i oned  on t h e  s i d e  t rack .  The s h u t t l e  
c a r  then r e t u r n s  t o  t h e  continuous miner 
t o  repea t  t he  cycle.  Excluding mechani- 
c a l  t r o u b l e ,  t h e  continuous miner w i l l  
c u t  a block of c o a l  5 f e e t  high,  15 f e e t  
wide, and 16 f e e t  long i n  1 hour,  and a 
s e c t i o n  can mine f i v e  blocks t h i s  s i z e  i n  
a n  8-hour s h i f t .  The mine t y p i c a l l y  has  
100 men underground per  s h i f t .  

Mine Eau i~men t  and Power 

The prime power f o r  t h e  mine is  
550 v o l t s  brought i n  on a f e e d e r  cable .  
I n  t h e  mine t h e  t r o l l e y  w i r e  is  run par- 
a l l e l  t o  t h e  f e e d e r  cable.  A t  t h e  work- 
i n g  s e c t i o n  t h e  continuous miner, s h u t t l e  
c a r s ,  and c a r  p u l l  are run o f f  t h e  550- 
volt-dc t r o l l e y  l i n e  f ed  a t  n i p  s t a t . i ons .  
Compressed a i r  is  used t o  run t h e  roof- 
b o l t i n g  machine. 



The equipment a t  each working sec-  
t i o n  i nc ludes  one continuous miner, two 
s h u t t l e  c a r s ,  one roof -bo l t ing  machine, 
and one c a r  p u l l .  Other equipment 
i nc ludes  3 bot  tom-loading machines, 
2 minor-type c u t t i n g  machines, and 
12 pumps. 

The t r acked  v e h i c l e s  inc lude  3 d u a l  
locomotives o r  tandems, 24 Jeeps ,  and 
3 p o r t a l  buses. 

Presen t  Mine Commnications 

The p re sen t  comrmnication c o n s i s t s  
of a c a r r i e r  phone system and a magneto- 
phone system. A l l  v e h i c l e s  are equipped 
w i t h  FEMCO c a r r i e r  phones, and a l l  a c t i v e  
working s e c t i o n s ,  a long  wi th  s e l e c t e d  
underground p o s i t i o n s ,  have Western E l e c -  
t r i c  magnetophones. 

Telephone Sys tem 

The h e a r t  of t h i s  mine's communica- 
t i o n  system i s  a c e n t r a l  d i spa t che r  
l o c a t e d  a t  t h e  bottom of t h e  main s h a f t .  

Eight  par ty- l ine  magnetophone c i r -  
c u i t s  t e rmina te  a t  a s imple switchboard 
i n  t h e  d i s p a t c h e r ' s  o f f i c e ,  Each of 
t h e s e  8 c i r c u i t s  has s e v e r a l  of t h e  
41 te lephones wired i n  p a r a l l e l .  C a l l s  
between c i r c u i t s  must be made through t h e  
d i s p a t c h e r  and h i s  o r  h e r  switchboard, 
whereas c a l l s  w i t h i n  a c i r c u i t  need not.  
The d i s p a t c h e r  can connect any two phone 
c i r c u i t s  t oge the r  and can make two of 
t h e s e  connect ions,  gene ra t i ng  two inde- 
pendent phone c i r c u i t s  f o r  two-channel 
opera t ion .  

Since t h i s  magnetophone system oper- 
ates wi th  a b e l l  r i n g e r  r a t h e r  t han  a 
loudspeaker ,  t h e  r i n g s  are coded t o  i n d i -  
cate c e r t a i n  p l aces  o r  i nd iv idua l s .  The 
d i s p a t c h e r  commnicates  through a s i n g l e  
headse t ,  and s e l e c t i o n  of e i t h e r  t h e  mine 
phone o r  t h e  c a r r i e r  phone i s  made us ing  
a two-pos i t ion  switch. Other swi tches  
connect and disconnect  t h e  var ious  mine 
te lephone c i r c u i t s ,  

This  d i spa t che r  c o n t r o l s  a l l  v e h i c l e  
t r a f f i c  and se rves  as a te lephone 
opera tor .  Operator d u t i e s  i nc lude  

answering phone c a l l s ,  switching phone 
c i r c u i t s ,  personnel  c a l l i n g  and l o c a t i o n ,  
and t ak ing  and r e l a y i n g  messages. 

Because t h e  d i spa t che r  i s  more 
l i k e l y  t o  contac t  a working s e c t i o n  
through t h e  motor and a n  a s soc i a t ed  ca r -  
r ier  phone i n  t h a t  s e c t i o n ,  t h e  mine 
phone i s  used r e l a t i v e l y  l i t t l e  compared 
wi th  t h e  c a r r i e r  phone. 

Based on t h e  observed t r a f f i c  den- 
s i t y  and on t h e  number of phones i n  t h e  
system, t h e  p r o b a b i l i t y  of a busy s i g n a l  
on t h e  magnetophone system i s  5%. 

Tro l l ey  C a r r i e r  Phone System 

Vehicle-mounted c a r r i e r  phone usage 
dur ing  a t y p i c a l  s h i f t  is  shown i n  f i g u r e  
A-1. 

During a f i r s t  s h i f t  survey,  t h e r e  
were 182 d i spa t ch ing  calls,  20 c a l l s  
r e l a t i n g  t o  personnel  l oca t ion ,  and 58 
calls r e l a t i n g  t o  p l ac ing  empty and 
loaded cars. 

Commnications Requirements--Users ' - 
Viewpoint -- 

Evidence of t h i s  mine's i n t e r e s t  i n  
commnhcations is shown by t h e  express ion  
of one foreman t h a t  " t h e i r  product ion 
woultd be c u t  i n  h a l f  i f  they l o s t  e i t h e r  
te lephone o r  carrier phone commnica- 
t ions ."  An important  commnicat ions.  
requirement a s  def ined  by t h e  management 
of t h i s  mine concerned s a f e t y .  They 
s t rong ly  f e l t  t h a t  a secure  channel was 
needed where only t h e  persons c a l l i n g  and 
c a l l e d  could hea r  t h e  conversation. 
There a r e  two reasons  f o r  t h i s :  F i r s t ,  
anyone seeking  a i d  f o r  a n  i n j u r e d  miner 
tends  t o  b e l i t t l e  t h e  s e r iousnes s  of t h e  
i n j u r y  because he knows t h a t  f r i e n d s  and 
r e l a t i v e s  of t h e  i n j u r e d  miner, and those  
just: cu r ious ,  w i l l  be l i s t e n i n g  t o  t h e  
conversat ion.  The problem is  not  unique 
t o  t h i s  mine. Secondly, t h e  phones of 
t h e s e  eavesdroppers load  t h e  l i n e  t o  t h e  
ex t en t  t h a t  t h e  emergency communications 
a r e  impaired. 

Based on t h i s  r e a l i s t i c  s i t u a t i o n ,  a 
b a s i c  communications requirement is  a 
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FIGURE A-1. - Vehicle-mounted carrier phone use in  typ ica l  shi f t .  

p r i v a t e  l i n e ,  s e l e c t i v e  c a l l i n g  channel  
o v e r  which t h e  person a t t e n d i n g  a n  
i n j u r e d  person can p r i v a t e l y  c a l l ,  a t  h i s  
o r  h e r  d i s c r e t i o n ,  t h e  mine foreman, t h e  
d i s p a t c h e r ,  t h e  s a f e t y  foreman, o r  t h e  
n e a r e s t  h o s p i t a l  o r  ambulance s e r v i c e .  
Note t h a t  a conven t iona l  p r i v a t e  d i a l  
sys tem meets t h i s  requirement .  Mine C 
( d e s c r i b e d  i n  s e c t i o n  A-4) has  a d i a l  
phone a d j a c e n t  t o  each  pager  phone. This  
met t h e  need f o r  a s e c u r e  channel  
f o r  bo th  management and emergency 
communications. 

Communications Requirements--Based 
on Survey Ana lys i s  

Although t h e  pe rsonne l  i n t e r v i e w e d  
f e l t  t h e  q u a l i t y  of t h e i r  communications 
was adequa te ,  a n a l y s i s  i n d i c a t e s  t h a t  
e x c e s s i v e  n o i s e  and d i s t o r t i o n  were p res -  
e n t .  There fore ,  a requirement  t h a t  
a p p l i e s  t o  t h i s  mine a s  w e l l  a s  t o  a l l  
communication systems i s  t h a t  of reason- 
a b l e  s igna l - to -no i se  r a t i o  f o r  good 
i n t e l l i g i b i l i t y .  

The f a c t  t h a t  t h e  chance of g e t t i n g  
a busy s i g n a l  is 5% i s  proof t h a t  addi-  
t i o n a l  channel  c a p a c i t y  i s  needed. Add- 
i n g  a d d i t i o n a l  channels  t o  a wired system 
appears  t o  be an a c c e p t a b l e  s o l u t i o n  
s i n c e  t h e s e  e x t r a  channels  w i l l  minimize 
t h e  t e lephone  d u t i e s  t h e  d i s p a t c h e r  now 
performs and w i l l  e l i m i n a t e  t h e  communi- 
c a t i o n  system b lock ing  problem. Calcula-  
t i o n s  i n d i c a t e  t h a t  a minimum of f i v e  
communication channels  a r e  needed f o r  
t h i s  mine. Furthermore,  making one of 
t h e  f i v e  channels  a p r i v a t e  l i n e  w i l l  
f u l f i l l  t h e  requirement  f o r  p r i v a t e  
communications. 

Also,  from observ ing  t h e  mine opera- 
t i o n  and t a l k i n g  t o  v a r i o u s  pe rsonne l  i t  
appears  t h a t  s e c t i o n  foremen, l i k e  t h e  
foremen i n  most i n d u s t r i a l  o p e r a t i o n s ,  
a r e  overworked, and y e t  a r e  t h e  key t o  
improving p r o d u c t i v i t y .  There fore ,  wire- 
l e s s  communication i s  needed f o r  a t  l e a s t  
t h e  s e c t i o n  foremen a long  w i t h  v a r i -  
ous o t h e r  s u p e r v i s o r s  and maintenance 
personnel .  



From t h i s  b r i e f  a n a l y s i s  of t h e  mine 
and i t s  c u r r e n t  communications, t h e  f o l -  
lowing i s  a l i s t  of minimum communication 
requ i rements  f o r  Mine A. 

a .  Reasonable communication channe l  
s i g n a l - t o - n o i s e  l e v e l .  

b. A t  l e a s t  f i v e  independent  v o i c e  
channe l s .  

c. A t  l e a s t  one s e c u r e  v o i c e  chan- 
n e l ,  which may be i n c l u d e d  i n  t h e  f i v e  
v o i c e  channels .  

d. Some form of w i r e l e s s  communica- 
t i o n  t o  s e l e c t  i n d i v i d u a l s  on t h e  working 
s e c t i o n  o r  rov ing  i n  haulageways. 

A.3 MINE B 

Mine D e s c r i ~ t i o n  

Mine B c o n s i s t s  of a d j a c e n t  (No. 1 
and No. 2) low-coal mines. The No. 1 
Mine employs longwal l  and con t inuous  min- 
ing .  The No. 2 Mine employs c o n v e n t i o n a l  
and con t inuous  mining and i s  p r e p a r i n g  
f o r  i t s  f i r s t  longwal l  o p e r a t i o n .  Both 
mines employ b e l t  c o a l  hau lage  t o  c l o s e l y  
l o c a t e d  d r i f t  e n t r a n c e s .  Men and sup- 
p l i e s  e n t e r  t h e  No. 1 Mine by a 400-foot 
s h a f t  remotely l o c a t e d  from t h e  No. 2 
Mine d r i f t  en t rance .  From t h e  two mines ,  
8 ,000 t o n s  of c o a l  p e r  day a r e  mined by 
a b o u t  600 union men under  t h e  s u p e r v i s i o n  
o f  abou t  60 o f f i c i a l s .  

The No. 1 and No. 2 Mines each cur-  
r e n t l y  employ one longwal l  mining u n i t  
and c o n v e n t i o n a l  working s e c t i o n s  of Lee 
Norse con t inuous  miners.  For t h e  No. 1 
Mine's longwal l  mining,  c o a l  i s  moved by 
a n  armored f a c e  conveyor t o  a s t a g e  
l o a d e r  a t  one end of t h e  longwal l ,  t o  a n  
e x t e n d a b l e  b e l t ,  and f i n a l l y  t o  a con- 
v e n t i o n a l  b e l t .  

I n  a d d i t i o n  t o  longwal l  mining,  t h e  
No. 2 Mine employs a fu l l -d imens ion  u n i t ,  
a  conven t iona l  mining u n i t ,  and con t inu-  
ous  miners  f o r  seven working s e c t i o n s  p e r  
s h i f t .  

The equipment used i n  c o n v e n t i o n a l  
mining c o n s i s t s  of a c u t t i n g  machine, a 

l o a d e r ,  and two s h u t t l e  c a r s .  With a 
fu l l -d imens ion  system,  t h e  s h u t t l e  c a r s  
a r e  r e p l a c e d  by a n  e x t e n d a b l e  b e l t .  

Coal i s  brought  o u t  of t h e  two mines 
by conveyor b e l t ,  and men and s u p p l i e s  
a r e  moved by t r a c k .  The c o a l  i s  moved by 
b e l t  from t h e  two mines t o  a s c r e e n i n g  
house having 1 ,250 t o n s  of s t o r a g e  capac- 
i t y .  To cope w i t h  s l a c k s  and over f lows ,  
c o a l  can  be a u t o m a t i c a l l y  d i v e r t e d  t o  a 
12,000-ton-capacity s t o r a g e  p i l e .  

Ac power i s  brought i n t o  t h e  mines 
a t  12,470 v o l t s .  Two r e c t i f i e r s  a r e  
p o s i t i o n e d  a t  every  6,000 f e e t  of t r a c k ,  
each w i t h  a c a p a b i l i t y  of 300 kW, t o  
supply 300-volt-dc power t o  t h e  t r o l l e y  
w i r e s  and t h e i r  f e e d e r s .  I n  a d d i t i o n  t o  
supp ly ing  locomotives  w i t h  power, t h e  
t r o l l e y  l i n e s  supply power, a t  n i p  p o i n t s  
a l o n g  t h e  l i n e ,  f o r  t h e  o p e r a t i o n  of t h e  
300--volt-dc s h u t t l e  c a r s .  Where needed, 
t h e  12,470 v o l t s  a c  i s  t ransformed t o  
600 v o l t s  t o  p rov ide  a c  power f o r  rock 
d u s t e r s ,  conveyor b e l t  d r i v e s ,  miners ,  
roof b o l t e r s ,  and b e l t  f e e d e r s .  

P r e s e n t  Mine Communications 

The equipment used i n  each of t h e  
two mines i n c l u d e s  paging-type p a r t y  l i n e  
t e l e p h o n e s ,  t r o l l e y  c a r r i e r  phones,  t h e  
f i r e  s e n s o r  t a p e  r e c o r d i n g  t h a t  would 
a u t o m a t i c a l l y  be patched i n t o  t h e  phone 
system should t h e r e  be a b e l t  f i r e ,  and 
t h e  f a n  s e n s o r s  t h a t  u t i l i z e  t h e  phone 
l i n e s .  

The No. 1 Mine's communications sys-  
tems a r e  independent  of t h e  No. 2 Mine's ,  
bu t  g e n e r a l l y  of t h e  same s i z e  and equip- 
ment types .  The No. 2 Mine's c h i e f  
e l e c t r i c i a n ' s  o f f i c e  has  a No. 1 Mine 
phone, a s  does  t h e  No. 2 Mine's foreman 's  
o f f i c e .  

Telephone System 

Since bo th  mines have s i m i l a r  com- 
munica t ion  equipment,  only  t h e  No. 2 Mine 
w i l l  be desc r ibed .  The No. 2 Mine has  
31 underground loudspeaking t e lephones .  
The underground phones a r e  a l l  i n  a 
s i n g l e  network. The f o l l o w i n g  seven  s u r -  
f a c e  phones a r e  a l s o  i n  t h i s  network: 



Outside mechanics shanty--1 

Outside shop--1 

Audi torium--1 

Chief e l ec t r i c i an - -1  

Cleaning plant--2 

a t  t h e  i n s i d e  mechanics shanty ,  two on 
u t i l i t y  jeeps ,  and two on motors. 

One shortcoming of t h e  p re sen t  car -  
r i e r  system is  t h a t  t h e r e  i s  no way f o r  
personnel  w i th  c a r r i e r  phones t o  commni- 
c a t e  wi th  working sec t ions .  Mine per- 
sonne l  would l i k e  some way of pa tch ing  
t h e  c a r r i e r  and pager phone systems 
toge ther .  

Double breaker  switchhouse--1 
Longwall Couumnications 

The paging phones used i n  t h e s e  
mines use  6 v o l t s  f o r  normal phone use  
and 22.5 v o l t s  dur ing  paging. With t h e s e  
phones, p r e s s ing  t h e  paging but ton  a t  any 
s t a t i o n  permi ts  t h e  ope ra to r  t o  broadcast  
through t h e  loudspeakers  on t h e  remaining 
37 te lephones.  On r e l e a s i n g  t h e  paging 
bu t ton  t h e  ope ra to r  can converse w i th  
anyone who p i cks  up t h e  handset  on any 
o t h e r  phone. 

Tape recordings were taken  of bo th  
t h e  No. 1 and t h e  No. 2 Mine's p a r t y  l i n e  
pager  phone system and t h e  No. 1 Mine's 
c a r r i e r  phone system. Analysis  of t h e s e  
record ings  revea led  t h a t  f o r  t h e  No. 2 
Mine, based on hour i n t e r v a l s ,  t h e  most 
t h e  system is  used i s  about  50% of t h e  
t ime,  between 9 and 10 a.m. But, based 
on 1 5 m i n u t e  i n t e r v a l s ,  t h e  phones a r e  
used  nea r ly  90% of t h e  t ime around 3:30 
i n  t h e  a f te rnoon.  

This  heavy usage occurs  dur ing  t h e  
l a s t  hour of t h e  s h i f t  when s e c t i o n  fo re -  
men a r e  making t h e i r  end-of-shif t  r e p o r t s  
on product ion s t a t u s ,  s u p p l i e s  on hand, 
supply r eques t s ,  and maintenance work 
r eques t s .  The f a c t  t h a t  t h e  phone system 
i s  used 90% of t h e  time s i g n i f i e s  t h a t  
o t h e r  c a l l s  t h a t  could improve product ion 
e f f i c i e n c y  must e i t h e r  be delayed o r  no t  
made a t  a l l .  

C a r r i e r  Phone System 

A second means of vo ice  communica- 
t i o n s  i s  t h e  c a r r i e r  phone system t h a t  
u s e s  t h e  dc  t r o l l e y  wi re  a s  a c a r r i e r  of 
88-kHz (No. 2 Mine) and 100-kHz (No. 1 
Mine) FM. In  each 'mine f i v e  c a r r i e r  
phones a r e  used: One a s  a base s t a t i o n  

Five permiss ib le  loudspeaking t e l e -  
phones a r e  spaced a t  125-foot i n t e r v a l s  
a long t h e  500-foot longwall  system. 
These f i v e  phones a r e  connected t oge the r  
t o  form an independent communications 
system. Near t h e  phones a t  e i t h e r  end of 
t h e  longwall  system a r e  phones of t h e  
o v e r a l l  te lephone network. Though not  
in te rconnec ted ,  t h e  two phone networks 
a r e  phys i ca l l y  c l o s e  t o  each o ther .  

The f i v e  phones a r e  i d e n t i c a l  t o  
those  of t h e  main te lephone system except  
t h a t  t h e  paging mode i s  permanently wired 
i n t o  a l l  f i v e  phones a s  a s a f e t y  measure. 
Anything s a i d  i n t o  any one of t h e  f i v e  
handse ts  w i l l  be broadcast  over  a l l  f i v e  
loudspeakers ,  t h u s  a l e r t i n g  a l l  nearby 
personnel  of a c t i v i t y  on t h e  longwall  
s ec t i on .  

Be l t  Maintenance Communications 

Along t h e  b e l t  l i n e s  (every 
2,000 f e e t )  and a t  t h e  b e l t  heads a r e  
l oca t ed  phones of t h e  te lephone communi- 
c a t i o n s  system. The b e l t  heads a r e  t h e  
only spo t s  where b e l t  mechanism f i r e s  a r e  
l i k e l y  t o  occur. 

Be l t  F i r e  Alarm System 

Although t h e s e  mines have never had 
a b e l t  f i r e ,  t h e i r  f i r e  a la rm system i s  
b e t t e r  than  requi red  by law. A t ape  
p l aye r  is  pos i t i oned  underground and when 
a c t i v a t e d  w i l l  broadcast  a warning over  
a l l  te lephone and c a r r i e r  phone loud- 
speakers .  The recorded message warns 
a l l  personnel  of t h e  alarm condi t ion ,  
s p e c i f i e s  t h e  l o c a t i o n  of t h e  t r i p p e d  



a l a r m s ,  and a d v i s e s  pe rsonne l  of s a f e t y  
p r e c a u t i o n s  t o  be taken.  

Fan-Stop Alarm 

I n  t h e  even t  a  f a n  s t o p s ,  p r o v i s i o n  
i s  made f o r  u t i l i z i n g  t h e  phone systems 
t o  i n s u r e  t h a t  p roper  a c t i o n  i s  taken.  
A t  t h e  No. 1 Mine, where t h e r e  i s  a  phone 
a t  t h e  f a n  s i t e  and where pe rsonne l  a r e  
w i t h i n  e a r s h o t  of an  a u d i b l e  a la rm,  t h e  
pe rson  responding t o  t h e  a lz rm can  u s e  
t h e  normal t e lephone  system i n  s e e k i n g  
h e l p .  The f a n s  f o r  t h e  No. 2 Mine a r e  
remote from any mine personne l  s o  t h e  
a l a r m  i s  a u t o m a t i c a l l y  s e n t  o v e r  a  com- 
m e r c i a l  phone l i n e  t o  No. 2 Mine's 
lamphouse. 

Communications Requirements--User ' s 
Viewpoint 

Through i n t e r v i e w s  and d i s c u s s i o n s  
w i t h  t h o s e  who u s e ,  p l a n ,  and m a i n t a i n  
t h e  communications sys tems,  communica- 
t i o n s  requ i rements  were determined t h a t  
would a i d  p roduc t ion  a t  t h e s e  mines. 
These requ i rements  d e a l t  d i r e c t l y  w i t h  
mine o p e r a t i o n s  not  u s i n g  a  d i s p a t c h e r ,  
w i t h  o p e r a t i o n s  where c o a l  hau lage  i s  by 
b e l t  o n l y ,  and w i t h  o p e r a t i o n s  i n v o l v i n g  
low-coal and longwal l  mining. 

The f i r s t  s u g g e s t i o n  made by mine 
p e r s o n n e l  was t h a t  they  needed someone t o  
perform t h e  communications and i n f  orma- 
t i o n  c e n t e r  t a s k s  o f t e n  performed by t h e  
d i s p a t c h e r  i n  o t h e r  mines. P r e s e n t l y  
t h e y  have no way of r e l a y i n g  messages 
between, o r  i n t e r l i n k i n g ,  t h e  independent  
t e l e p h o n e  and c a r r i e r  phone systems. 
They a l s o  would l i k e  someone t o  moni tor  
b e l t  l i n e  s e n s o r s ,  from a  c e n t e r ,  i n  
o r d e r  t o  c o o r d i n a t e  t r o u b l e s h o o t i n g ,  
maintenance,  and r e p a i r  of a l l  b e l t  
l i n e s .  Thus, a  requirement  f o r  a  com- 
munica t ions  c e n t e r  o p e r a t o r  (communica- 
t i o n s  c o o r d i n a t o r )  would r e s o l v e  t h e  two 
immediate problems a s  w e l l  a s  many 
o t h e r s .  

Low c o a l  and longwal l  mining com- 
b i n e  i n  de te rmin ing  a  requirement  f o r  
f i x e d  communications t e r m i n a l s  t o  be 
c l o s e  t o  a l l  c l a s s e s  of foremen, and a  

requirement  f o r  p e r s o n a l  hands-of f  - 
o p e r a t i o n  r a d i o s  of i n s i g n i f i c a n t  weight 
and bulk.  Coord ina t ing  t h e  o p e r a t i o n  and 
and r e p a i r  of a  500-foot longwal l  miner 
i s  d i f f i c u l t ,  e s p e c i a l l y  i n  low coa l .  

Mine personne l  f e l t  t h a t  having 
no th ing  would be b e t t e r  t h a n  having a  
simpl-e r a d i o  pager  where a  s e c t i o n  f o r e -  
man might have t o  crawl  700 f e e t  t o  t h e  
n e a r e s t  phone t o  f i n d  o u t  t h a t  i t  r e a l l y  
wasn'lt t h a t  impor tan t .  I f  t h e  s e c t i o n  
foremen a r e  g i v e n  any th ing  f o r  mobile 
communications, i t  must be s m a l l ,  l i g h t ,  
and two-way. I n  t h i s  mine t h e y  would 
l i k e  t h e  s e c t i o n  foremen t o  be a b l e  t o  
eas i l ly  c o n t a c t  a  g e n e r a l  a s s i s t a n t  f o r e -  
man f o r  s u p p l i e s  and r e p a i r s .  The need 
f o r  s m a l l  p o r t a b l e  two-way communications 
i s  shown by t h e  c a s e  where someone a t  t h e  
mine,, on h i s  own i n i t i a t i v e ,  t r i e d  some 
two-way u n i t s  he  had borrowed from a  
l o c a l  h o s p i t a l .  

Communication Requirements--Based 
on Survey Ana lys i s  

An a n a l y s i s  of both  t h e  NO. 1 and 
t h e  NO. 2 Mine survey i n d i c a t e s  t h a t  t h e  
communications systems n o i s e  l e v e l s  were 
unaccep tab ly  h igh  and t h a t  communications 
c a p a b i l i t y  is  on t h e  ve rge  of becoming 
unaccep tab le .  Improved communication and 
improved mining o p e r a t i o n  would r e s u l t  
merel-y by improving t h e  s igna l - to -no i se  
r a t i o  of t h e  p r e s e n t  communications 
systems. 

S ince  t h e  c u r r e n t  phone t r a f f i c  
makes t h e  chance of g e t t i n g  a  busy s i g n a l  
between 350 and 450 t imes g r e a t e r  t h a n  
most i n d u s t r i e s  f i n d  a c c e p t a b l e ,  addi-  
t i o n a l  channel  c a p a c i t y  i s  needed t o  
reduce t h e  chance of b lock ing  t o  t h e  1% 
level- .  Although b lock ing  i s  s t i l l  
10 t imes  g r e a t e r  t h a n  i n d u s t r i a l  s t a n -  
d a r d s ,  i t  appears  t o  be a  reasonab le  
s e l e c t i o n  f o r  mine communications. 

Also,  from observ ing  t h e  mine opera- 
t i o n  and t a l k i n g  t o  v a r i o u s  pe rsonne l ,  i t  
appears  t h a t  s e c t i o n  foremen and s e l e c t  
longwal l  pe r sonne l  need some form of 
two-way w i r e l e s s  communication of minimum 
s i z e  and weight.  A l l  pe r sonne l  expressed  



a n e g a t i v e  a t  t i  tude toward any one-way 
t y p e  of communication. 

Fur thermore,  t h e  mine personne l  f e l t  
t h e y  needed a l o c a t i o n  where t h e  d a i l y  
p r o d u c t i o n  a c t i v i t y  could  be monitored.  
T h i s  l o c a t i o n  can evo lve  i n t o  a communi- 
c a t i o n  c e n t e r ,  s i n c e  a s  t h e  mine expands 
and  more v e h i c l e s  a r e  equipped w i t h  
t r o l l e y  c a r r i e r  phones,  a combination 
d i s p a t c h e r ,  c a l l  moni tor ,  and p r o d u c t i o n  
moni to r  c a n  be f i n a n c i a l l y  j u s t i f i e d .  

S p e c i f i c a l l y  f o r  t h e s e  mines,  t h e  
f o l l o w i n g  r e p r e s e n t s  a minimum f o r  f u t u r e  
communication requ i rements :  

a. Reasonable communication channel  
s igna l - to -no i se  r a t i o .  

b. At least f i v e  independent  v o i c e  
channe l s  t o  r e p l a c e  t h e  p r e s e n t  one 
channe l  . 

c. Smal l ,  l i g h t w e i g h t  w i r e l e s s  two- 
way communicator u n i t s  f o r  foremen and 
s e l e c t  personnel .  

d. A communication c e n t e r .  

A.4 Mine C 

Mine D e s c r i ~ t i o n  

Mine C has  been o p e r a t i o n a l  s i n c e  
1903 w i t h  p r o d u c t i o n  o r i g i n a l l y  e s t i m a t e d  
f o r  100 years .  Coal i s  being mined i n  
t h e  B and C seams, and t h e r e  i s  36 t o  
60 f e e t  of v e r t i c a l  d isplacement  between 
t h e s e  seams. The mine employs cont inuous  
mining t e c h n i q u e s ,  and personne l  e n t e r  
t h e  mine through a s l o p e  e n t r y .  Coal 
p r o d u c t i o n  i s  approximately  1 m i l l i o n  
t o n s  p e r  y e a r  and i s  removed by a com- 
b i n a t i o n  of b e l t  and hau lage  c a r s .  The 
B seam has  two a c t i v e  working s e c t i o n s ,  
and each  s e c t i o n  t r a n s f e r s  c o a l  from 
s h u t t l e  c a r s  t o  a s m a l l  f e e d e r  b e l t .  A 
l o n g e r  mother b e l t  t h e n  t a k e s  t h e  c o a l  
t o  a main l o a d e r  head. Th is  l o a d e r  head 
h a s  t h e  c a p a c i t y  f o r  18 c a r s ;  when 12 
cars are f i l l e d ,  t h e s e  cars are assembled 
i n t o  a 12-car t r a i n  240 f e e t  i n  l e n g t h  
f o r  main l i n e  haulage.  The C seam has  
o n l y  1 working s e c t i o n ,  and c o a l  i s  

t r a n s f e r r e d  by s h u t t l e  cars t o  a set of 
6 haulage c a r s ;  2 o f  t h e s e  combinations 
of 6 c a r s  a r e  a t t a c h e d  t o  make a 12-car 
t r a i n ,  which removes t h e  coal. from t h e  
mine . 

The B seam i s  c u r r e n t l y  1.7 m i l e s  
n o r t h  and s o u t h  by 3.2 m i l e s  e a s t  and 
wes t ;  t h e  C seam i s  0.35 m i l e  n o r t h  and 
s o u t h  by 0.45 m i l e  e a s t  and west. The 
overburden ranges  from 0 a t  t h e  s l o p e  
e n t r y  t o  2,000 f e e t .  A l l  t u n n e l s  a r e  
t y p i c a l l y  18 f e e t  wide. The average 
C seam t u n n e l  i s  9 f e e t  h i g h ,  and t h e  
t y p i c a l  B seam h e i g h t  is 15 f e e t .  S ince  
t h e  B seam has  c o a l  22 f e e t  t h i c k  i n  some 
p l a c e s ,  t h e  top  l e v e l  i s  mined f i r s t ;  
they  r e t u r n  t o  mine t h e  bottom c o a l  f o r  
maximum y i e l d .  Koof b o l t  l e n g t h  is  t y p i -  
c a l l y  6 f e e t  w i t h  v a r i a t i o n s  from 4 t o  
12 f e e t .  These b o l t s  a r e  p o s i t i o n e d  
on 5-foot c e n t e r s  i n  t h e  B seam and on 
&foo t  c e n t e r s  i n  t h e  C seam. 

The mine has  one boreho le  i n t o  t h e  
B seam, which w a s  used a t  one t i m e  f o r  a 
phone l i n e  and a n o t h e r  t ime f o r  pumping 
w a t e r  o u t  of t h e  mine. A second boreho le  
i n  t h e  C seam is  used t o  pump methane o u t  
of t h e  mine. 

C u r r e n t l y  t h e  mine has  two coal-  
producing s e c t i o n s  i n  t h e  B seam and one 
coa lp roduc ing  s e c t i o n  i n  t h e  C s e a m .  
Furthermore,  t h e  B seam h a s  one l a r g e  
c leanup  s e c t i o n  and two smaller c leanup  
o r  r e h a b i l i t a t i o n  s e c t i o n s .  A t y p i c a l  
working s e c t i o n  i s  320 f e e t  square .  The 
mine h a s  two produc t ion  s h i f t s  and one 
maintenance s h i f t ,  and t h e y  r u n  from 
8 a.m. t o  4 p.m., 4 p.m. t o  12 p.m., and 
12 p.m. t o  8 a.m. The mine has  71 men 
underground f o r  t h e  f i r s t  p roduc t ion  
s h i f t ,  55 men underground f o r  t h e  second 
produc t ion  s h i f t ,  and 45 men underground 
f o r  t h e  l a s t  o r  maintenance s h i f t .  

Mine personne l  t y p i c a l l y  r e q u i r e  
20 minutes  t o  g e t  from t h e  p o r t a l  t o  
t h e i r  working s e c t i o n s ,  and they  t a k e  
30 minutes  f o r  lunch some t ime between 
11 a.m. and 1 p.m. These lunch p e r i o d s  
a r e  s t a g g e r e d  between working s e c t i o n s .  
On t h e  B seam t h e  work c y c l e  s t a r t s  w i t h  
t h e  cont inuous  miner c u t t i n g  c o a l  and 



f i l l i n g  a s h u t t l e  car .  When t h e  s h u t t l e  
c a r  i s  f u l l ,  t h e  d r i v e r  t r a n s f e r s  t h e  
c o a l  load  t o  one of t h e  36-inch 550-fpm 
b e l t s  run t o  t h e  s ec t i on .  The b e l t s  then  
remove t h e  c o a l  t o  t h e  south  l oade r  head, 
where i t  i s  loaded i n t o  c a r s  t h a t  w i l l  
make up t h e  main l i n e  haulage t r a i n .  The 
s h u t t l e  c a r  round t r i p  takes  approxi- 
mately 7 minutes t o  complete a work cyc le  
on t h e  B seam. Except f o r  t h e  s h u t t l e  
c a r s  dumping d i r e c t l y  i n t o  haulage c a r s ,  
t h e  C seam has t h e  same type  of work 
cycle .  Furthermore, t h e  C seam has no 
b e l t  haulage and uses  t racked  haulage f o r  
c o a l  removal. 

Mine Equi~ment  and Power 

Three s u r f a c e  s u b s t a t i o n s  convert  
44,000 v o l t s  three-phase t o  4,160 v o l t s  
three-phase,  t h e  4,160 v o l t s  i s  c a r r i e d  
underground t o  var ious  440-volt-ac and 
275- t o  3 0 0 ~ o l t - d c  power s t a t i o n s .  

A t  t h e  working s e c t i o n s ,  t h e  s h u t t l e  
c a r s  a r e  powered e i t h e r  by 440 v o l t s  a c  
o r  275 t o  300 v o l t s  dc;  t h e  continuous 
miner i s  powered by 440 v o l t s  ac ,  and t h e  
roof b o l t i n g  machines a r e  powered by 275 
t o  300 v o l t s  dc. The dc vo l tage  can be 
ob ta ined  by e i t h e r  a t r o l l e y  n i p  p o i n t  o r  
a n  ac-dc l oad  cen t e r .  

A l l  t r o l l e y s  a r e  powered by a 275- 
t o  3 0 0 ~ o l t - d c  t r o l l e y  l i n e ,  which i s  a 
common r i n g  bus f e d  by 300-kW r e c t i -  
f i e r s  and two 500-kW r e c t i f i e r s .  The 
q u a n t i t y  and type  of t r o l l e y s  o r  veh i c l e s  
fol low: 

Mechanics ' jeeps--2 

P re sen t  Mine Comnunications 

This  mine u t i l i z e s  a combination of 
loudspeaking paging phones, d i a l  tele- 
phones, and 88-kHz vehicle-mounted ca r -  
rier phones. The c a r r i e r  phone system i s  
t i e d  e l e c t r i c a l l y  t o  t h e  loudspeaking 

paging phones by a t r o l l e y  coupler .  This 
type  a p p l i c a t i o n  should no t  be used wi th  
i n t r i n s i c a l l v  s a f e   hones. To improve - - 
communication coverage, a u x i l i a r y  speak- 
e r s  a r e  sometimes used with t h e  loud- 
speaking paging phones. The fo l lowing  
t a b u l a t i o n  shows t h e  number of phones and 
t h e i r  gene ra l  l oca t ion :  

- - 

Phone type  

D ia l  
te lephone. . .  

Loudspeaking 
pager phone. 

C a r r i e r  phone -- 

* 

B 
seam - 

12 

5 
1 

- 
C 

seam - 
1 

1 
0 - 

- 
Sur- 
f  a ce  - 

16 

1 
1 - 

- - 
Stor-  

age 

0 

1 
0 

Vehi- 
c l e  

0 

0 
17 

In  genera l ,  v e h i c l e  ope ra to r s  and 
supe.rvisory personnel  use t h e  t r o l l e y  
c a r r i e r  phones, and mine s e c t i o n  foremen, 
maintenance personnel ,  and superv isory  
personnel  use  t h e  d i a l  te lephones and 
page,r phones. 

Dial, Telephone Sys tem 

The mine has  purchased from t h e  t e l -  
ephone company d i a l  t e lephones ,  te lephone 
environmental enc losu re s ,  a s soc i a t ed  
PABX, and 25-pair te lephone cab le  wi th  
wi re  s i z e  No. 19. A l l  underground t e l e -  
phone equipment and wire  was i n s t a l l e d  by 
mine personnel  and has  been i n  s e r v i c e  
f o r  t h e  l a s t  10 years .  Standard d i a l  
te lephones a r e  mounted i n  environmental 
enc losures .  

The b igges t  problem t h e  mine has  had 
w i t h  t h e  d i a l  te lephones was dus t  and 
moisture  g e t t i n g  i n t o  t h e  d i a l  mechanism. 
This; was understandable  s i n c e  i t  was 
found t h a t  t h e  ma jo r i t y  of t h e  under- 
ground te lephone enc losu re s  had been l e f t  
wide open and were l i b e r a l l y  rock dusted.  
Of t h e  e i g h t  underground te lephones 
chec:ked, seven were i n  good working o rde r  
and one had rock dus t  i n  i t s  d i a l  mechan- 
i s m  con tac t s .  Another problem, no t  
r e l a ~ t e d  d i r e c t l y  t o  t h e  te lephone equip- 
ment:, was t h a t  of a c o u s t i c  n o i s e  from 
mine machinery. For example, a te lephone 
i s  r equ i r ed  nea r  t h e  3d south  loader  
head, and mine personnel  f i n d  comnunica- 
t i o n  d i f f i c u l t  when t h e  l oade r  head i s  
i n  opera t ion .  Mine o f f i c i a l s  have 



cons idered  b u i l d i n g  a  te lephone enc lo su re  
t h a t  w i l l  s h i e l d  t h i s  te lephone from 
e x t e r n a l  a c o u s t i c  no ise .  

Other  t h a n  l eav ing  t h e  door t o  t h e  
environmental  enc lo su re s  open, t h e  mine 
personne l  appeared t o  o p e r a t e  t h e  t e l e -  
phone system proper ly .  The te lephone  was 
mostly used t o  c a l l  from underground s t a -  
t i o n s  t o  s u r f a c e  s t a t i o n s  o r  c a l l  o u t  of 
t h e  mine. Most c a l l s  were f o r  s u p p l i e s ,  
maintenance, and l o c a t i o n  of personnel .  
Th i s  t e lephone  system was a l s o  used a s  a  
backup system when commnica t ions  were 
bad. For example, once personne l  were 
con t ac t ed  u s i n g  t h e  t r o l l e y  c a r r i e r  phone 
o r  pager  phone and extended conve r sa t i on  
was needed, t h e  person would be 
i n s t r u c t e d  t o  go t o  t h e  n e a r e s t  d i a l  
e x t e n s i o n  te lephone  and r e e s t a b l i s h  con- 
t a c t  t o  complete t h e  comrmnication. 

Over t h e  h i s t o r y  of t h e  mine, only 
one major emergency has  occur red ,  a  
d e s t r u c t i v e  f i r e .  This  f i r e  des t royed  
t h e  te lephone  cab l e ,  and t h e  underground 
d i a l  t e lephone  system could no t  be used 
f o r  emergency personnel  evacuat ion.  This  
p o i n t s  ou t  t h e  b a s i c  weakness t h a t  t e l e -  
phone systems wi thout  loopback pa ths  have 
d u r i n g  a  r e a l  d i s a s t e r  s i t u a t i o n ,  

Loudspeaking Paging Phone--Carrier Phone 
System 

C a r r i e r  phones i n s t a l l e d  a t  t h e  mine 
i n c l u d e  s i x  10-year-old u n i t s  and t h i r -  
t e e n  14-month-old u n i t s ,  a l l  w i t h  88-kHz 
c e n t e r  frequency. The mine personne l  
p l a n  t o  r e p l a c e  t h e  o l d e r  c a r r i e r  models 
w i t h  new models i n  t h e  nea r  f u t u r e .  The 
c a r r i e r  phone t o  paging phone couple r  (an  
a p p l i c a t i o n  t h a t  cannot be used w i th  an 
i n t r i n s i c a l l y  s a f e  phone system) i s  of 
s t a n d a r d  manufacture,  and a u x i l i a r y  
speake r s  a r e  used w i t h  t h e  paging phones 
where t h e  need a r i s e s .  The loudspeaking 
paging phones communicate through a  p a i r  
of  w i r e s  from t h e  25-pair t e lephone  
c a b l e ,  and t h e  c a r r i e r  phones u se  t h e  dc  
t r o l l e y  wires f o r  t h e i r  s i g n a l  paths .  

With t h e  except ion  of s e r v i c e  prob- 
lems wi th  t h e  o l d e r  c a r r i e r  phones, a l l  
c a r r i e r  and paging phones a r e  of good 

q u a l i t y ,  a r e  ho ld ing  up we l l ,  and a r e  
apparen t ly  being proper ly  used by working 
personnel .  However, t h e r e  is  a  problem 
a s s o c i a t e d  wi th  t h e  c a r r i e r  phones com- 
municating from c e r t a i n  dead zones i n  t h e  
mine t o  t h e  su r f ace .  Another problem 
wi th  t h e  c a r r i e r  phones was t h a t  t h e  
b a t t e r y  had t o  be s e r v i c e d  every 30 days 
and mine personne l  s a i d  t h i s  was excess-  
ive .  Also, t h e  mine o f f i c i a l s  i n d i c a t e d  
t h a t  t h e  r i n g f e d  t r o l l e y  r e c t i f i e r s  added 
r e c e i v e r  no i s e  and t h a t  a d d i t i o n a l  rec-  
t i f i e r  l i n e  f i l t e r i n g  helped but d i d  . 
not  e l i m i n a t e  t h e  l o c a l  problem when 
t h e  t r o l l e y  was near  t h e  r e c t i f i e r  
s t a t i o n s .  

Ex t e rna l  aud io  no i s e  and r e p l a c i n g  
t h e  i n t e r n a l  b a t t e r y  approximately every 
90 days were t h e  most annoying problems 
a s s o c i a t e d  w i th  t he  loudspeaking paging 
phones. 

Although t h e  two systems a r e  e l e c -  
t r i c a l l y  t i e d  t o g e t h e r ,  t h e  loudspeaking 
paging phone was p r imar i l y  used t o  reach  
t h e  working s e c t i o n  and t h e  c a r r i e r  phone 
was used f o r  r i g h t  of way, p l ac ing  loads  
and empties ,  personnel  l o c a t i o n ,  and 
r eques t i ng  supp l i e s .  When t h e  t r o l l e y -  
mounted c a r r i e r  phone was used f o r  s e l f -  
t r a f f i c  c o n t r o l ,  t h e  ope ra to r  would twice  
g ive  h i s  l o c a t i o n  and d e s t i n a t i o n  and 
t hen  proceed t o  h i s  f i n a l  d e s t i n a t i o n .  
Although t h i s  method of t r a f f i c  c o n t r o l  
worked f o r  t h i s  mine, an  improvement 
could be s e e n  u s i n g  a  d i spa t che r .  

Tape record ings  f o r  a  f i r s t  8-hour 
work s h i f t  survey show t h a t  t h e  most f r e -  
quent c a l l  made was concerned w i th  r i g h t  
of way. Also, i t  was noted t h a t  ou t  of 
t h e  t o t a l  296 c a l l s  on t h e  t r o l l e y  and 
pager system, only 8  were on t h e  pager. 
By l i s t e n i n g  t o  t a p e  record ings  of both 
t h e  pager and t h e  c a r r i e r  phone s imul ta -  
neously,  i t  w a s  d iscovered t h a t  78 c a l l s  
ou t  of t h e  296 were no t  heard  on t h e  ou t -  
s i d e  t r o l l e y  c a r r i e r  phone. It was a l s o  
found t h a t  t h e  t rol ley- to-pager  hookup 
f a i l e d  on 12 occasions.  The a c t u a l  f a i l -  
u r e  of t h e  couple r  t o  f u n c t i o n  on some 
s i g n a l s  and t h e  propagat ion dead zones 
were major problems a s s o c i a t e d  w i t h  t h i s  
system. 



During t h e  f i r e  p rev ious ly  men- 
t i o n e d ,  t h e  c a r r i e r  phones were t h e  only 
commnica t ion  t h a t  worked through t h e  
evacuat ion.  The te lephone  w i r e  was 
fu sed ,  and commnica t ion  was no t  p o s s i b l e  
u s i n g  t h e  d i a l  system. However, t h e  ca r -  
r i e r  phones could and d i d  ope ra t e ,  u s i n g  
t h e i r  i n t e r n a l  b a t t e r i e s ,  through t h e  
f i r e .  Although t h e  loudspeaking phones 
were n o t  i n  widespread s e r v i c e  at  t h e  
t i m e  of t h e  f i r e ,  t h e i r  l i n e  would have 
a l s o  been fused ,  making them i n o p e r a t i v e  
i f  and when needed. 

Comrmnications Requirements--User's - 
Viewpoint 

Mine personne l  i n d i c a t e d  t h a t  t h e  
most u rgen t  commnica t ion  requirement was 
t h e  e l i m i n a t i o n  of dead zones i n  t h e i r  
t r o l l e y  c a r r i e r  phone system. 

Communication between t h e  s h u t t l e  
c a r s  and from t h e  s h u t t l e  c a r s  t o  t h e  
cont inuous miner was a l s o  thought  t o  be 
u s e f u l .  However, t h e r e  was appa ren t l y  no 
g r e a t  need o r  requirement f o r  t h i s  t ype  
of comrmnication. 

P o r t a b l e  two-way w i r e l e s s  commnica- 
t i o n  f o r  t h e  maintenance foreman, f i r e  
boss ,  miners on t h e  weekend i n s p e c t i o n ,  
and working s e c t i o n  foreman was no ted  a s  
a p o s s i b l e  requirement.  I f  p o r t a b l e  two- 
way w i r e l e s s  equipment c o s t s  were h igh ,  
t h e  maintenance foreman, rov ing  super-  
v i s o r s ,  and key personnel  could u se  a 
one-way pager. However, mine personnel  
d i d  n o t  cons ider  equipping a working sec-  
t i o n  w i t h  a one-way pager s i n c e  a working 
s e c t i o n  foreman mostly communicates 
o u t  from h i s  l o c a t i o n  and i s  seldom 
c a l l e d  from o t h e r  s e c t i o n s  o r  s u r f a c e  
l o c a t i o n s .  

A requirement e x i s t e d  f o r  b a t t e r y -  
opera ted  p o r t a b l e  emergency commnica- 
t i o n s  t h a t  could be moved w i th  t h e  miners 
a s  t h e  working s e c t i o n  moved. This  
requirement became ev iden t  du r ing  t h e  
f i r e ,  when i t  would have been u s e f u l  dur- 
i n g  t h e  emergency and recovery e f f o r t s .  
Also no ted  was t h e  f a c t  t h a t  i f  t h e  num- 
b e r  of working s e c t i o n s  increased ,  

t h e  mine may economically j u s t i f y  a 
dispa. tcher .  

Communication Requirements--Based 
on Su.rvey Analys i s  -- 

This  mine i s  unique i n  t h a t  i t  has  a 
d i a l  t e lephone  system, a pager system, 
and a c a r r i e r  phone system. The mine, a s  
configured,  has  no need f o r  a d d i t i o n a l  
channels ,  p r i v a t e  channels ,  o r  t h e  capa- 
b i l i t y  t o  i n t e r connec t  t o  t h e  p u b l i c  
phone s i n c e  t h e  d i a l  t e lephone  has  a l l  
t h e s e  c a p a b i l i t i e s .  

From t h e  t r a f f i c  d e n s i t y  seen  on t h e  
pager phone and t r o l l e y  c a r r i e r  phone 
system, only two a d d i t i o n a l  channels can 
be j u s t i f i e d  t o  g e t  t h e  p r o b a b i l i t y  of 
blocking t o  t h e  1% l e v e l .  However, only 
3% of t h i s  communications i s  from t h e  
pager phone system, and t h e  v e h i c l e  com- 
munication system must be s ingle-channel  
ope ra t i on  f o r  s a f e t y  reasons.  Therefgre ,  
t h e r e  e x i s t s  no j u s t i f i c a t i o n  f o r  add i -  
t i o n a l  channels  f o r  t h e  pager phone. 
Using; t h i s  a n a l y s i s  and t h e  needs gener- 
a t e d  by t h e  mine personnel ,  t h e  fo l l owing  
l i s t  was developed t o  r ep re sen t  commni- 
c a t i o n  requirements  f o r  t h i s  mine. 

a. R e l i a b l e  two-way v e h i c l e  
commnicat ion.  

b. A d i s p a t c h e r  wi th  commnica t ion  
c e n t e r  i f  t h e  mine i n c r e a s e s  apprec iab ly  
i n  s i z e .  

c. Po r t ab l e  two-way w i r e l e s s  com- 
munic.ation f o r  working s e c t i o n  foreman, 
maintenance foreman, and key personnel.  

d. Po r t ab l e  bat tery-operated com- 
munic.ation equipment f o r  mine-to-surf a r e  
cmerglency two-way commnication. 

A.5 Mine D 

Mine Desc r ip t i on  

Mine D was opened i n  1892. Even 
though t h e  mine i s  o l d ,  they a r e  s t i l l  
developing i n  some a r ea s .  A t  p r e sen t  
they  have e i g h t  s e c t i o n s  on development 



and f i v e  on r e t r e a t .  It i s  es t imated  
t h a t  t h e r e  a r e  15 yea r s  of mining l e f t .  

The mine i s  en t e r ed  through one of 
two d r i f t  mouths. A v e r t i c a l  s h a f t  i s  
a v a i l a b l e  but  i s  seldom used. The mine 
produces approximately 4,500 tons  of c o a l  
a day by t h e  convent ional ,  cont inuous,  
and longwall  mining methods i n  t h e  f o l -  
lowing percentages:  

F i r s t  s h i f t :  
Conventional................ 18 
Continuous.................. 35 
Longwall.................... 10 

Other shifts. . . . . . . . . . . . . . . . . .  37 - 
Total.................... 100 

The c o a l  i s  removed from t h e  mine by 
t r a c k  t o  t h e  c l ean ing  p l a n t  about 2 mi l e s  
from t h e  mine. The mine has  an  annual  
p roduct ion  of about 1,300,000 tons.  

The mine i s  7 mi l e s  by 5 mi l e s  and 
has  overburden from 300 f e e t  t o  800 f e e t .  
A l l  haulage tunne ls  a r e  a t  l e a s t  6 f e e t  
high by 1 8 f e e t .  There i s  n o a v e r a g e  
s i z e  f o r  a working s e c t i o n ;  some a r e  a s  
much a s  3,000 f e e t  i n  length.  This  
r e q u i r e s  t h a t  c o a l  be removed from t h e  
working f a c e  t o  t h e  t r a c k  by b e l t .  The 
b e l t  i s  36 inches  i n  width,  and t h e  mine 
has  approximately 25,000 f e e t  of b e l t .  
I f  t h e  d i s t a n c e  i s  s h o r t  ( l e s s  than  
500 f e e t ) ,  i t  i s  p o s s i b l e  t o  dump c o a l  
from t h e  s h u t t l e  c a r  d i r e c t l y  i n t o  t h e  
c o a l  car .  

E ight  37-ton locomotives a r e  used t o  
remove t h e  coal .  The mine has 30 mi les  
of t r a c k  underground a t  p resen t .  Eight  
boreholes  a r e  used t o  provide access  f o r  
13,800-volt-ac,  three-phase,  c ab l e s  t o  
t h e  mine. Roof c o n t r o l  i s  obta ined  by 
t h e  u se  of roof b o l t s  ranging  i n  l e n g t h  
from 42 inches  t o  8 o r  9 f e e t .  

Owing t o  t h e  amount of t r a c k  and 
l ayou t  of t h e  mine, i t  i s  necessary t o  
have two d i spa t che r s .  This  mine i s  a l s o  
engaged i n  s t r i p  mining a t  var ious  loca-  
t i o n s  d i r e c t l y  above t h e  mine. This  c o a l  

i s  taken t o  t h e  same c lean ing  p l a n t  a s  is  
t h e  c o a l  mined underground. This 
r e q u i r e s  t h a t  d i spa t che r  1 d i spa t ch  
r igh t -of -way o u t s i d e  a s  w e l l  a s  
underground. 

The mine employs a t o t a l  of 675 men 
and works t h r e e  8-hour s h i f t s  each day, 
wi th  t h e  major product ion done on t h e  
f i r s t  s h i f t .  The s t a r t  and end of each 
s h i f t  and t h e  t o t a l  men working fol low: 

F i r s t  s h i f t :  6:45a.m. t o  3p.m.-- 
308 men 

Second s h i f t :  3:30 p.m. t o  
11:45 p.m.--216 men 

Third s h i f t :  12:15 a.m. t o  
8:30 a.m.--151 men 

Mine Equipment and Power 

Power i s  provided by t h e  power com- 
pany a t  138,000 v o l t s  ac. This  i s  then  
s tepped down t o  13,800 v o l t s  a c  and d i s -  
t r i b u t e d  t o  e i g h t  boreholes ,  where i t  i s  
taken underground. A t  some poin t  under- 
ground i t  is  converted t o  250 v o l t s  dc, 
550 v o l t s  dc, o r  440 v o l t s  a c  th ree-  
phase,  depending on t h e  equipment being 
used on t h e  s e c t i o n  and l o c a t i o n  i n  t h e  
mine. One of t h e  reasons f o r  t h i s  is  
t h a t  from t h e  o u t s i d e  t o  d i s p a t c h e r  2, 
t h e  mine uses  550 v o l t s  dc on t h e  
t r o l l e y .  Then branching out  from d i s -  
pa tcher  2, t h e  mine uses  250 v o l t s  dc on 
t h e  t r o l l e y .  The 440 v o l t s  a c  i s  used i n  
both a reas .  

The power provided t o  s e c t i o n s  var- 
ies according t o  t h e  type  of equipment 
used. There a r e  cases  where, on t h e  same 
s e c t i o n ,  250 v o l t s  dc  o r  550 v o l t s  dc 
must be provided f o r  t h e  s h u t t l e  c a r s ,  
and 440 v o l t s  a c  provided f o r  t h e  miner. 
Both longwalls r e q u i r e  440 v o l t s  ac ,  a s  
do some of t h e  newer continuous miners. 
There a r e  a l s o  battery-powered scoops on 
some sec t ions .  They a r e  used f o r  c lean-  
i n g  t h e  s e c t i o n  and hau l ing  supp l i e s .  



The mine a t  p r e s e n t  u s e s  t h e  fol low- 
i n g  equipment: 

Continuous miners--8 

Loading machines--5 

Longwalls ( 1  plow, 1  shear)--2 

C u t t i n g  machines--3 

S h u t t l e  cars--29 

P r e s e n t  Mine Communications 

A t  p r e s e n t ,  t h e  mine communication 
sys tem c o n s i s t s  of a  magnetophone system,  
c a r r i e r  phone system,  and loudspeaking 
phones. 

The loudspeaking phones a r e  used 
o n l y  on t h e  longwal l s .  C a r r i e r  phones 
a r e  p laced  on most of t h e  t r a c k  v e h i c l e s .  
A t  t h e  c l e a n i n g  p l a n t  a  60-watt a m p l i f i e r  
i s  used a s  a  p u b l i c  a d d r e s s  system c a l l -  
i n g  14 s t a t i o n s ,  each of which has  a  
microphone and speaker .  

Each d i s p a t c h e r  i s  r e s p o n s i b l e  f o r  
c a r r i e r  phone and magnetophone c o n t r o l  i n  
h i s  a r e a  of t h e  mine. The two d i s p a t c h -  
e r s  must c o n s u l t  w i t h  each  o t h e r  when 
r o u t i n g  t r a f f i c  toward e a c h  o t h e r .  Typi- 
c a l l y ,  t h e  t e l e p h o n e  network having d i s -  
p a t c h e r  2  a s  i t s  c o n t r o l  p o i n t  has  
h e a v i e r  t r a f f i c  of a  more v a r i e d  n a t u r e  
t h a n  t h a t  of d i s p a t c h e r  1. 

During t h e  b u s i e s t  p e r i o d  of t h e  
s h i f t ,  t h e  f o u r t h  hour ,  t h e  b u s i e r  t r u n k  
was used 70% of t h e  t ime. Th is  t h r e e -  
channe l  t r a f f i c  i n t e n s i t y  i m p l i e s  t h a t  
t h e r e  i s  a  30% chance of g e t t i n g  a  busy 
s i g n a l  on any g i v e n  c a l l .  Th i s  is  con- 
s i d e r a b l y  worse t h a n  t h e  one chance i n  a  
thousand of commercial t e l ephone  s t a n -  
d a r d s .  A s ix -channe l  network would be 
r e q u i r e d  t o  b r i n g  t h e  system t o  commer- 
c i a l  s t a n d a r d s .  

There  have been no major emergencies  
a t  t h e  mine t o  t e s t  t h e  e x i s t i n g  system. 
It i s  p o s s i b l e  t h a t  a  roof f a l l  could  
b reak  t h e  phone l i n e  and c u t  o f f  communi- 
c a t i o n s  t o  t h e  o u t s i d e  f o r  some a r e a s  of 

t h e  mine. I n  t h e  c a s e  of an  a c c i d e n t  t h e  
s e c t i o n  n o t i f i e s  t h e  d i s p a t c h e r ,  who 
i n  t:urn c a l l s  mine management on t h e  
outsi.de. 

Telephone Sys tem 

The mine has  77 magneto t e l e p h o n e s ,  
60 of which a r e  underground. These 
phones a r e  approximately  30 y e a r s  o ld .  
They u s e  s imple  t w i s t e d - p a i r ,  No. 14 w i r e  
f o r  t h e  phone c i r c u i t .  

The phones a r e  u s u a l l y  mounted on 
wood t h a t  i s  connected,  i n  some manner, 
t o  t h e  r o o f .  They a r e  placed a t  loca-  
t i o n s  a long  t h e  main haulage.  Phones on 
t h e  s e c t i o n  a r e  l o c a t e d  a t  t h e  head and 
t a i l p i e c e  of t h e  b e l t .  These phones a r e  
n o t  p e r m i s s i b l e .  

The d i s p a t c h e r s  a r e  t h e  h e a r t  of t h e  
phone system. Dispa tcher  1  i s  respon- 
s i b l e  f o r  t h e  o u t s i d e  phones and f o r  
underground phones 1  t o  20. Dispa tcher  2  
has  phones 20 t o  60. I f  a  person wished 
t o  call1 o u t s i d e  from say phone 57, he 
would. have t o  r i n g  d i s p a t c h e r  2. D i s -  
patchler 2  would t h e n  c a l l  d i s p a t c h e r  1 ,  
who would r i n g  o u t s i d e ,  t h e n  connect t h e  
l i n e s .  

S ince  t h e  phones a r e  a  r i n g e r  t y p e ,  
each  s t a t i o n  must have a  c e r t a i n  r i n g .  
It sh~ould  be k e p t  i n  mind t h a t  t h e  c i r -  
c u i t s  f o r  t h e  two d i s p a t c h e r s  a r e  sepa- 
r a t e d .  There fore ,  each  d i s p a t c h e r  could  
u s e  t h e  same r i n g  combinat ions .  

Recordings and cor responding  analy-  
sis of t h e  t r a f f i c  on t h e  phone system 
shows t h a t  t h e r e  a r e  p e r i o d s  when t h e  
system i s  used 70% of t h e  t ime and t h a t  
t h e  sys tem i s  over loaded a t  t imes .  

T r o l l e y  C a r r i e r  Phone System 

The c a r r i e r  phones a r e  mounted on 
most of t h e  t r a c k  v e h i c l e s .  The f a c t  
t h a t  t h e  mine u s e s  250 v o l t s  dc  and 
550 v o l t s  dc on t h e  t r o l l e y  r e q u i r e s  t h e  
use  of two d i f f e r e n t  c a r r i e r  phones. 
They have twelve 250-volt ,  163-kHz 
t r o l l e y  phones and twenty-eight  550- 
v o l t ,  100-kHz phones. Both tube and 



t r a n s i s t o r i z e d  v e r s i o n s  a r e  used. The 
t u b e  t y p e  i s  20 y e a r s  o l d ,  and t h e  t r a n -  
s i s t o r i z e d  type  i s  12 y e a r s  o ld .  The 
t r a n s i s t o r i z e d  u n i t s  a r e  equipped w i t h  a 
12-vol t  b a t t e r y ,  s o  t h a t  they  w i l l  s t i l l  
o p e r a t e  shou ld  t h e  power i n  t h e  mine go 
o f f .  

Pager Phones 

Pager phones a r e  used on t h e  long- 
w a l l s  and on t h e  o u t s i d e  of the  mine. 
The pager  phones a r e  mounted on J-hooks 
f rom t h e  roof s u p p o r t  j acks .  Wires a r e  
hung from t h e  roof s u p p o r t s  f o r  t h e  
phones. Rocks f a l l i n g  between t h e  j a c k s  
have caused t h e  l i n e  t o  b r e a k ,  caus ing  a 
p o t e n t i a l  s a f e t y  hazard  due t o  i n t e r -  
r u p t e d  communication. The reason  f o r  
t h i s  i s  t h e r e  i s  no way of h e a r i n g  a r i n g  
on  t h e  pager  system. There a r e  10 pagers  
on t h e  plow and 5 on t h e  shear .  The 
phones a r e  10 y e a r s  o ld .  The mine per- 
s o n n e l  f e l t  t h a t  t h e  phones were m i s -  
t r e a t e d  by man and environment ,  and t h a t  
was t h e  r e a s o n  f o r  f a i l u r e s .  

Fan Moni tors  

The s i z e  of t h e  mines r e q u i r e s  t h a t  
t h e  f a n s  be l o c a t e d  a t  g r e a t  d i s t a n c e s  
f rom t h e  maintenance shop. The f a n s  a r e  
moni tored by send ing  a s i g n a l  over  t h e  
h igh-vo l tage  l i n e s ,  which is monitored a t  
t h e  o u t s i d e  shop. The f i v e  f r e q u e n c i e s  
used  (one f o r  e a c h  f a n )  a r e  39,  116, 47 ,  
61 ,  and 33 kHz. 

Communication Requirements--User ' s 
Viewpoint 

The phone system performed very 
w e l l  c o n s i d e r i n g  i t s  age. However, t h e  
changes  i n  humidi ty  caused some problems. 
There  was a l s o  a problem w i t h  having t o  
walk l o n g  d i s t a n c e s .  The phones a r e  n o t  
p e r m i s s i b l e ;  t h i s  l i m i t s  how c l o s e  t o  t h e  
working f a c e  t h e y  can  be p l a c e d  and o f t e n  
r e q u i r e s  t h a t  a n  i n d i v i d u a l  walk a s  much 
a s  500 f e e t  t o  r e a c h  one. 

Mine p e r s o n n e l  f e l t  t h a t  w i r e l e s s  
communications of some t y p e  would be of 
h e l p  on a s e c t i o n .  The foreman and t h e  
mechanic a r e  t h e  two most sought  a f t e r  

i n d i v i d u a l s  on t h e  s e c t i o n .  The mine 
personne l  were of t h e  o p i n i o n  t h a t  com- 
municat ions  t o  t h o s e  two men would be 
d e s i r a b l e .  

The maintenance foreman and mas te r  
mechanic f e l t  t h a t  p o r t a b l e  two-way com- 
municat ions  would d e c r e a s e  t h e  time 
needed t o  l o c a t e  them. P o r t a b l e  communi- 
c a t i o n s  a r e  a l s o  d e s i r e d  f o r  t h e  super-  
v i s o r y  personne l  ( s u p e r i n t e n d e n t ,  mine 
foremen, and maintenance foremen).  A t  
t h e  same t ime a p r i v a t e  l i n e  was 
r e q u e s t e d  f o r  t h e  phone system f o r  super-  
v i s o r y  personnel .  

The s a f e t y  depar tment  pe rsonne l  sug- 
g e s t e d  t h a t  remote moni to r ing  of t h e  mine 
c o n d i t i o n s  would h e l p  i n c r e a s e  s a f e t y  f o r  
t h e  e n t i r e  mine. It was sugges ted  t h a t  a 
p r i v a t e  channel  d i r e c t l y  t o  t h e  o u t s i d e  
f o r  emergency u s e  would d e c r e a s e  t h e  t ime 
r e q u i r e d  t o  g e t  h e l p  from t h e  o u t s i d e .  
This  p r i v a t e  channel  would a l s o  i n s u r e  
t h a t  t h e  occur rence  of an  a c c i d e n t  would 
not  be heard  by men on o t h e r  s e c t i o n s .  

There should be a s e c u r e  channel  
open a t  a l l  t i m e s ,  from any phone under- 
ground, t o  some c e n t r a l  communications 
c e n t e r  aboveground. It i s  no t  necessa ry  
t h a t  t h i s  l i n e  be connected t o  t h e  com- 
m e r c i a l  phone system. S ince  t h e .  mine 
management a r e  t h e  f i r s t  t o  be n o t i f i e d  
i n  c a s e  of a n  emergency, they  i n  t u r n  can 
c a l l  whomever i s  needed. I n  a mine t h i s  
s i z e  t h e  t ime saved by p l a c i n g  t h e  c a l l  
from underground t o  t h e  commercial system 
f o r  a s s i s t a n c e ,  t h e n  n o t i f y i n g  manage- 
ment, would be of l i t t l e  he lp .  

Communications Reauirements--Based 
on Survey Ana lys i s  

Th is  mine has  some communication 
problems t h a t  are r e l a t e d  on ly  t o  t h e  
extreme age of t h e  equipment used. How- 
e v e r ,  problems due t o  t h e  l a r g e  s i z e  of 
t h e  mine may be t y p i c a l  of o t h e r  l a r g e  
mines. 

Signal- to-noise  r a t i o  (SNR) c a u s e s  
problems when t a l k i n g  g r e a t  d i s t a n c e s  ( 5  
t o  10 m i l e s ) .  A new system must s t a r t  
by improving SNR on long-d i s tance  
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r a t i o n s ,  which may be t y p i c a l  of 
l a r g e  mines. 

An a n a l y s i s  of t h e  t e lephone  t r a f f i c  
d e n s i t y  i n d i c a t e s  t h a t  t h r e e  more chan- 
n e l s  ( t o t a l  s i x  c h a n n e l s )  would make t h e  
sys tem comparable t o  a n  e s t i m a t e d  mine 
s t a n d a r d  of 1 i n  a 100 chances  of g e t t i n g  
a busy s i g n a l .  

A d i a l  sys tem i s  recommended f o r  
t h i s  mine. A m u l t i p a i r  o r  m u l t i p l e x  
sys tem would h e l p  t o  l e s s e n  t h e  l o a d  of 
t h e  d i s p a t c h e r  and cou ld  a l s o  p rov ide  t h e  
c a p a b i l i t y  f o r  confe rence  c a l l s .  These 
systems a l s o  p r o v i d e  t h e  channel  p r i v a c y  
r e q u e s t e d  by mine management, For s a f e t y  
r e a s o n s ,  t h e  t r o l l e y  c a r r i e r  phone system 
shou ld  remain one channel .  

Using t h e  above a n a l y s i s  and t h e  
s u g g e s t i o n s  of mine management, t h e  f o l -  
lowing l i s t  of improvements was d e r i v e d :  

a. R e l i a b l e  two-way v e h i c l e  system. 

b. A t o t a l  of a t  l e a s t  s i x  channe l s  
t o  meet minimum s t a n d a r d s .  

c .  A t  l e a s t  one s e c u r e  channel.  

d. P o r t a b l e  two-way w i r e l e s s  com- 
munica t ions  f o r  c e r t a i n  key personne l ,  

e .  Ba t te ry -opera ted  communications 
equipment t h a t  w i l l  work d u r i n g  a n  
emergency, 

f .  A communications c e n t e r  l o c a t e d  
a t  d i s p a t c h e r .  

A . 6  Mine E 

Mine D e s c r i p t i o n  

Mine E has  a d r i f t  e n t r y  i n  a 5.5- 
f o o t  s o f t  c o a l  seam. The working sec- 
t i o n s  a r e  p r e s e n t l y  3.5 m i l e s  i n  from t h e  
e n t r a n c e ,  w i t h  t h e  p o s s i b i l i t y  of eventu-  
a l l y  working a t  twice  t h i s  d i s t a n c e .  
Mining a t  t h e  p r e s e n t  r a t e  g i v e s  t h e  mine 
a l i f e  of from 30 t o  40 years .  The mine 
o p e r a t e s  two longwal l s  about  500 f e e t  
wide and w i l l  t r a v e l  a range of 
3 ,500 f e e t .  New t o  mining i n  t h i s  a r e a  

i s  t h e  " s t a l l  machine" used a t  t h e  t a i l  
end of t h e  plow longwal l  t o  g i v e  b e t t e r  
roof c o n t r o l .  Th i s  machine i s  a l i m i t e d  
t r a v e l  s h e a r  t h a t  l e a v e s  a c l e a n e r  end on 
t h e  longwal l  t h a n  t h e  plow. About one- 
t h i r d  of t h e  mining i s  by longwal l ,  one- 
t h i r d  i s  c o n v e n t i o n a l ,  and t h e  l a s t  t h i r d  
i s  cont inuous .  The number of working 
s e c t i o n s  f o r  e a c h  t y p e  of mining fo l lows :  

1s t 2d 
s h i f t  s h i f t  

Conventional. . . . . . .  2 
 continuous....,,,.^ 2 
L(ongwal1. . . . . . . . . . 1 

Only a s m a l l  amount of mining i s  
done d u r i n g  t h e  maintenance o r  t h i r d  
s h i f t ,  The mine i s  s m a l l  enough t h a t  
t h e r e  i s  no underground maintenance shop, 
Hence, r e p a i r s  t h a t  cannot  be made a t  
t h e  s i t e  of t h e  f a i l u r e  must be made 
o u t s i d e .  

Coal i s  moved from t h e  f a c e  by 
s h u t t l e  c a r  excep t  on t h e  l o n g w a l l s ,  
where i t  goes d i r e c t l y  t o  b e l t ,  Local  
b e l t  hau lage  i s  used between t h e  s h u t t l e  
c a r s  and t r a c k e d  c a r s  on t h e  main l i n e .  
The l o n g e s t  b e l t  run  i s  4 ,500 f e e t .  

During t h e  f i r s t  s h i f t  t h e r e  a r e  no 
i d l e  s e c t i o n s  s o  t h e r e  i s  no need f o r  
maintenance crews when each  s e c t i o n  crew 
has  i t s  own mechanic, E x t r a  mechanics 
work a long  t h e  main l i n e  d u r i n g  t h i s  
s h i f t  and h e l p  s e c t i o n  mechanics when 
needed. 

During t h e  t h i r d  s h i f t ,  when few 
s e c t i o n s  a r e  working,  t h e r e  a r e  t h r e e  
maintenance crews whose s p e c i f i c  j o b  
i s  t o  work on equipment a t  t h e  i d l e  
s e c t i o n s ,  

Mine Equipment and Power 

Power is  f e d  t o  t h e  m a i n l i n e  t r o l l e y  
w i r e  a t  250 v o l t s  d c  by f o u r  r e c t i f i e r s ,  
There a r e  deadblocks  between t h e  f o u r  
s e c t i o n s  of t r o l l e y  w i r e  s o  t h a t  each 
r e c t i f i e r  s u p p l i e s  power t o  only  one 
s h o r t  l e n g t h  of wire .  A l l  face-mining 
equipment i s  a c  o p e r a t e d  s o  t h e r e  is  no 



need t o  have n i p  p o i n t s  from t h e  t r o l l e y  
l i n e .  

R a t h e r  thari u t i l i z i n g  power bore- 
h o l e s ,  7 ,200-vol t  a c  power i s  brought  i n  
a l o n g  t h e  m a i n l i n e ,  up t o  t r a n s f o r m e r s  a t  
t h e  working s e c t i o n s .  There t h e  v o l t a g e  
i s  s t e p p e d  down t o  440 v o l t s .  Thus a s  
t h e  s e c t i o n s  advance,  t h e  t r a n s f o r m e r s  
must be moved t o  f o l l o w .  

The on ly  power ou tages  have been due 
t o  s to rms  o r  h u n t e r s  s h o o t i n g  t r ans fo rm-  
e r s  on t h e  power company's d i s t r i b u t i o n  
sys tem.  Outs ide  t h e r e  a r e  two h igh  l i n e s  
f e e d i n g  t h e  mine ' s  s i n g l e  s u b s t a t i o n .  

Should t h e r e  be a  power i n t e r r u p t i o n  
w i t h i n  t h e  mine, t h e  s u b s t a t i o n  a t t e n d a n t  
w i l l  check by t e l ephone  w i t h  t h e  s e c t i o n s  
b e f o r e  r e e n e r g i z i n g  t h e  d i s t r i b u t i o n  
sys tem.  

P r e s e n t  Mine Communications 

Telephone System 

Pager  phones a r e  used  i n  a  network 
of  11 phones a l o n g  t h e  t r a c k  th roughout  
t h e  mine,  p l u s  a  phone i n  t h e  d i s -  
p a t c h e r ' s  o u t s i d e  o f f i c e  and one a t  t h e  
communication r e p a i r  s t a t i o n  i n  t h e  shop.  
Tape r e c o r d i n g s  made d u r i n g  an  $-hour 
s h i f t  i n d i c a t e  t h a t  t h e r e  were 160 d i s -  
c u s s i o n s  concern ing  t h e  l o c a t i o n  and 
movement of empty and loaded  c o a l  c a r s .  
For t h e  nex t  most comnon t o p i c ,  t h e r e  
were n e a r l y  80 d i s c u s s i o n s  concerned w i t h  
t h e  p r o d u c t i o n  of mined c o a l .  Col lec-  
t i v e l y  t h e  o t h e r  s u b j e c t s  ( r e p o r t i n g ,  
p e r s o n n e l  l o c a t i o n ,  maintenance,  e t c . )  
add up t o  about  80,  s o  no one of them is  
a  s i g n i f i c a n t  u s e r  of channel  c a p a c i t y .  
A n a l y s i s  showed t h a t  e a r l y  i n  t h e  s h i f t ,  
and j u s t  b e f o r e  t h e  end,  t h e  phones a r e  
used  a s  much a s  50X of t h e  t ime.  Th i s  
p l a c e s  t h e  p r o b a b i l i t y  of a  p o t e n t i a l  
c a l l e r  f i n d i n g  a  busy l i n e  a t  one chance 
i n  two d u r i n g  t h e s e  p e r i o d s .  

The loudspeaker  t e l e p h o n e s  have an  
a v e r a g e  age  of about  4  y e a r s .  Rock d u s t  
does  s e e p  i n  through t h e i r  c a s e s ,  bu t  t h e  
u s e r s  and maintenance men r e p o r t  t h e r e  
are few f a i l u r e s  and t h e s e  f a l l  i n  no 

c o n s i s t e n t  p a t  t e r n .  The people  i n t e r -  
viewed could  g i v e  no s u g g e s t i o n s  on how 
t h e  phone system--the one f o l l o w i n g  t h e  
track--could be improved. There a r e  sev- 
e r a l  r easons  t h a t  cou ld  be c o n t r i b u t i n g  
t o  t h e i r  s a t i s f a c t i o n :  

a .  The phones a r e  r e l a t i v e l y  new. 

b. The phone network i s  no t  l a r g e .  

c. The t ime and t a l e n t  s p e n t  on 
m a i n t a i n i n g  t h e  sys tem a r e  g r e a t .  

d m  The equipment s u p p l i e r  gave them 
much h e l p  i n  s e t t i n g  up t h e i r  sys tems.  

e m  The c h a r a c t e r i s t i c s  of t h e  phone 
l i n e s  a r e  good. 

The t e l ephone  network i s  such t h a t  
anyone on a  working s e c t i o n  i s  never  more 
t h a n  350 f e e t  from a  phone. They f e e l  
t h i s  i s  adequa te  and t h a t  having a  phone 
any c l o s e r  would n o t  r e a l l y  be of more 
va lue .  Other  phone l o c a t i o n s  a r e  t h e  
boom and t a i l p i e c e  of every  b e l t ,  p l u s  
f o u r  i n  t h e  escapeway. No a l lowance h a s  
been made f o r  emergency usage i n  t h e  
s e n s e  t h a t ,  shou ld  a  t e l ephone  l i n e  be 
broken, t h e r e  i s  no loopback t o  c a r r y  t h e  
s i g n a l .  

C a r r i e r  Phone System 

The c a r r i e r  phone i s  a  72-kHz sys tem 
t h a t  u s e s  t h e  t r o l l e y  power l i n e  t o  c a r r y  
t h e  s i g n a l s .  Even though t h i s  i s  a  
f a i r l y  s m a l l  mine, they  d i d  e x p e r i e n c e  
dead zones of unaccep tab ly  low s i g n a l  
s t r e n g t h  i n  c e r t a i n  a r e a s .  

The d i s p a t c h e r  has  an  o u t s i d e  d i a l  
phone a s  w e l l  a s  a  speaker  phone, s o  he 
s e r v e s  a s  a  message r e l a y  c e n t e r  and 
i n f o r m a t i o n  c e n t e r  a s  w e l l  a s  a  d i s -  
p a t c h e r .  The communications maintenance 
a r e a  of t h e  shop a l s o  has  a  t r o l l e y  ca r -  
r i e r  phone t o  a i d  t h e  maintenance people  
i n  s e r v i c i n g  t h e  t r o l l e y  c a r r i e r  phone 
system. The c a r r i e r  phones do n o t  have 
s t o r a g e  b a t t e r y  backup. I f  t h e r e  i s  a  
f a i l u r e  of t r o l l e y  power, c a r r i e r  phone 
communications a r e  l o s t .  



The mine has had a d i spa t che r  f o r  
only t h e  l a s t  2 years .  Before t h a t ,  
motor ope ra to r s  con t ro l l ed  t h e  t r ack  f o r  
themselves. A t  t h a t  time t h e  mine t r i e d  
t y i n g  t h e  telephone system i n  wi th  t h e  
t r o l l e y  phone system ( t h i s  type appl ica-  
t i o n  cannot be used wi th  an  i n t r i n s i c a l l y  
s a f e  te lephone system) but  found i t  only 
added confusion t o  have those  not nea r  
t h e  main l i n e  hear  a l l  t h e  d i scuss ions  of 
t h e  motormen. 

To g e t  t h e  c a r r i e r  s i g n a l  around 
t h e  deadblocks, 2-pF capac i to r s  a r e  used. 

To keep r e c t i f i e r  "hash" out  of t h e  
72-kHz system, L - f i l t e r s  a r e  used a t  each 
r e c t i f i e r  (paragraph 5.3. l a ) .  The f i l t e r  
c o n s i s t s  of a 50-pF capac i to r  ac ros s  a 
r e c t i f i e r ' s  ou tput ,  wi th  a 10-turn, 
heavy-cable c o i l ,  t h e  c o i l  having an 
approximate diameter of 2 f e e t .  The 
manufacturer tuned t h e  f i l t e r  t o  r e j e c t  
7 2-kHz in t e r f e rence .  

CAUTION 

I n s t a l l a t i o n  of equipment i n  a 
mine should be done only by people 
thoroughly q u a l i f i e d  t o  do such work. 
I n s t a l l a t i o n s  should fol low proce- 
dures  recommended by the  equipment 
manufacturer and should comply wi th  
good s a f e t y  p rac t i ce s .  A l l  i n s t a l l a -  
t i o n s  should a l s o  comply wi th  app l i -  
c a b l e  codes and r egu la t ions .  

Longwall Comrmnication System 

The longwall  miner has  i t s  own com- 
munications system c o n s i s t i n g  of seven 
loudspeaking telephones,  one a t  each end 
and t h e  o t h e r  f i v e  equal ly  spaced a long  
t h e  500-foot longwall. These loudspeak- 
i n g  te lephones have no handset and thus  
ope ra t e  i n  t h e  pager mode only ,  wi th  t h e  
loudspeaker s e rv ing  a s  a microphone when 
t h e  push-to-talk but ton i s  pressed. The 
te lephone l i n e s  l i e  i n  t h e  t roughs t h a t  
c a r r y  t h e  hydrau l i c  l i n e s .  A t  one time 
t h e  wires  were hung under t h e  top  p l a t e  
of  t h e  jacks ,  but s l a t e  f a l l i n g  between 
t h e  jacks  kept  breaking t h e  wires .  

S igna l  l i g h t s  a r e  pos i t ioned  along 
t h e  longwall miner s o  t h e  opera tors  can 
coord ina te  t h e i r  e f f o r t s  i f  t h e  phone 
system f a i l s .  The q u a l i t y  of speech 
reproduct ion f o r  t h e  phones was good, and 
t h e  loudspeaker volume was adequate i n  
s p i t e  of t h e  high ambient no i se  of t h e  
miner. 

The only complaint t h e  personnel  had 
was t h a t  t h e  push-to-talk but ton f a i l e d  
o f t en .  This but ton i s m o u n t e d  o n t h e  
recessed f r o n t  f a c e  of t h e  un i t .  The 
phones a t  t h e  ends of t h e  longwall a r e  
mount:ed ho r i zon ta l ly  s o  t h e  recessed 
panel! a c t s  a s  a ca t ch  bas in  f o r  t h e  
watered-down c o a l  dus t  . Evident ly t h e  
d i r e c t i o n a l  p r o p e r t i e s  of t h e  speaker  a r e  
such t h a t  t h i s  mounting is  necessary. 

Comnnllnications Requirements-- - 
User's View -- 

Except f o r  co r r ec t ion  of t he  minor 
probl-ems a l ready  presented,  t h e  mine per- 
sonnel  had l i t t l e  t o  suggest  about new 
comm.nications systems t h a t  would make 
t h e i r  work s a f e r  and more e f f e c t i v e .  
This may be due t o  t h e i r  p resent  system 
being new and seemingly adequate f o r  t h i s  
s i z e  mine, o r  due t o  t h e i r  not  having 
time t o  v i s u a l i z e  how a h igher  c a p a b i l i t y  
system might p r o f i t a b l y  be u t i l i z e d .  

The one d e s i r e  expressed a t  t h i s  
mine was f o r  a s ecu re  channel f o r  seeking  
a i d  f o r  an acc iden t  vict im.  A s  i n  o t h e r  
mines, when an acc ident  i s  being 
repor ted ,  everyone who knows t h e  phone i s  
being used f o r  t h i s  purpose w i l l  l i s t e n  
i f  he can. This lowers t h e  p roduc t iv i ty  
of th.e eavesdropper; t akes  h i s  mind o f f  
h i s  work, making him more acc iden t  prone; 
and worse, loads  t h e  te lephone system s o  
t h a t  t h e  d i spa t che r  can no longer  c l e a r l y  
understand t h e  repor t .  It i s  not  essen- 
t i a l  t h a t  t h e  conversat ion cannot be 
l i s t e n e d  t o ,  j u s t  t h a t  personnel  not 
become aware t h a t  someone i n  a panic  
i s  c a l l i n g  t h e  d ispa tcher .  Personnel 
seldom l i s t e n  i n  on run-of - the-mi l l  
conversat ions.  



Communications Kequirements--Based 
on Survey Ana lys i s  

The e x c e p t i o n a l  h igh q u a l i t y  and t h e  
unusua l  amount of c a r e  g iven  t o  t h e  t e l e -  
phone and c a r r i e r  phone systems l e a v e  
l i t t l e  t o  s u g g e s t  a s  t o  improving t h e s e  
communications means i n  mines s i m i l a r  t o  
t h i s  one. 

T h i s  mine, l i k e  some o t h e r s  v i s i t e d ,  
h a s  a  need f o r  a  s e c u r e  channel  a s  a n  a i d  
i n  e f f e c t i v e l y  h a n d l i n g  i n j u r y  problems, 
and i t  would be d e s i r a b l e  t o  have a  
s e c u r e  management channel.  

B e t t e r  communications c a p a b i l i t y  
would i n c r e a s e  p r o d u c t i v i t y  i n  t h e  long- 
w a l l  mining s e c t i o n s .  F a s t ,  e f f e c t i v e  
hands-free  communication i s  needed by 
o p e r a t i n g  personne l  d u r i n g  bo th  o p e r a t i o n  
and r e p a i r  of t h e  miner. Because of i t s  
h i g h  p roduc t ion  rate--and t h u s  t h e  h igh  
c o s t  of downtime--and because of t h e  
a lmos t  imposs ib le  working c o n d i t i o n s ,  i t  
seems e s s e n t i a l  t h a t  a l l  longwal l  workers 
have t h e i r  own w i r e l e s s  communications 
network w i t h  each  having s m a l l ,  l i g h t -  
weight  equipment,  i n c l u d i n g  s p e a k e r s  and 
bone-conducting microphones mounted i n  
helmets .  The communication c e n t e r  oper-  
a t o r  should  a l s o  be a b l e  t o  moni tor  t h i s  
network.  

A.7 Mine F 

Mine D e s c r i p t i o n  

Mine F  h a s  been o p e r a t i o n a l  s i n c e  
1963 w i t h  p r o d u c t i o n  o r i g i n a l l y  e s t i m a t e d  
f o r  25 y e a r s .  Coal i s  being mined 
from t h e  Mammoth Seam i n  t h e  Cherokee 
Group. Seam t h i c k n e s s  i s  approximately  
60 i n c h e s .  

T h i s  mine i s  t h e  on ly  nonunion mine 
surveyed.  A s  a  r e s u l t ,  some of t h e  oper-  
a t i o n s  a r e  n o t a b l y  d i f f e r e n t  from t h o s e  
s e e n  a t  t h e  o t h e r  mines examined. 

The mine employs conven t iona l  mining 
t e c h n i q u e s  and employs t r a c k e d  haulage t o  
remove t h e  coa l .  Pe rsonne l  e n t r y  and 
c o a l  removal a r e  through a  s i n g l e  s h a f t .  

Coal p roduc t ion  i s  approximately  
250,000 t o n s  p e r  year .  There i s  one min- 
i n g  s e c t i o n ,  o p e r a t i n g  one s h i f t .  Coal 
i s  mined v i a  t h e  room and p i l l a r  method 
w i t h  a c t i v i t y  r o t a t i n g  through s i x  a c t i v e  
rooms. 

The mine w i l l  u l t i m a t e l y  be approxi-  
mately  1-114 m i l e s  square .  Mining a c t i v -  
i t y  i s  c u r r e n t l y  o c c u r r i n g  about  314 mi le  
from t h e  s h a f t .  

The overburden a t  t h e  s h a f t  is 
157 f e e t ,  i n c r e a s i n g  g r a d u a l l y  t o  t h e  
working face .  Tunnels a r e  t y p i c a l l y  
12 f e e t  wide and range from 4 t o  6  f e e t  
h igh.  Four- and 6-foot roof b o l t s  a r e  
i n s t a l l e d  on 5-foot c e n t e r s .  

There a r e  no boreho les  i n t o  t h e  
mine. The f r e s h  a i r  e n t r a n c e  s e r v e s  a s  
t h e  emergency e x i t  and i s  l o c a t e d  about 
500 f e e t  from t h e  main s h a f t .  The main 
s h a f t  s e r v e s  a s  t h e  a i r  exhaus t .  

Mine Management 

Since t h e r e  i s  only  one mining 
s e c t i o n ,  t h e  mine o p e r a t e s  w i t h  very 
few management pe rsonne l ,  a s  fo l lows :  
General  manager, c h i e f  e n g i n e e r ,  super-  
i n t e n d e n t ,  and foreman. 

Management pe rsonne l  do q u i t e  a  b i t  
of f i l l i n g  i n  a s  necessa ry ;  however, t h e  
c h i e f  e n g i n e e r  normally t ends  t o  t o p s i d e  
o p e r a t i o n s  w h i l e  t h e  s u p e r i n t e n d e n t  
s t a n d s  by a t  t h e  bottom of t h e  s h a f t .  
The foreman remains a t  t h e  f a c e .  The 
mine has  25 men underground d u r i n g  t h e  
s h i f t .  

There a r e  f i v e  mining o p e r a t i o n s  
r o t a t i n g  con t inuous ly  through t h e  s i x  
a c t i v e  rooms a t  t h e  f a c e .  A c y c l e  s t a r t s  
w i t h  t h e  c u t t e r  u n d e r c u t t i n g  t h e  c o a l  
f a c e .  Th is  is  fol lowed by t h e  c o a l  
d r i l l e r  d r i l l i n g  h o l e s  f o r  t h e  charges .  
A f t e r  t h e  d r i l l e r  moves on,  t h e  charges  
a r e  s e t  and f i r e d  by t h e  s h o t  f i r e r .  
A f t e r  a  d e l a y  f o r  t h e  a i r  t o  c l e a r ,  t h e  
l o a d e r  i s  moved i n  t o  begin  l o a d i n g  
s h u t t l e  c a r s ,  which t r a n s f e r  c o a l  t o  t h e  
hau lage  c a r s .  When a  room has  been 



c leaned  of t h e  l o o s e  c o a l ,  t h e  roof b o l t -  
e r s  move i n  t o  ex tend  t h e  suppor ted  sec-  
t i o n  of t h e  r o o f .  

Loaded hau lage  t r a i n s  a r e  p u l l e d  t o  
t h e  s h a f t  where t h e  c a r s  a r e  dumped i n t o  
a s k i p ,  one c a r  t o  a sk ip load .  The s k i p  
i s  l i f t e d  up t h e  s h a f t  and dumped i n t o  
t h e  c r u s h e r .  Crushed c o a l  i s  conveyed 
i n t o  s e m i t r a i l e r  t r u c k s  t h a t  a r e  used 
e x c l u s i v e l y  t o  h a u l  t h e  mine 's  o u t p u t .  

The maintenance phi losophy of t h i s  
mine r e s u l t s  i n  a l a r g e  amount of nonpro- 
d u c t i v e  machine time. There i s  a com- 
p l e t e  o p e r a t i n g  s p a r e  f o r  each type  of 
machine i n  t h e  mine. As  a r e s u l t  of t h i s  
ph i losophy ,  however, t h e r e  i s  v i r t u a l l y  
no downtime f o r  equipment maintenance.  A 
minor f a i l u r e  i s  r e p a i r e d  on t h e  s p o t ;  i n  
c a s e  of a major f a i l u r e ,  t h e  s p a r e  
machine i s  placed i n  s e r v i c e  whi le  t h e  
broken one i s  f i x e d .  

There i s  no f i x e d  shop l o c a t i o n .  
The maintenance personne l  t r a v e l  w i t h  t h e  
mining crew. The p resence  of s p a r e  
machinery permi t s  r e p a i r s  and maintenance 
t o  be performed thoroughly wi thou t  slow- 
i n g  p roduc t ion .  

S u p p l i e s  a r e  d e l i v e r e d  v i a  t h e  haul-  
age c a r s .  J u s t  b e f o r e  t h e  end of each  
working day t h e  foreman c a l l s  h i s  l i s t  of 
s u p p l i e s  t o  t h e  h o i s t i n g  eng ineer .  These 
a r e  p laced  a t  t h e  t o p  of t h e  s h a f t  and 
d e l i v e r e d  t o  t h e  f a c e  e i t h e r  a t  t h e  end 
of  t h e  day o r  t h e  beginning of t h e  nex t  
one. Repa i r  p a r t s  a r e  d e l i v e r e d  d u r i n g  
t h e  day v i a  a r e t u r n  t r i p  of t h e  hau lage  
c a r s .  

The mine has  a s i n g l e  man-trip c a r .  
T h i s  i s  s u f f i c i e n t  t o  c a r r y  t h e  e n t i r e  
crew, s o  only  one man-trip i s  made, morn- 
i n g  and evening.  A d m i n i s t r a t i o n  of t h e  
mine o p e r a t i o n  i s  q u i t e  in fo rmal .  The 
g e n e r a l  manager o v e r s e e s  a l l  o p e r a t i o n s  
and a s s i s t s  t h e  t o p s i d e  pe rsonne l  a s  
necessa ry .  A l l  management pe rsonne l  
a s s i s t  when and where needed. 

V e n t i l a t i o n  i s  v i a  a s i n g l e  f a n ,  
blowing i n t o  t h e  escape  s h a f t  and 
exha.us t ing through t h e  main s h a f t  . 
Within  t h e  mine, wa te r  s p r a y s  a r e  used t o  
keep d u s t  down. There h a s  never  been any 
probllem w i t h  e x c e s s i v e  w a t e r ,  s o  t h e  on ly  
wate.r-handling g e a r  i s  t h a t  used t o  con- 
t r o l ,  d u s t .  

Mine Equipment and Power 

The f o l l o w i n g  p i e c e s  of mining 
equipment a r e  i n  u s e  a t  t h e  mine: 

S h u t t l e  cars--3 Roof bol ter- -1  
Loader--1 Coal d r i l l - - 1  
Cut ter--1 Locomotives--3 

I n  a d d i t i o n  t o  t h e  equipment i n  u s e ,  
t h e r e  i s  one o p e r a t i n g  s p a r e  of each type  
of machine. I n  c a s e  of major breakdown 
t h e  s p a r e  i s  p laced  i n  o p e r a t i o n  whi le  
t h e  broken u n i t  i s  r e p a i r e d .  

Primary power comes i n t o  t h e  mine 
through t h e  main s h a f t .  A 2 ,300-vol t ,  
three-phase  l i n e  i s  run t o  t h e  two 
t r a n s f o r m e r - r e c t i f i e r  s e t s  used. One 
t r a n s f o r m e r  f e e d s  t h e  t r o l l e y  f o r  t h e  
hau lage  system; t h e  o t h e r  powers a l l  
mach~inery a t  t h e  f a c e .  A l l  machines i n  
t h e  mine r u n  o f f  280 t o  300 v o l t s  dc. 

Pres 'ent  Mine Communications 

The mine c u r r e n t l y  has  a combination 
of independent  v o i c e  communication 
systems. The loudspeaking phone system 
u s e s  two u n i t s ,  one l o c a t e d  a t  t h e  h o i s t -  
i n g  e n g i n e e r ' s  p o s i t i o n ,  and t h e  o t h e r  a t  
t h e  working f a c e .  A two-s ta t ion  in te rcom 
connlects t h e  t o p  and bottom of t h e  s h a f t .  
Anot.her in te rcom connects  t h e  h o i s t i n g  
engineer and t h e  mine o f f i c e .  Two s p a r e  
1oud.speaking pagers  s e r v e  a s  backup and 
permit  a t h i r d  s t a t i o n  t o  be patched i n  
i f  work i s  being done a long  way from t h e  
f a c e .  The h o i s t i n g  e n g i n e e r  s e r v e s  a s  
"conununications c e n t r a l , "  t y i n g  t h e  t h r e e  
syst.ems t o g e t h e r .  I n  a d d i t i o n  t o  t h e  
i n t e r n a l  communication systems,  an  exten-  
s i o n  of t h e  o u t s i d e  t e lephone  l i n e  is  



l o c a t e d  a t  t h e  ch ie f  eng inee r ' s  desk. 
The pager a t  t h e  f a c e  i s  kep t  mounted 
n e a r  t h e  power s l e d ,  s o  t h e  two a r e  moved 
t oge the r .  Nothing e l s e  i s  moved. 

A l l  equipment ha s  been ho ld ing  up 
wel l .  Perhaps twice  a yea r ,  one of t h e  
pagers  w i l l  q u i t  opera t ing .  Whenever 
t h i s  happens,  t h e  bad u n i t  i s  removed and 
s e n t  t o  a commercial r e p a i r  s t a t i o n .  

I n  normal system use ,  a l l  c a l l s  a r e  
made from a remote po in t  t o  t h e  h o i s t i n g  
eng inee r  "commnicat i o n  c e n t r a l .  " A s  
l ong  a s  c a l l s  a r e  being made i n  t h i s  man- 
n e r ,  t h e  system func t i ons  wel l .  A pos- 
s i b l e  except ion  might occur i n  an  emer- 
gency s i t u a t i o n  a t  t h e  face .  The pager 
a t  t h i s  p o i n t  i s  50 t o  100 f e e t  from t h e  
n e a r e s t  working room, and on t h e  o t h e r  
s i d e  of a i r - d i v e r t e r  f l a p s .  It i s  con- 
c e i v a b l e  t h a t  an acc iden t  could occur i n  
which t h e  phone would no t  be a c c e s s i b l e .  
The o t h e r  p o s s i b i l i t y  i nvo lv ing  an  a c c i -  
den t  s i t u a t i o n  would involve  t h e  phone 
cab le .  There i s  a s i n g l e  run w i t h  no 
backup o r  loopback path.  This  c a b l e  i s ,  
however, p ro t ec t ed  i n  being mounted on 
v e r t i c a l  t imbers  and i s  of armored 
cons t ruc t i on .  

When c a l l s  a r e  made from t h e  "com- 
municat ion c e n t r a l "  p o s i t i o n  t o  o t h e r  
p a r t s  of t h e  mine, t h e  system does no t  
work s o  wel l .  A complaint was made t h a t  
i f  t h e  super in tendent  l e aves  t h e  bottom 
of  t h e  h o i s t  i t  may t a k e  a ha l f  hour t o  
g e t  a message t o  him. It appears  very 
u n l i k e l y  t h a t  a c a l l  t o  t h e  pager  a t  t h e  
f a c e  would f i n d  anyone near  enough t o  
h e a r  i t .  The f a s t e s t  r o u t e  t o  t h e  f a c e  
appears  t o  involve  r e l a y i n g  a message t o  
a motorman a t  t h e  h d i s t  and having him 
d e l i v e r  i t  t o  t h e  f a c e  when he r e t u r n s .  

I n  t h i s  mine, commnica t ions  e f -  
f i c i e n c y  would be improved by rep lac-  
i n g  t h e  t h r e e  independent two-sta t ion 
phone systems w i th  a s i n g l e  m u l t i s t a t i o n ,  

mult ichannel  system. The system should 
have a minimum of seven s t a t i o n s .  

The i r  l o c a t i o n s  would be a s  fol lows:  

Mine o f f i c e  

Hois t ing  engineer"  p o s i t i o n  

Shaf t  bottom 

Working f a c e  

Bottom of emergency s h a f t  

Midway between bottom and f a c e  a long  
inbound haulageway 

Midway between bottom and f a c e  a long  
outbound haulageway. 

Other s t a t i o n s  t h a t  might be con- 
s i d e r e d  include-- 

Topside s t o r a g e  o r  shop a r e a  

Chief eng inee r ' s  desk 

Crusher 

Most of t h e  added s t a t i o n s  would be 
concerned more w i th  s a f e t y  t han  w i th  
product ion.  A s  t h ings  s tand ,  i t  i s  
p o s s i b l e  t o  be blocked from a phone s t a -  
t i o n  o r  t o  be a long  walk from one. I n  
a d d i t i o n  t o  t h e  f i x e d  s t a t i o n s ,  t h e  man- 
agement personne l  should have r a d i o  com- 
municators.  This would e l i m i n a t e  t h e  
e x i s t i n g  s i t u a t i o n  i n  which a c r i t i c a l  
man can be ou t  of touch when o t h e r s  need 
a dec i s ion  o r  informat ion.  

An expanded system needs no more 
t han  two gene ra l  channels p lu s  a p r i v a t e  
channel.  Radio communicators ope ra t e  
b e s t  i f  they can acces s  a l l  t h r e e  chan- 
n e l s ,  but could ope ra t e  w i th  acces s  only 
t o  one of t h e  gene ra l  channels.  



The c a b l e  i n t o  t h e  mine should  be a  
con t inuous  loop  of armored w i r e  f o r  maxi- 
mum r e l i a b i l i t y  and p ro t ec t i on .  By u s i n g  
a  mu l t i p l ex  system, a l l  channels  p l u s  
moni to rs  could be inc luded  on a  s i n g l e  
cab le .  1 

A.8 Mine G 

Mines t h a t  do no t  employ r a i l  hau l -  
age  systems powered from a t r o l l e y  w i r e  
f a c e  unique problems i n  e s t a b l i s h i n g  s a t -  
i s f a c t o r y  communications between haulage- 
way veh i c l e s .  Because common t r o l l e y  
c a r r i e r  phones cannot  be u t i l i z e d ,  some 
o t h e r  form of r a d i o  system must be used 
t o  e s t a b l i s h  t h e  r equ i r ed  vo i ce  l i n k  

l  ro roved and nonapproved s ys  tems may 
n o t  s h a r e  t h e  same cab l e ;  check wi th  MSHA 
f o r  d e t a i l s .  

/ No. 2 crusher 

between motormen and /or  motormen and a  
c e n t r a l  d i spa t che r .  Th is  d e s c r i p t i o n  
i l l u s t r a t e s  how one mine i n  t h i s  ca tegory  
so lved  i t s  haulageway communication 
requirements  u s i n g  a  unique system of UHF 
and VHF r e p e a t e r s  combined w i t h  a  " leaky 
c o a x i a l "  t r an smi s s ion  l i n e .  

Th is  mine was a  magne t i t e  o r e  block 
caving ope ra t i on .  Sur face  acce s s  t o  t h e  
Mine ( f i g .  A-2) was by two v e r t i c a l  
s h a f t s  t o  t h e  No. 6 produc t ion  l e v e l ,  
2,500 f e e t ,  w i t h  mining occu r r i ng  a t  a  
dep th  of 2,500 t o  2,800 f e e t .  Diesel- 
powered, rubber-t  i r e d  l oad ing  equipment 
was used t o  t r a n s p o r t  o r e  t o  t h e  crush-  
ers. A conveyor b e l t  r a n  between t h e  
c r u s h e r  rooms and t h e  o r e  s k i p  s t o r a g e  
b i n s  where t h e  o r e  was au toma t i ca l l y  
loadled i n t o  20-ton s k i p  c a r s  and h o i s t e d  
t o  t h e  su r f ace .  

B shaft' 
FIGURE A-2. - Underground map of mine, 6th level. 



P e r s o n n e l  underground i n c l u d e d  rov- 
i n g  miners  i n  p r o d u c t i o n ,  hau lage ,  and 
shop  a r e a s ,  fan-hole  d r i l l  o p e r a t o r s  
working a l o n e ,  and maintenance v e h i c l e  
and ambulance o p e r a t o r s .  To s a t i s f y  t h e  
o b j e c t i v e  t o  communicate between t h e s e  
p e r s o n n e l  and t h e  s u r f a c e ,  a  gu ided  wire-  
less communication sys tem u t i l i z i n g  
equipment a v a i l a b l e  from Motorola ,  I n c . ,  
and Andrew Corp. was s e l e c t e d .  P o r t a b l e  
HT-220 r a d i o s  and i n d u s t r i a l  d i s p a t c h e r  
mobi le  t r a n s c e i v e r s  were chosen f o r  
p e r s o n n e l  and v e h i c l e s ,  r e s p e c t i v e l y .  
Andrew Kadiax c a b l e ,  a  s p e c i a l  t y p e  of 
c a b l e  t h a t  a l l o w s  f o r  l eakage  of s i g n a l s  
o u t  of and i n t o  i t s e l f ,  was i n s t a l l e d  
th roughout  t h e  major a r e a s  of t h e  mine. 
Because t h e  t o t a l  c a b l e  l e n g t h  exceeded 
2  m i l e s ,  i t  was n e c e s s a r y  t o  i n s t a l l  two 
r e p e a t e r s .  Although t h e  sys tem d i d  n o t  
r e q u i r e  a d i s p a t c h e r  o r  a n  o p e r a t o r ,  a  
communications c e n t e r  was e s t a b l i s h e d  a t  
a n  underground c r u s h e r  room. Personne l  
cou ld  be s e l e c t i v e l y  paged from t h e  con- 
s o l e ,  and a n  e v a c u a t i o n  a la rm could  be 
a c t i v a t e d  from e i t h e r  t h e  c o n s o l e  o r  a n  
a l t e r n a t e  moni tor  s t a t i o n  a t  t h e  s h a f t  
bottom. The moni to r  s t a t i o n  was wi red  t o  
t h e  s u r f a c e  where a  remote c o n t r o l  u n i t  
p rov ided  s u r f a c e  a c c e s s  t o  t h e  system. 
During a  power f a i l u r e ,  t h e  sys tem would 
o p e r a t e  f o r  24 hours  on backup b a t t e r y  

power. A t e l l t a l e  beep i n  t h e  sys tem 
s i g n a l e d  t h a t  t h e  sys tem had r e v e r t e d  t o  
emergency power. The communication sys -  
tem u t i l i z e d  o f f - the - she l f  , r e a d i l y  
a v a i l a b l e  communications equipment and 
i n s t a l l a t i o n  hardware.  I n  a d d i t i o n ,  t h e  
sys tem was compat ib le  w i t h  t h e  i n s t a l l a -  
t i o n  and maintenance c a p a b i l i t i e s  of t h e  
mine pe r sonne l .  

F i g u r e  A-3 shows t h e  e x t e n t  of t h e  
r a d i a t i n g  c a b l e  i n s t a l l a t i o n .  There  was 
11,000 f e e t  of RX5-1R 718-inch Andrew 
Radiax i n  t h e  system. The c a b l e  a t t e n u a -  
t i o n  was 1.2 dB1100 f t ;  t h u s ,  two r e -  
p e a t e r s  were r e q u i r e d  t o  compensate f o r  
s i g n a l  l o s s  a s  w e l l  a s  p rov ide  adequa te  
power l e v e l s  f o r  f u t u r e  sys tem expansion.  

The c a b l e  s p e c i f i c a t i o n s  s t a t e  t h a t  
i t  must be suppor ted  every  5 f e e t .  To 
avoid  i n s t a l l i n g  2,000 anchors  i n  t h e  
r o c k ,  a  3116-inch s t e e l  messenger w i r e  
was a t t a c h e d  a t  20-foot i n t e r v a l s  t o  
roof -bo l t - suppor ted  T-bars. The c a b l e  
was t h e n  s t r a p p e d  t o  t h e  messenger w i r e  
w i t h  s t a n d a r d  c a b l e  t ies .  

Some a r e a s  were s o  f a r  away from t h e  
i n s t a l l e d  c a b l e  t h a t  r a d i o  t r a n s m i s s i o n s  
cou ld  n o t  be e s t a b l i s h e d .  This  was over-  
come by i n s e r t i n g  a  s t u b  c a b l e  w i t h  one 
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FIGURE A-3. - Leaky feeder cable layout. 



end connected through a  power d i v i d e r  t o  
t h e  main c a b l e ;  t h e  o t h e r  end te rmina ted  
i n  an  antenna l oca t ed  w i t h i n  s e v e r a l  hun- 
d r ed  f e e t  of t h e  d e s i r e d  working a rea .  

The r e p e a t e r s ,  composed of a  unique 
combination of UHF and VHF u n i t s ,  were 
b o l t e d  t oge the r  and mounted on p a l l e t s  
f o r  e a s e  of t r a n s p o r t  w i t h i n  t h e  mine. 
The UHF and VHF u n i t s  were i n t e r connec t ed  
by a  sque lch  and audio  i n t e r f a c e .  Vehi- 
c u l a r  and personne l  comrmnications took 
p l a c e  over  t h e  leaky  c o a x i a l  c a b l e  on t h e  
UHF r e p e a t e r  f r equenc i e s ,  whi le  t h e  con- 
t r o l  between r e p e a t e r s ,  l o c a t e d  some 
2,000 f e e t  a p a r t ,  used VHF over  t h e  same 
cab le .  A 5-MHz UHF t r ansmi t  and r e c e i v e  
f requency s e p a r a t i o n  allowed connect ion 
t o  t h e  common Radiax through a  duplexer.  

The r e p e a t e r s  were prewired, and t h e  
system was assembled on t h e  s u r f a c e  where 
i t  underwent s e v e r a l  months of burn-in. 
This  procedure e l im ina t ed  t h e  f r u s t r a -  
t i o n s  of t r oub l e shoo t ing  and t e s t i n g  t h e  
system underground. 

The fan-hole d r i l l  ope ra to r ,  
equipped w i th  a  p o r t a b l e  r a d i o  a t t a c h e d  
e i t h e r  t o  h i s  b e l t  o r  t o  a  ches t  pack a s  
he  p r e f e r r e d ,  was a l s o  equipped wi th  an  
accessory  noise-reducing earmuff and m i -  
crophone. The r e c e i v e r  aud io  was rou ted  
t o  s m a l l  loudspeakers  i n s i d e  h i s  e a r  pro- 
t e c t o r s ,  whi le  t h e  microphone and push- 
t o - t a lk  swi tch  were i n s t a l l e d  i n  a  simi- 
l a r  earmuff which t h e  f a n  ho l e  d r i l l  
o p e r a t o r  p laced  over  h i s  mouth when he  
wished t o  make a  r a d i o  t ransmiss ion .  A l l  
p o r t a b l e  r a d i o s  i n  t h e  mine were equipped 
w i t h  t h e  p rov i s ion  t o  use  an  e x t e r n a l  
speaker  microphone accessory  s o  t h a t  t h e  
r a d i o  need n o t  be detached from t h e  oper- 
a t o r ' s  b e l t  and r a i s e d  t o  h i s  e a r  o r  
mouth. I n  no i sy  l o c a t i o n s  t h e  u s e  of a  
noise-reducing speaker lnicrophone i s  a  
n e c e s s i t y .  

Two types  of veh i cu l a r  r a d i o s  were 
used. The I n d u s t r i a l  Dispatcher  had a l l  
c o n t r o l s ,  t h e  microphone plug,  and 
speaker  l o c a t e d  on t h e  t r a n s c e i v e r  pack- 
age ;  t h i s  n e c e s s i t a t e d  l o c a t i n g  t h e  
t r a n s c e i v e r  w i t h i n  t h e  v e h i c l e  o p e r a t o r ' s  
r e ach ,  which is  nea r ly  impossible  on some 

mining veh i c l e s .  A b e t t e r  r a d i o  f o r  t h i s  
app1:lcation was t h e  mo to rcyc l e ,ve r s ion  of 
t h e  I n d u s t r i a l  Dispatcher .  A l l  c o n t r o l s  
and t h e  microphone plug were l oca t ed  on 
t h e  sma l l ,  rugged loudspeaker enc losure .  
The loudspeaker can be mounted i n  a  
convenient l o c a t i o n ,  and t h e  l a r g e r  
t r a n s c e i v e r  u n i t  can be mounted i n  a  more 
p ro t ec t ed  l oca t i on .  The antennas a r e  
e i t h e r  114-wave whips o r  S i n c l a i r  low- 
p r o f i l e  blade antennas.  The radome 
ve r s ion  of t h e  blade antenna appears  
t o  be t h e  most s u i t a b l e  f o r  mining 
app1:icat ions .  

A d i s p a t c h e r  c o n t r o l  console  a t  t h e  
No. 2 c ru she r  could be e i t h e r  manned o r  
unmanned; no ope ra to r  was necessary f o r  
system opera t ion .  Paging could be i n i t i -  
a t e d  from a n  encoder a t  t h e  console  t o  
send p r i v a t e  messages t o  pager-equipped 
r ad io s .  Equipping t h e  fan-hole d r i l l  
operaator  wi th  a  pager-encoded r a d i o  pre- 
ven t s  t h e  nuisance of h i s  l i s t e n i n g  t o  
gene ra l  system t r a f f i c .  He would only 
hear  messages d i r e c t e d  s p e c i f i c a l l y  t o  
him. The console  a l s o  had t h e  p rov i s ion  
f o r  sending a  warning s i g n a l  t o  a l l  
r a d i o s  i n  t h e  mine. This  wa i l i ng  s i r e n -  
l i k e  s i g n a l  could be used f o r  mine evacu- 
atioin i n  an emergency. 

The a l t e r n a t e  c o n t r o l  s t a t i o n  pro- 
videtd an a d d i t i o n a l  access  po in t  t o  t h e  
c o m ~ n i c a t  i ons  network. This  s t a t i o n  
monitored t h e  a c t i v i t y  of t h e  fan-hole 
d r i l l  opera tor .  Also, t h i s  s t a t i o n  was 
connected by w i r e  l i n e  t o  an intercom 
u n i t  i n  t h e  s u r f a c e  guardhouse. The 
guarld could acces s  t h e  system through 
remote con t ro l .  This  f e a t u r e  was espe- 
c i a l l y  d e s i r a b l e  du r ing  maintenance p e r i -  
ods when t h e  underground s t a t i o n s  a r e  
unmainned o r  dur ing  a  mine emergency, 
t o  coord ina te  evacua t ion  and rescue  
~ p e r ~ a t i o n s .  

The mine had o u t f i t t e d  an under- 
ground r a d i o  shop wi th  t h e  necessary 
s e r v i c e  equipment t o  main ta in  t h e  commu- 
n i c a t i o n s  system. A fu l l - t ime  Federa l  
Communication Commission second-class 
l i c e n s e d  radioman was t r a i n e d  i n  system 
i n s t a l l a t i o n ,  ope ra t i on ,  and maintenance. 
R e l i 4 a b i l i t y  of t h e  UHF-VHF system was 



e x c e l l e n t  w i t h  n e g l i g i b l e  downtime. Th is  
w i r e l e s s  communications sys tem demon- 
s t r a t e d  t h a t  t h e  o b j e c t i v e s  of p e r s o n n e l  
and v e h i c u l a r  underground mine communi- 
c a t i o n s  can be s a t i s f i e d .  Worker and 
management accep tance  of t h e  sys tem was 
e x c e l l e n t .  

A.9 Mine H 

To meet changing c o m m n i c a t i o n  
requ i rements  i n  many of i t s  mines,  one 
u t i l i t y  company h a s  i n s t a l l e d  a  new mul- 
t i c h a n n e l  mine dia l -page phone system a t  
i t s  underground o p e r a t i o n s .  The f i r s t  of 
i t s  t y p e ,  t h i s  f u l l y  p e r m i s s i b l e  comrmni- 
c a t i o n  system combines t h e  paging capa- 
b i l i t y  of c u r r e n t  mine page phones w i t h  
t h e  advan tages  of c o n v e n t i o n a l  t e l e -  
phones. Manufactured by GAI-Tronics 
Corp. , t h e  Mine Dial-Page Phone System 
(MDP) h a s  t h e  f o l l o w i n g  f e a t u r e s :  

1. Each underground s t a t i o n  i s  on a  
s e p a r a t e  c i r c u i t  ready f o r  i n s t a n t  u s e  
depending upon t h e  a v a i l a b i l i t y  of a n  
open channe l  i n  t h e  c e n t r a l  swi tch.  

2. When connected t o  a  t e lephone  
swi tchboard  through a  12- t o  48-volt i n -  
t e r f a c e  c i r c u i t r y  c a r d  p rov ided  f o r  each  
l i n e ,  any underground s t a t i o n  can c a l l  
a n o t h e r  underground s t a t i o n  d i r e c t l y ,  o r  
c a l l  any s t a n d a r d  t e lephone  a t  a  s u r f a c e  
l o c a t i o n .  Also,  any underground s t a t i o n  
c a n  be c a l l e d  from any aboveground s t a n -  
d a r d  t e lephone .  

3. S e l e c t i v e  paging c a p a b i l i t y  t o  
any s i n g l e ,  s p e c i f i c  underground s t a t i o n .  

4. A d i a l - a c c e s s ,  a l l - s t a t i o n  pag- 
i n g  c a p a b i l i t y  t o  c a l l  p e r s o n n e l  n o t  a t  
t h e i r  normal l o c a t i o n ,  o r  t o  a l e r t  a l l  
underground personne l .  

5. Automatic s w i t c h i n g  t o  a  push- 
but ton-operated,  a l l - p a g e - p a r t y l i n e  mode 
i n  t h e  e v e n t  of a  t e lephone  swi tchboard  
power f a i l u r e  o r  severance  of t h e  c a b l e  
i n t e r c o n n e c t i n g  t h e  swi tchboard and t h e  
i n t e r f a c e  c a b i n e t ,  one of t h e  key compon- 
e n t s  of t h e  MDP system. 

6. Plug-in e l e c t r o n i c  assem- 
b l i e s ,  wherever p o s s i b l e ,  t o  f a c i l i t a t e  

maintenance and a d a p t a t i o n  t o  changes i n  
mine o p e r a t i o n s .  

The MDP system ( f i g .  A-4) c o n s i s t s  
of i n d i v i d u a l  phone s t a t i o n s  p laced  a t  
s e l e c t e d  s i t e s  w i t h i n  t h e  mine, one o r  
more i n t e r f a c e  c a b i n e t s  l o c a t e d  on t h e  
s u r f a c e ,  a  t e lephone  switchboard,  and t h e  
n e c e s s a r y  mul t i conduc tor  i n t e r c o n n e c t i n g  
c a b l e .  (One p a i r  of conductors  i s  
r e q u i r e d  f o r  each  p r i v a t e  l i n e . )  

Each phone s t a t i o n  i s  con ta ined  
w i t h i n  a  b r i g h t  ye l low,  molded p o l y e s t e r -  
f i b e r g l a s s - r e i n f o r c e d  housing.  Th is  
m a t e r i a l ,  coupled w i t h  t h e  u s e  of s t a i n -  
l e s s  s t e e l  hardware,  g i v e s  a  c o r r o s i o n -  
f r e e  enc losure .  The s t a t i o n  i n c l u d e s  a  
h a n d s e t ,  a  t e lephone  d i a l ,  a  loudspeaker ,  
a n  a l l - s o l i d - s  t a t e  p lug- in  a m p l i f i e r ,  and 
a  s e l f - c o n t a i n e d  b a t t e r y  of t h e  s t a n d a r d  
12-volt mine page phone type.  

I n  a d d i t i o n ,  s i n c e  some power f o r  
sys tem o p e r a t i o n s  i s  s u p p l i e d  from 
t h e  s u r f a c e ,  t h e  mine phones a r e  des igned  
t o  have i n d i v i d u a l  power t o  permit  
emergency communications i n  t h e  even t  of 
a  power c u t o f f .  Th i s  i s  accomplished 
by a  s t a n d a r d  12-volt phone b a t t e r y ,  
w h i l e  t h e  s u r f a c e  equipment i s  provided 
w i t h  a  12-volt  r e c h a r g e a b l e  b a t t e r y ,  r e -  
q u i r e d  only  i n  t h e  even t  t h a t  v o l t -  
age  t o  t h e  dc  power supply should be 
10s t . 

Located o u t s i d e  each  c a b l e  e n t r y  
i n t o  t h e  mine i s  a n  i n t e r f a c e  c a b i n e t .  
The c i r c u i t r y  t h a t  c o n v e r t s  t h e  t e lephone  
switchboard v o l t a g e s  ( a c  and d c )  t o  pe r -  
m i s s i b l e  l e v e l s  i s  con ta ined  i n  t h i s  
c a b i n e t  on a  s e p a r a t e  plug-in i n t e r -  
f a c e  c a r d  f o r  each  t e lephone  l i n e .  
The c a b i n e t  a l s o  c o n t a i n s  t h e  12-volt 
r e c h a r g e a b l e  b a t t e r y .  Th is  b a t t e r y  auto-  
m a t i c a l l y  powers t h e  sys tem i f  t h e r e  i s  a  
power f a i l u r e  a t  t h e  swi tchboard  o r  i n  
t h e  connec t ing  c a b l e  between t h e  swi tch-  
board and t h e  c a b i n e t .  

The swi tchboard  i t s e l f  i s  a n  impor- 
t a n t  l i n k  i n  t h e  MDP o p e r a t i o n .  

Th is  mine's i n i t i a l  i n s t a l l a t i o n  
u s e s  a  p r i v a t e  au tomat ic  branch exchange 
provided and i n s t a l l e d  by t h e  l o c a l  



FIGURE A-4. - Typical mine dial- age   hone system. 



te lephone company i n  t h e  main o f f i c e  
bu i ld ing  a t  t h e  mining operat ion.  

An incoming c a l l  t r i g g e r s  t he  i n t e r -  
f a c e  card  c i r c u i t r y  i n  t h e  c a b i n e t ,  which 
begins  wi th  t he  a c t i v a t i o n  of a  timed 
hold ing  c i r c u i t  t h a t  completes t he  dc 
loop of t he  te lephone l i n e  and h a l t s  t h e  
incoming r i ng ing  s igna l .  The t iming c i r -  
c u i t  holds  t he  l i n e  f o r  approximately 
40 seconds and i n i t i a t e s  a d d i t i o n a l  c i r -  
c u i t r y  which produces a  d i s t i n c t i v e  
warble  r i n g  tone on t h e  app rop r i a t e  MI)P 
phone. The r i n g  tone i s  appl ied  f o r  a  
4-second per iod ,  and t h e  balance of t h e  
40 seconds i s  he ld  f o r  t h e  c a l l i n g  p a r t y  
t o  page a  s p e c i f i c  person o r  make an 
announcement. A t  t h e  end of t h i s  per iod ,  
i f  t h e  c a l l e d  s t a t i o n  has  not  answered, 
t h e  l i n e s  a r e  au tomat ica l ly  disconnected. 

When t h e  s t a t i o n  answers before  t h e  
end of t he  40-second hold per iod ,  t h e  
t iming  c i r c u i t r y  i s  re turned  t o  i t s  
o r i g i n a l  standby s t a t e  and t h e  loud- 
speaker  is  muted. The pa r ty  c a l l e d  
responds by t ak ing  t h e  phone handset  from 
i t s  holder  and squeezing a  p re s s  bar  
l o c a t e d  i n  t h e  c e n t e r  of t h e  handle. 
Holding of t he  te lephone l i n e  is  accom- 
p l i shed  by a  c i r c u i t  not  a s soc i a t ed  wi th  
t h e  t iming c i r c u i t ,  and t h e  connect ion i s  
h e l d  a s  long a s  both p a r t i e s  a r e  p re s s ing  
t h e i r  r e spec t ive  p re s s  bars .  

For outgoing c a l l s ,  t he  u s e r  of t h e  
MDP phone simply removes t h e  handset  from 
t h e  ho lder  and p re s se s  t he  p re s s  bar. 
When t h e  f a m i l i a r  d i a l  tone  is  heard,  he 
can  d i a l  h i s  c a l l .  Release of t h e  
p r e s s  bar  t e rmina tes  t h e  connection. A 
de lay  c i r c u i t  is  provided t o  maintain 
t h e  l i n e  connect ion dur ing  any b r i e f  
(2-second maximum) r e l e a s e  of t he  p r e s s  
b a r ,  such a s  t o  change hands. 

The aforementioned procedures a l low 
one pa r ty  t o  c a l l  another  a t  a  s p e c i f i c  
l oca t ion .  A s e p a r a t e  f e a t u r e  i s  provided 
t o  page a  person when h i s  l o c a t i o n  i s  
unknown. By d i a l i n g  a  s p e c i a l  number, a  
s e p a r a t e  a m p l i f i e r  and e l e c t r o n i c  source  
w i t h i n  t h e  i n t e r f a c e  cab ine t  a c t i v a t e  t h e  
loudspeaker a t  each MDP s t a t i o n  t o  pro- 
v ide  one-way paging communication. Such 

a  page c a l l  w i l l  be heard i n  t he  handset 
r ece ive r  by a l l  p a r t i e s  engaged i n  c a l l s  
t o ,  from, and between MDP phones, but i t  
w i l l  not i n t e r r u p t  t he se  condi t ions ;  t he  
conversa t ion  can cont inue a t  t he  con- 
c lu s ion  of t he  page. The person being 
paged, however, must d i a l  t he  person 
i n i t i a t i n g  t h e  page t o  ca r ry  on a  r egu la r  
conversat ion.  

The i n t e r f a c e  cab ine t  conta ins  a  
s e p a r a t e  f a i l - s a f e  system t o  maintain 
communications i n  t h e  event  of an acc i -  
d e n t a l  d i sconnec t ion  of t h e  cab le  between 
t h e  cab ine t  and t h e  telephone switch- 
board, o r  i f  t h e r e  i s  a  f a i l u r e  of t h e  
switchboard 's  power. A second c i r c u i t  
network, c o n t r o l l e d  by a  switchboard mon- 
i t o r ,  au tomat ica l ly  t i e s  a l l  of t he  
i n t e r f a c e  cards  t oge the r  i n  t h e  event of 
such f a i l u r e .  I n  t h i s  mode, two-way pag- 
i n g  and handset conversa t ion  can be 
c a r r i e d  ou t  i n  a  manner s i m i l a r  t o  t h a t  
of presentday mine page phones. A push- 
to-page but ton  i s  provided f o r  paging i n  
t h i s  mode, wi th  each phone having i t s  own 
b a t t e r y  t o  provide power f o r  both normal 
and t h i s  alternate-mode operat ion.  

A b i l i t y  t o  d i a l  ou t s ide  ca l l s - -  
inc lud ing  d i r e c t - d i a l  long-dis tance 
calls--and t o  rece ive  s i m i l a r  c a l l s  i s  
l i m i t e d  only by the  telephone switch- 
board. That i s ,  an kDP phone s t a t i o n  can 
be used t o  d i a l  any te lephone o r  r ece ive  
any incoming c a l l  t h a t  a  convent ional  
te lephone connected t o  t he  same l i n e  
could handle. 

Am10 Mine I 

Mine Descr ip t ion  

Mine I is  a  s i l v e r  mine c e n t r a l l y  
l oca t ed  i n  t h e  Couer d'Alene mining d i s -  
t r i c t  i n  Idaho. The mine was f i r s t  
opened i n  1884 and p re sen t ly  employs over  
500 persons,  400 of whom work under- 
ground. Main access  t o  t h e  mine i s  
through a  200-foot-long a d i t  t o  s h a f t  A 
a t  t h e  western edge of t h e  mine. A miner 
proceeds down t h a t  s h a f t  t o  t h e  3100 and 
3700 l e v e l s  and then  eastward through 
5,000-foot-long d r i f t s  t o  s h a f t  B,  which 
i s  c o l l a r e d  a t  t he  3,100-foot l eve l .  



Miners must then go down t h a t  s h a f t  t o  
t h e  a c t i v e  working l e v e l s  ( f i g .  A-5). 

Sha f t  B i s  bottomed j u s t  below t h e  
6,000-foot l e v e l .  Ore i s  being produced 
on t h e  4000, 4200, 4400, 4600, 4800, 
4000, 5200, and 5400 l e v e l s .  Level 
development i s  i n  progress  on t h e  
5600 l e v e l ,  and s h a f t  s t a t i o n  development 
i s  i n  progress  on t h e  5800 l e v e l .  

The A and R s h a f t s  a r e  each provided 
w i t h  electr ic-powered double-drum h o i s t s  
and electr ic-powered single-drum chippy 
h o i s t s .  The double-drum h o i s t s  on both 
s h a f t s  a r e  used p r imar i l y  f o r  hau l ing  o r e  
and waste  ma te r i a l s .  The chippy h o i s t  on 
s h a f t  A i s  used f o r  moving men and 
m a t e r i a l s  t o  a l l  l e v e l s  a s  f a r  down a s  
t h e  4000 l e v e l  and f o r  h o i s t i n g  o re  from 
t h e  4000 l e v e l  t o  t h e  3100 l e v e l .  The 
s h a f t  B chippy h o i s t  i s  on t h e  3700 l e v e l  
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FIGURE A-5. - Mine I, mine map. 

and is  equipped wi th  a  four-deck man cage 
wi th  a  t o t a l  c apac i ty  of 48 men. It 
i s  used f o r  s e r v i c i n g  a l l  l e v e l s  below 
3700. 

Airflow f o r  t h e  mine i s  dependent 
upon pressures  developed by fans  l oca t ed  
underground ( s e r i e s  v e n t i l a t i o n ) .  A l l  of 
t h e  i n t a k e  a i r  f o r  v e n t i l a t i o n  of t h e  
mine i s  coursed down s h a f t  A t o  t h e  3100 
and 3700 l e v e l s .  The a i r  i s  s p l i t  
between t h e s e  two l e v e l s  and t r a v e l s  l a t -  
e r a l l y  t o  s h a f t  B. The a i r  i s  then 
forced  down t h e  s h a f t  B t o  t h e  lower lev-  
e l s .  The r e t u r n  a i r  f lows back through 
ven t : i l a t i on  r a i s e s  and exhaust  airways t o  
t h e  sur face .  

The o r e  d e p o s i t s  occur a s  long,  gen- 
e r a l l y  narrow ve ins  conta in ing  s u l f i d e s  
of s : i lver ,  copper, l e ad ,  and antimony i n  
a  carbonate  qua r t z  gangue. The ve in  d i p s  
range from 45' t o  90° and a r e  gene ra l l y  
t o  tlne south. S t r i k e  lengths  on the  
major o r e  shoots  range up t o  a  known max- 
imum of 2,200 f e e t  and a r e .  normally ex- 
ceeded twofold o r  t h r e e f o l d  v e r t i c a l l y  
a long t h e  d i p  of t h e  s t r u c t u r e .  The 
t r u e  ve in  width v a r i e s  considerably 
but  gene ra l l y  averages between 2  and 
5  f e e t ,  

The s t e e p l y  dipping f i s s u r e  ve ins  
a r e  mined by t h e  h o r i z o n t a l  c u t  and sand- 
f i l l  method by e i t h e r  b r e a s t i n g  down o r  
back s toping.  Stopes a r e  developed a  
maximum of 100 f e e t  a long t h e  s t r i k e  of 
t h e  vein.  Level i n t e r v a l s  a r e  200 f e e t .  
A r a i s e  c l imber  i s  used t o  d r i v e  t h e  
6- by 6-foot r a i s e s  between l e v e l s .  

A l l  underground t r a n s p o r t a t i o n  i s  
accomplished us ing  e i t h e r  t h e  h o i s t s  o r  
battery-powered locomotives on narrow- 
gage t r acks .  The mined o re  i s  t rans-  
por ted  t o  a  muck pocket on t h e  a s soc i a t ed  
haulage l e v e l .  This  o r e ,  o r  muck a s  i t  
i s  c a l l e d ,  i s  then  dumped onto  t h e  
s h a f t  B h o i s t  s k i p s  and t r anspo r t ed  t o  
t h e  3100 l e v e l .  The muck i s  then t r ans -  
por ted  by locomotive t o  s h a f t  A and 
ho i s t ed  3,100 f e e t  t o  t h e  headframe s t o r -  
age bins .  

Surface f a c i l i t i e s  inc lude  an o f f i c e  
a rea , ,  warehouse e l e c t r i c  shop, machine 
shop ,  h o i s t  and compressor house, garage,  



c a r p e n t e r  shop,  mine and m i l l  changehouse 
f o r  employees,  d i s p e n s a r y ,  and t a i l i n g  
ponds. Eng ineer ing  pe r sonne l  a r e  a l s o  
l o c a t e d  a t  t h e  mine t o  p rov ide  f a c i l i t y  
p l a n n i n g  and b e t t e r  c o n t r o l  p r o g r e s s  of 
t h e  mining o p e r a t i o n s .  

P r e s e n t  Mine Communications 

The t e l ephone  p e r m i s s i b i l i t y  r e -  
qu i rements  a r e  n o t  a p p l i c a b l e  t o  meta l  
and nonmetal mines such a s  t h i s  mine. 
A high-dc v o l t a g e  on t h e  c a r r i e r  p a i r ,  
a l t h o u g h  a  p o t e n t i a l  s a f e t y  problem, i s  
of much l e s s  s e v e r i t y  i n  a  me ta l  o r  non- 
m e t a l  mine. T h e r e f o r e ,  an  Anaconda S6A 
sys tem was i n s t a l l e d  t o  p rov ide  t e l ephone  
s e r v i c e  underground. 

The Anaconda S6A is  a  seven-channel,  
f r equency  d i v i s i o n  m u l t i p l e x  system. The 
f o l l o w i n g  i t ems  a r e  worth  n o t i n g  i n  
r e g a r d  t o  i t s  s u i t a b i l i t y  f o r  mine 
a p p l i c a t i o n s :  

1. The sys tem prov ides  a  s u i t a b l e  
number of channe l s  ( seven)  on a  s i n g l e  
w i r e  p a i r .  

2. The mechanical  and environmental  
s p e c i f i c a t i o n s  i n d i c a t e  t h e  a b i l i t y  t o  
o p e r a t e  under t h e  s e v e r e  c o n d i t i o n s  found 
i n  t h e  mine. 

3. The sys tem a l l o w s  -branches t o  
i n d i v i d u a l  conven t iona l  d i a l  t e l e p h o n e s  
a t  any p o i n t  on t h e  system. 

4. Remote u n i t s  ( a t  t h e  t e l e p h o n e s )  
have b a t t e r i e s  t h a t  a r e  t r i c k l e - c h a r g e d  
o v e r  t h e  wi re  p a i r .  Th i s  e n a b l e s  t h e  
sys tem t o  be f r e e s t a n d i n g  and no t  con- 
n e c t e d  t o  110-volt power underground. 

5. C a r r i e r  l e v e l s  r e q u i r e  no 
a d j u s t m e n t ,  a s  t h e  sys tem has  au tomat ic  
g a i n  c o n t r o l  c i r c u i t r y .  

The Anaconda S6A system i s  des igned 
t o  i n t e r f a c e  a  c e n t r a l  o f f  i c e  a t  one end 
and c o n v e n t i o n a l  t e l ephones  a t  t h e  o t h e r .  
It was des igned a s  a  t r a n s p a r e n t  sub- 
s t i t u t e  f o r  copper p a i r s  connec t ing  t h e  
t e l e p h o n e  company o f f i c e  t o  s u b s c r i b e r  
t e l ephones .  To perform i t s  s i g n a l i n g  

f u n c t i o n s ,  t h e  sys tem r e c e i v e s  c e n t r a l  
o f f i c e  s i g n a l s  a t  one end (such a s  t h e  
r i n g i n g  v o l t a g e  g e n e r a t e d  by t h e  c e n t r a l  
o f f i c e  t o  r i n g  t h e  t e l e p h o n e s )  and repro-  
duces  them a t  t h e  o t h e r  end ( i t  remotely  
g e n e r a t e s  r i n g i n g  v o l t a g e s  t o  r i n g  t h e  
b e l l s  a s  needed).  Conversely ,  t h e  sys tem 
can r e c e i v e  only  d i a l  p u l s e s  from t h e  
t e l e p h o n e  end,  which i t  p a s s e s  t o  t h e  
c e n t r a l  o f f i c e .  When used i n  t h i s  way, 
t h e  sys tem i s  a  t r a n s p a r e n t  s u b s t i t u t e  
f o r  copper p a i r s ;  t h a t  i s ,  u s e r s  cannot 
t e l l  whether t h e  S6A system o r  copper 
p a i r s  a r e  being used. 

The c e n t r a l  s w i t c h i n g  f u n c t i o n  of 
t h e  phone system i s  handled by a  s m a l l  
p r i v a t e  branch exchange. System r e q u i r e -  
ments were c a r e f u l l y  examined b e f o r e  
choosing a  l o c a t i o n  f o r  t h i s  PBX. A 
s p a r e  s i n g l e  t w i s t e d  p a i r  was a v a i l a b l e  
from t h e  s h a f t  A s u r f a c e  t o  deep w i t h i n  
t h e  mine. Any a d d i t i o n a l  w i r i n g  i n  t h e  
s h a f t s  was t o  be avoided.  An a i r -  
c o n d i t i o n e d  room was a v a i l a b l e  i n  t h e  
s h a f t  B a r e a  a t  t h e  3,700-foot l e v e l  t h a t  
met a l l  environmental  r equ i rements  of t h e  
PBX. A d d i t i o n a l l y ,  t h i s  l o c a t i o n  was 
approximate ly  c e n t e r e d  w i t h  r e s p e c t  t o  
t h e  number of t e l ephones  d e s i r e d  i n  t h e  
system. The s i n g l e  t w i s t e d  p a i r  was 
opened a t  t h i s  p o i n t ,  the reby  forming two 
independent  wi re  p a i r s .  C a r r i e r  termi-  
n a l s  were t h e n  i n s t a l l e d  on each p a i r ,  
and t h e s e  two independent  c a r r i e r  systems 
were t h e n  connected t o  t h e  PBX c i r c u i t s .  
This  provided up t o  14 p r i v a t e  channels  
f o r  communication w i t h i n  t h e  mine. One 
channel  i n  each c a r r i e r  system was des ig -  
n a t e d  f o r  u s e  i n  a  moni to r -con t ro l  sys-  
tem. Of t h e  remaining 12 c h a n n e l s ,  5  i n  
each c a r r i e r  system a r e  used t o  connect  
phones t o  t h e  PBX, and t h e  a d d i t i o n a l  
channe l  i s  r e s e r v e d  a s  a  s p a r e .  Addi- 
t i o n a l  phones f o r  c r i t i c a l  l o c a t i o n s  and 
f u n c t i o n s  i n  t h e  3700 l e v e l  s h a f t  B a r e a  
a r e  d i r e c t l y  connected t o  PBX l i n e  c i r -  
c u i t s  t o  p rov ide  them w i t h  p r i v a t e  l i n e  
s e r v i c e .  This  minimizes t h e  p o s s i b i l i t y  
of g e t t i n g  a  busy s i g n a l  f o r  t h e s e  
phones. 

Each phone has  b a t t e r y  backup t h a t  
w i l l  a l l o w  o p e r a t i o n  f o r  24 hours.  



APPENDIX Be--FEDERAL REGULATIONS 

The fo l lowing  s e c t i o n s  of t h e  U.S. It should be noted t h a t  some S t a t e s  
Code of Fede ra l  Kegula t ions ,  T i t l e  30, have enac ted  laws t h a t  f u r t h e r  regu- 
Minera l  Resources ,  Chapter 1--Mine S a f e t y  l a t e  t h e  u se  of communications, c o n t r o l ,  
and Hea l th  Adminis t ra t ion  a r e  p r e sen t ed  and rnonitoring equipment i n  underground 
t o  a s s i s t  p l anne r s  of communication sys- mines. Check S t a t e  and l o c a l  r e g u i a t i o n s  
terns i n  i n s u r i n g  t h a t  a l l  requirements  before  proceeding w i th  t h e  i n s t a l l a t i o n  
a r e  being s a t i s f i e d .  of new o r  redesigned equipment. 

PART 57-SAFETY AND HEALTH 
STANDARDSMETAL AND NON- 
METALLIC UNDERGROUND MINES 

0 57.1 Purpose and scope. 

The regulations in this part are pro- 
mulgated pursuant to section 6 of the 
Federal Metal and Nonmetallic Mine 
Safety. Act (30 U.S.C. 725) and pre- 
scribe health and safety standards for 
the purpose of the protection of life, 
the promotion of health and safety, 
and the prevention of accidents in un- 
derground metal and nonmetallic 
mines which are subject to that Act. 
Each standard which is preceded by 
the word "Mandatory" is a mandatory 
standard. The violation of a manda- 
tory standard will subject an operator 
to an order or notice under section 8 
of the Act (30 U.S.C. 727). Those regu- 
lations in each subpart appearing 
under the heading "General-Surface 
and Underground" apply both to the 
underground and surface operations of 
underground mines; those appearing 
under the heading "Surface Only" 
apply only to the surface operations of 
underground mines: those appearing 
under the heading "Underground 
Only" apply only to the underground 
operations of underground mines. 

9 57.1 1 Travelways and escapeways. 

T R A ~ W A Y S  

GEIVERAL-SURFACE AND UNDERGROUND 

57.11-54 Mandatory. Telephone or other 
voice communication shall be provided be- 
tween the surface and refuge chambers and 
such systems shall be independent of the 
mine power supply. 

0 57.18 Safety programs. 

GENERAL-SURFACE AND UNDERGROUND 

57.18-12 Mandatory. Emergency tele- 
phone numbers shall be posted a t  appropri- 
ate telephones. 

57.18-13 Mandatory. A suitable cornmu- 
nication system shall be provided a t  the 
mine to obtain assistance in the event of an 
emergency. 

0 57.19 Man hoisting. 

57.19-55 Mandatory. When a manually 
operated hoist is used, a qualified hoistman 
shall remain within hearing of the tele- 
phone or signal device a t  all times while any 
person is underground. 



57.19-90 Mandatory. There shall be a t  
least two effective approved methods of sig- 
naling between each of the shaft stations 
and the hoist room, one of which shall be a 
telephone or speaking tube. 
57.19-91 Mandatory. Hoist operators 

shall accept hoisting instructions only by 
the regular signaling system unless it is out 
of order. In such an event, and during other 
emergencies, the hoist operator shall accept 
instructions to direct movement of the con- 
veyances only from authorized persons. 
57.19-92 Mandatory. A method shall be 

provided to signal the hoist operator from 
cages or other conveyances a t  any point in 
the shaft. 
57.19-93 Mandatory. A standard code of 

hoisting signals shall be adopted and used 
a t  each mine. The movement of a shaft con- 
veyance on a "one bell" signal is prohibited. 
57.19-94 Mandatory. A legible signal code 

shall be posted prominently in the hoist 
house within easy view of the hoistmen, and 
a t  each place where signals are given or re- 
ceived. 
57.19-95 Mandatory. Hoisting signal de- 

vices shall be positioned within easy reach 
of persons on the shaft bottom or constant- 
ly attended by a person stationed on the 
lower deck of the sinking platform. 
57.19-96 Mandatory. Any person respon- 

sible for receiving or giving signals for cages, 
skips, and mantrips when men or materials 
are being transported shall be familiar with 
the posted signaling code. 

B 57.20 Miscellaneous. 

57.21-1 Mandatory. A mine shall be 
deemed gassy, and thereafter operated as a 
gassy mine, if: 

(a)  The State in which the mine is located 
classifies the mine as gassy; or 

(b) Flammable gas emanating from the 
orebody or the strata surrounding the ore- 
body has been ignited in the mine; or 

(c) A concentration of 0.25 percent or 
more, by air analysis, of flammable gas ema- 
nating only from the orebody or the strata 
surrounding the orebody has been detected 
not less than 12 inches from the back, face. 
or ribs in any open workings; or 

(dl The mine is connected to a gassy mine. 
57.21-2 Mandatory. .Flammable gases de- 

tected only while unwatering mines or 
flooded sections of mines or during other 
mine reclamation operations shall not be 
used to permanently classify a mine gassy. 
During such periods that any flammable gas 
is present in the mine, the affected areas of 
the mine shall be operated in accordance 
with appropriate standards in this Section 
57.21. 

VENTILATION 

57.21-20 Mandatory. Main fans shall be: 

(f)  Provided with an automatic signal 
device to give warning or alarm should the 
fan system malfunction. The signal device 
shall be so located that it can be seen or 
heard by a responsible person at all times 
when persons are underground. 

57.20-32 Mandatory. Telephones or other 
two-way communication equipment with 
instructions for their use shall be provided 
for communication from underground oper- 
ations to the surface. 
134 F'R 12517, July 31, 1969, as amended a t  
35 FR 3677, Feb. 25, 1970: 42 FR 29424, June 
8, 1977; 42 FR 57044. Oct. 31, 1977; 44 FR 
31919, June 1, 1979; 44 F'R 48535, Aug. 17, 
19791 

§ 57.21 Gassy mines. 
Gassy mines shall be operated in accord- 

ance with all mandatory standards in this 
part. Such mines shall also be operated in 
accordance with the mandatory standards 
in this section. The standards in this section 
apply only to underground operations. 

57.21-29 Mandatory. Booster fans shall 
be: 

(a)  Provided with an automatic signal 
device to give warning or alarm should the 
fan system malfunction. The signal device 
shall be so located that it can be seen or 
heard by a responsible person a t  all times 
when persons are underground. 

(b) Equipped with a device that automati- 
cally deenergizes the power in affected 
active workings should the fan system mal- 
function. 

tc) Provided with air locks, the doors of 
which open automatically should the fan 
stop. 

(dl Equipped with two sets of controls ca- 
pable of starting. stopping, and reversing, 
the fans. One set of controls shall be located 
a t  the fans. A second set of controls shall be 
a t  another location remote from the fans. 



PART 75-MANDATQRY SAFETY 
STANDARDS-UNDERGROUND 
COAL MINES 

§ 75.321 Stoppage of fans, plans. 

[STATUTORY PROVISIONS] 

Each operator shall adopt a plan on 
or before May 29, 1970, which shall 
provide that  when any mine fan stops, 
immediate action shall be taken by the 
operator or his agent (a )  to withdraw 
all persons from the working sections, 
(b)  to cut off the power in the mine in 
a timely manner, (c) to provide for res- 
toration of power and resumption of 
work if ventilation is restored within a 
reasonable period as set forth in the 
plan after the working places and 
other active workings where methane 
is likely to accumulate are reexamined 
by a certified person to determine if 
methane in amounts of 1.0 volume per 
centum or more exists therein, and (dl 
to provide for withdrawal of all per- 
sons from the mine if ventilation 
cannot be restored within such reason- 
able time. The plan and revisions 
thereof approved by the Secretary 
shall be set out in printed form and a 
copy shall be furnished to the Secre- 
tary or his authorized representative. 

9 75.508-1 Mine tracks. 

When mine track is used as a con- 
ductor of a trolley system, the location 
of such track shall be shown on the 
map required by 8 75.508, with a nota- 
tion of the number of rails and the 
size of such track expressed in pounds 
per yard. 

§ 75.516-2 Communication wires and 
cables; installation; insulation; support. 

(a )  All communication wires shall be 
supported on insulated hangers or in- 
sulated J-hooks. 

(b) All communication cables shall 
be insulated as required by 5 75.517-1, 
and shall either be supported on insu- 
lated or uninsulated hangers or J- 
hooks, or securely attached to messen- 
ger wires, or buried, or otherwise pro- 
tected against mechanical damage in a 
manner approved by the Secretary or 
his authorized representative. 

(c) All communication wires and 
cables installed in track entries shall, 
except when a communication cable is 
buried in accordance with paragraph 
(b)  of this section, be installed on the 
side of the entry opposite to trolley 
wires and trolley feeder wires. Addi- 
tional insulation shall be provided for 
communication circuits a t  points 
where they pass over or under any 
power conductor. 

(dl For purposes of this section. com- 
munication cable means two or more 
insulated conductors covered by an ad- 
ditional abrasion-resistant covering. 
C38 F R  4975, Feb. 23, 19731 

§ 75.517 Power wires and cables; insula- 
tion and protection. 

Power wires and cables, except trol- 
ley wires, trolley feeder wires, and 
bare signal wires, shall be insulated 
adequately and fully protected. 

9 75.517-1 Power wires and cables; insula- 
tion and protection. 

Power wires and cables installed on 
or after March 30. 1970, shall have in- 
sulation with a dielectric strength at  
least equal to the voltage of the cir- 
cui t. 

0 75.521 Lightning arresters; ungrounded 
and exposed power conductors and 
telephone wires. 

Each ungrounded, exposed power 
conductor and each ungrounded, ex- 
posed telephone wire that  leads under- 
ground shall be equipped with suitable 
lightning arresters of approved type 
within 100 feet of the point where the 
circuit enters the mine. Lightning ar- 
resters shall be connected to a low 
resistance grounding medium on the 
surface which shall be separated from 
neutral grounds by a distance of not 
less than 25 feet. 
C38 FR 4975, Feb. 23, 19731 



9 75.701-4 Grounding wires; capacity of 
wires. 

Where grounding wires are used to 
ground metallic sheaths, armors, con- 
duits, frames, casings, and other me- 
tallic enclosures, such grounding wires 
will be approved if: 

(a) The cross-sectional area (size) of 
the grounding wire is at least one-half 
the cross-sectional area (size) of the 
power conductor where the power con- 
ductor used is No. 6 A.W.G., or larger. 

(b) Where the power conductor used 
is less than No. 6 A.W.G., the cross- 
sectional Erea (size) of the grounding 
wire is equal to the cross-sectional 
area (size! of the power conductor. 

575.1003-1 Other requirements for guard- 
ing of trolley wires and trolley feeder 
wires. 

-%:!equate precaution shall be taken 
i;o insure that equipment being moved 
along haulageways will not come in 
contact with trolley wires or trolley 
feeder wires. 

5 75.1003-2 Requirements for movement 
OF off-track mining equipment in areas 
of active workings where energized 
trolley wires or trolley feeder wires are 
present; pre-movement requirements; 
certified and quelified person-.. 

and such electric power can be sup- 
plied only from inby the equipment 
being moved or transported, power 
may be supplied from inby such equip- 
ment provided a miner with the means 
to cut off the power, and in direct 
communication with persons actually 
engaged in the moving or transporting 
operation, is stationed outby the 
equipment being moved. 

(2) The settings of automatic circuit 
interrupting devices used to provide 
short circuit protection for the trolley 
circuit shall be reduced to not more 
than one-half of the maximum cur- 
rent that could flow if the equipment 
being moved or transported were to 
come into contact with the trolley 
wire or trolley feeder wire; 

(3)  At all times the unit of equip- 
ment is being moved or transported, a 
miner shall be stationed at the first 
automatic circuit breaker outby the 
equipment being moved and such 
miner shall be: (i) In direct communi- 
cation with persons actually engaged 
in the moving or transporting oper- 
ation, and (ii) capable of communicat- 
ing with the responsible person on the 
surface required to be on duty in ac- 
cordance with 8 75.1600-1 of this part; 

(4)  Where trolley phones are utilized 
to satisfy the requirements of para- 
graph (f )(3) of this section, telephones 
or other equivalent two-way communi- 
cation devices that can readily be con- 
nected with the mine communication 
system shall be carried by the miner 
stationed at the first automatic circuit. 
breaker outby the equipment being 
moved and by a miner actually en- 
gaged in the moving or transporting 
operation: and, 

0 75.1402 Communication between shaft 
stations and hoist room. 

( f )  A minimum vertical clearance of 
12 inches shall be maintained between 
the farthest projection of the unit of 
equipment which is being moved and 
the energized trolley wires or trolley 
feeder wires at all times during the 
movement or transportation of such 
equipment; provided, however, that if 
the height of the coal seam does not 
permit 12 inches of vertical clearance 
to be so maintained, the following ad- 
ditional precautions shall be taken: 

(l)(i) Except as provided in para- 
graph (f)(l)(ii) of this secti~n electric 
power shall be supplied to the trolley 
wires or trolley feeder wires only from 
outby the unit of equipment being 
moved or transported. (ii) Where 
direct current electric power is used 

There shall be at least two effective 
methods approved by the Secretary of 
signaling between each of the shaft 
stations and the hoist room, one of 
which shall be a telephone or speaking 
tube. 

0 75.1402-1 Communication between shaft 
stations and hoist room. 

One of the methods used to commu- 
nicate between shaft stations and the 
hoist room shall give signals which can 
be heard by the hoisting engineer at 
all times while men are underground. 



Q 75.1402-2 Tests of signaling systems. 
Signaling systems used for communi- 

cation between shaft stations and the 
hoist room shall be tested daily. 

Subpart Q-Communications 

Q 75.1600 Communications. 

Telephone service or equivalent two- 
way communication facilities, ap- 
proved by the Secretary or his author- 
ized representative, shall be provided 
between the surface and each landing 
of main shafts and slopes and between 
the surface and each working section 
of any coal mine that is more than 100 
feet from a portal. 

§ 75.1600-1 Communication facilities; 
main portals; installation require- 
ments. 

A telephone or equivalent two-way 
communication facility shall be locat- 
ed on the surface within 500 feet of ali 
main portals, and shall be installed 
either in a building or in a box-like 
structure designed to protect the facil- 
ities from damage by inclement weath- 
er. At least one of these communica- 
tion facilities shall be at  a location 
where a responsible person who is 
always on duty when men are under- 
ground can hear the facility and re- 
spond immediately in the event of an 
emergency. 
C38 Fa 29999, Oct. 31,19731 

§ 75.1600-2 Communication facilities; 
working sections; installation and 
maintenance requirements; audible or 
visual alarms. 

(a) Telephones or equivalent two- 
way communication facilities provided 
at  each working section shall be locat- 
ed not more than 500 feet outby the 
last open crosscut and not more than 
800 feet from the farthest point of 
penetration of the working places on 
such section. 

(b) The incoming communication 
signal shall activate an audible alarm, 
distinguishable from the surrounding 
noise level, or a visual alarm that can 
be seen by a miner regularly employed 
on the working section. 

tc) Tf a communication system other 
than ~elephones is used and its oper- 
ation ae:~ends entirely upon power 
from the mine electiic system, means 
shall be provided to permit continued 
communication in the event the mine 
electric power fails or is cut off; pro- 
vided, however, that where trolley 
phones and telephones are both used, 
an alternate source of power for the 
trolley phone system is not required. 

td) Tra4111ey phonzs connected to the 
trolley wire shall be grounded in ac- 
cordance with Subpart H of this part. 

te) Tel2phones or equivalent two- 
way cm-dlmunication facilities shall be 
maintained in good operating condi- 
tion at all times. In the event of any 
failure in the systern that results in 
loss of communication, repairs shall be 
started immediately, and the system 
restored to operating conditian as soon 
as possible. 
138 FR 29999, Oct. 31. 19731 

§ 75.1713--2 Emergency co~mmunications; 
requirements. 

ta) Each operator of an underground 
coal mine shall est~,blish and maintain 
a communication system from the 
mine to the nearest point of medical 
assistance for use in an emergency. 

t b The emergency cornmunication 
system required to be maintained 
under paragraph (a) of this $75.1713-2 
may be established by telephone or 
radio transmission or by any other 
means of prompt cornmunication to 
any facility (for example, the local 
sheriff, the State highway patrol, or 
local hospitd) which has available the 
means of cormunication with the 
person or persons providing emergen- 
cy medical assistance or transporta- 
tion in accordai~ce with the provisions 
of $ 75.1713-1. 



APPENDIX C.--EQUIPMENT SUPPLIERS 

Pager  Phones (And Assoc ia ted  Equipment) 

Appalachian E l e c t r o n i c s  
801 West Monroe Ave. 
Roncever te ,  WV 24970 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

CSE Mine S e r v i c e  Co. 
600 Seco Rd. 
Monroev i l l e ,  PA 15146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

FEMCO (See Nat iona l  Mine S e r v i c e  Co.) 

Gai-Tronics Corp. 
P.O. Box 31-T 
Reading,  PA 19603 

H a r r i s o n  K. Cooper Systems, Inc .  
AME Box 22014 
S a l t  Lake C i t y ,  UT 84122 

JABCO (See Schroeder  Bro thers  Corp.) 

Mine S a f e t y  Appl iances  Co. 
600 Penn Cente r  Blvd. 
P i t t s b u r g h ,  PA 15235 

N a t i o n a l  Mine S e r v i c e  Co. 
4900/600 Grant S t .  
P i t t s b u r g h ,  PA 15219 

~ r e i s e r / M i n e c o  
Jones  & O l i v e r  S t s .  
S t .  Albans ,  WV 25177 

Pyott-Bonne, Inc .  
P.O. Box 809 
TazewelL, VA 24651 

Winster  Engineer ing Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire  
United Kingdom 

C a r r i e r  Phones 

American Mine Research,  Inc .  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

CSE Mine S e r v i c e  Co. 
600 Seco Rd. 
Monroevi l le  , PA 15 146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

FEMCO (See Nat iona l  Mine S e r v i c e  Co. ) 

H a r r i s o n  R. Cooper Systems, Inc.  
AMF Box 22014 
S a l t  Lake, UT 84122 

Mine S a f e t y  Appliances Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat iona l  Mine S e r v i c e  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Hois t  Communications 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

Schroeder  B r o t h e r s  Corp. 
Nicho l  Ave. 
Box 72 
McKees Rocks, PA 15136 



FEMCO (See Nat iona l  Mine Serv ice  Co.) 

Har r i son  R. Cooper Systems, Inc. 
AMF Box 22014 
S a l t  Lake C i t y ,  UT 84122 

Mine Sa fe ty  Appliances Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat iona l  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Republic Wire and Cable 
P.O. Box 352 
F lush ing ,  NY 11352 

Winster  Engineer ing Ltd. 
Manners Ave. 
I l k e s  t on ,  Derbyshire 
United Kingdom 

PABX and Mul t ip lex  Equipment 

Anaconda Telecommunications 
305 North Muller 
Anaheim, CA 92801 

Essex Group 
800 East  Ga r f i e ld  Ave. 
Decatur ,  IL 62525 

Executone, Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

Phelps  Dodge Communication Co. 
5 Corporate Park D r .  
White P l a i n s ,  NY 10604 

Pulsecom Div. 
Harvey Hubbell ,  Inc. 
5714 Columbia Pike 
F a l l s  Church, VA 22041 

R e l i a b l e  E l e c t r i c  Co. 
11333 West Addison 
F rank l in  Park,  I L  60131 

TI1  I n d u s t r i e s ,  Inc. 
100 North Strong Ave. 
L indenhurs t ,  NY 11757 

Wins t:er Engineering Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Intercoms 

ComTrol Corp. 
500 Penna. Ave. 
I rw in ,  PA 15642 

Executone , Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

FEMCO (See Nat ional  Mine Serv ice  Co . ) . 
Mine Safe ty  Appliances Co. 
600 I?enn Center Blvd. 
P i t t s b u r g h ,  PA 15235 

Nat ional  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Wins t e r  Engineering Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Radio Pocket Pagers 

Executone, Inc. 
Dept. TR-77 
Long I s l and  C i ty ,  NY 11101 

FEMCO (See Nat ional  Mine 
Serv ice  Co.) 

General E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

Nat ional  Mine Serv ice  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

Leaky Feeder Equi~ment  

Andrew Corp. 
10500 West 153d St.  
Orland Park,  IL 60462 



Wins te r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

ComTrol Corp. 
500 Penna. Ave. 
I r w i n ,  PA 15642 

FEMCO (See Na t iona l  Mine S e r v i c e  Co.) 
Mobile Radio Equipment 

Fai rmont  Supply Co. 
Box 501 
Washington,  PA 15301 

Genera l  E l e c t r i c  Co., Mobile 
Radio  Dept. 

P.O. Box 4197 
Lynchburg, VA 24502 

Motorola  Communications & E l e c t r o n i c s  
1301 E a s t  Algonquin Rd. 
Schaumburg, IL 60196 

Lee Eng ineer ing  
2025 West Wisconsin Ave. 
Milwaukee, W I  53201 

Phe lps  Dodge Communication Co. 
5 Corpora te  Park D r .  
White P l a i n s ,  NY 10604 

Wins te r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

Closed C i r c u i t  T e l e v i s i o n  

Midwest Telecommunications Div., 
Midwest Corp. 
300 T F i r s t  Ave. 
N i t r o ,  WV 25143 

W i n s t e r  Eng ineer ing  Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbysh i re  
Uni ted  Kingdom 

Remote C o n t r o l  and Monitor Equipment 

American Mine Research,  Inc .  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

BIF Accu te l  Inc .  
1339 Lawrence D r .  
Newbury P a r k ,  CA 91320 

General  E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

General  Equipment & Manufactur ing 
CO. ,  Inc .  

3300 Fern Va l l ey  Rd. 
P.O. Box 13226 
L o u i s v i l l e ,  KY 40213 

Mag-Con, Inc.  
1626 Ter race  D r .  
S t .  P a u l ,  MN 55113 

Mine S a f e t y  Appl iances  Co. 
600 Penn Center  Blvd. 
P i t t s b u r g h ,  PA 15235 

N a t i o n a l  Mine S e r v i c e  Co. 
4900/600 Grant St .  
P i t t s b u r g h ,  PA 15219 

N o t i f i e r  of Western Penn. Inc .  
3460 Babcock Blvd. 
P i t t s b u r g h ,  PA 15237 

Pace Transducer  Co. , Div. of 
C. J. E n t e r p r i s e s  

P.O. Box 834 
Tarzana,  CA 91356 

Pulsecom Div. 
Harvey Hubbel l ,  Inc.  
5714 Columbia P ike  
F a l l s  Church, VA 22041 

Pyo t t -Bonne , I n c  . 
P.O. Box 809 
Taxewel l ,  VA 24651 

RFL I n d u s t r i e s ,  Inc.  
Boonton, N J  07005 

Stevens  I n t e r n a t i o n a l  Inc.  
P.O. Box 619 
Kennett  Square ,  PA 19348 



Winster Engineer ing Ltd. 
Manners Ave. 
I l k e s t o n ,  Derbyshire 
United Kingdom 

Environmental Sensors 

Methane : 

Mine Sa fe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Nat iona l  Mine Serv ice  Co. 
300 Koppers Bldg. 
P i t t s b u r g h ,  PA 15216 

Bacharach Instrument  Co. 
625 Alpha D r .  
P i t t s b u r g h ,  PA 15238 

CSE Mine Serv ice  Co. 
2000 Eldo Rd. 
Monroevi l le ,  PA 15146 

~ r e i s e r / M i n e c o  
Jones  and Ol iver  S t s .  
S t .  Albans, WV 25177 

Appalachian E l e c t r o n i c s  Inst ruments  
810 West Monroe Ave. 
Ronceverte,  VA 24970 

American Mine Research, Inc.  
P.O. Box 1628 
B l u e f i e l d ,  WV 24701 

Ed.mont -Wilson 
1300 Walnut St .  
Colshocton, OH 43812 

Mine Sa fe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Su.rvivair  Div. of U.S. Divers 
3323 West Warner Ave. 
Sa.nta Ana, CA 91776 

Te.ledyne Ana ly t i ca l  Inst ruments  
333 West Mission 
San Gabr i e l ,  CA 91776 

Oxidles of n i t r ogen :  

Energe t ics  Sciences 
85 Executive Blvd. 
El.msford, NY 10523 

Air flow sensors :  

Al.nor Instrument Co. 
7301 North Caldwell Ave. 
N i l e s ,  IL 60648 

J-.Tee Assoc i a t e s ,  Inc.  
31.7 Seventh Ave. SE 
Cedar Rapids,  I A  5240 1 

Taiylor Instrument 
Co~nsumer Products Div. 
Arden, NC 28704 

Atmospheric p r e s su re  : 
Carbon monoxide: 

Mine Sa fe ty  Appliances 
201 North Braddock Ave. 
P i t t s b u r g h ,  PA 15208 

Energe t ics  Sciences  
85  Executive Blvd. 
Elmsford, NY 10523 

Oxygen : 

Pace Transducer Co. , Div. of 
C. J. En te rp r i s e s  

P.O. Box 834 
Talrzana, CA 91356 

Le!eds and Northrup Co. 
Dept. MI337 
North Wales, PA 19454 

Beckman Instruments  Inc.  
3900 River Rd. 
S c h i l l e r  Park,  IL 60176 



Seismic Equipment 

Pace Transducer Co. , Div. of 
C .  J. En te rp r i s e s  

Pa 0. Box 834 
Tarzana, CA 91356 

Consul tan ts  

Arthur  D. L i t t l e ,  Inc. 
25 Acorn Park 
Cambridge, MA 02140 

Advance Mining Serv ices  
616 Beat ty  RD. I n d u s t r i a l  Court 
Monroeville,  PA 15146 

ComTrol Corp. 
500 Penna. Ave. 
I rw in ,  PA 15642 

CSE Mine Service Co. 
600 Seco Rd. 
Monroevi l le ,  PA 15146 

Fairmont Supply Co. 
Box 501 
Washington, PA 15301 

General E l e c t r i c  Co., Mobile Radio Dept. 
P.O. Box 4197 
Lynchburg, VA 24502 

Midwest Telecommunications Div., 
Midwest Corp. 

300 T F i r s t  Ave. 
N i t r o ,  WV 25143 

Mineral  Serv ices  Inc. 
1276 West Third St. 
Cleveland,  OH 44113 

Nat iona l  Coal Board 
Mining Research and Development 

Establ ishment  
Stanhope Bretby 
Burton Upon Trent  DEISOQD 
United Kingdom 

Nat iona l  Mine Service Co. 
4900/600 Grant St. 
P i t t s b u r g h ,  PA 15219 

Pyo t t -Bonne , Inc . 
P.O. Box 809 
Tazewell ,  VA 24651 

Corm Resources 
2857 Mount Vernon SE 
Cedar Rapids, I A  52403 

U.S. Bureau of Mines 
4800 Forbes Avenue 
P i t t sbu rgh ,  PA 15213 

Winster Engineering Ltd . 
Manners Avenue 
I l k e s t o n ,  Derbyshire 
United Kingdom 

F i r e  Detect ion Devices 

ADT Co. , Inc. 
155 S ix th  Ave. 
New York, NY 10013 

The Ansul Co. 
One Stanton St.  
Mar ine t te ,  W I  54143 

B. & B. E l e c t r i c  Manufacturing Co. 
Seward, PA 15954 

Gammaf l e x  Corp. 
821 Michael Faraday D r .  
Reston, VA 22070 

JABCO 
Schroeder Brothers  Corp. 
P.O. Box 72 
Nichol Ave. 
McKees Rocks, PA 15136 

McJunkin Corp. 
P.0. Boc 2473 
1400 Hansford St.  
Char les ton ,  WV 25311 

Mine Safe ty  Appliances Co. 
201 North Braddock Ave. 
P i t t sbu rgh ,  PA 15203 

Nat ional  Mine Service Co. 
3000 Koppers Bldg. 
436 Seventh Ave. 
P i t t s b u r g h ,  PA 15219 



N o t i f i e r  of Western Pennsylvania  
3283 Babcock Blvd. 
P i t t s b u r g h ,  PA 15237 

P r i e s e r  
Jones  and O l i v e r  S t s .  
S t .  Albans,  WV 25177 

Pyott-Boone, Inc .  
P.O. Box 809 
Tazewel l ,  VA 24651 

Southern Engineer ing  and Equipment Co. 
P.O. Drawer 329 
95  Third  S t . ,  NE 
G r a y s v i l l e ,  AL 35073 

Figure-8 Communication Cable 

Delphi  Wire & Cable 
700 Carpen te r s  Cross ing  
F o l c r o f t ,  PA 19032 

Generisl Cabie Corp. 
600 Reed Rd. 
Broomisll, PA 19008 

I n d u s t r i a l  Component Inc .  
342 Misdison Ave. 
S u i t e  702 
New York, NY 10017 

Okonite Co. 
100 H i l l t o p  Rd. 
Ramsey, N J  07446 



APPENDIX I). --GLOSSARY QF TERMS 

Analog 

Angst rom 

AM 

Attenuation 

Balance point 

Bandwidth 

Baseband 

Binary 

Bridge 

CATV 

Characteristic 
impedance 

co 

Cross talk 

dB 

A method of generating or transmitting information that is repl-e-- 
sented by a continuous (as opposed to digital) voltage or current 
that is proportional to the information. 

A unit of length. Usually used to measure the wavelength of light 
or other radiation. One angstrom is equal to one hundred-millionth 
of a centimeter. 

Abbreviation for "amplitude modulation." Nodulation in which the 
amplitude of the informati.on waveform modulates the amplitude of a 
carrier wave. 

The decrease in signal strength during its transmission from one 
point to another. Attenuation is usually expressed in decibels. 

In ar: electronic bridge circuit, the point at which the electrical 
resistances in both branches of the network are the same. 

The difference (in cycles per second) between the highest and lowest 
frequency components required for the adequate transmission of 
inf ormation. 

The original frequency band (before modulation) of a signal. Usu- 
ally refers to the baseband of an audio or voice signal, which is 
approximately 300 to 5,000 Hz. 

A digital numbering system with the base 2. In a binary system 
there are only two possibilities For each digit, selection, choice, 
or condition. For example, a simple switch is a binary device since 
it is either open or closed. 

An electrical bridge circuit is a network arranged so that voltage 
or current in one branch of the circuit may be measured by adjusting 
components in another branch of the circuit. 

Abbreviation for "community antenna television," commonly known as 
cable television. 

Pertaining to transmission lines. For a uniform and infinitely long 
line, it is the ratio of applied voltage to current induced at a 
given frequency. It is measured in ohms and usually designated as 
Zo. For maximum signal transfer, the Zo of a line should equal the 
Zo of a source and load. 

Abbreviation for "central office." Refers to the telephone com- 
pany's central office. 

Cross-coupling or interference between speech channels or wire 
pairs. 

Abbreviation of "decibel," a unit that represents the ratio between 
two amounts of power on a logarithmic scale. A value of + 3  dB in- 
dicates a doubling of power, while -3 dB is a halving of power. 



The normal s i g n a l  l e v e l  i n  a  pager phone i s  about 1  m i l l i w a t t  
(1 mW). The d e s i g n a t i o n  0 dBm is  used t o  i n d i c a t e  t h i s  l-mW r e f e r -  
ence  l e v e l .  Thus, + 3  dBm i s  3 dB above t h e  r e f e r e n c e  (2 mW) and 
- 3  dBm i s  3 dB below t h e  r e f e r e n c e  (0.5 mW). 

Uemodulatf.on A device  t h a t  r e c e i v e s  a  c a r r i e r  wave and r ecove r s  o r  " r econs t ruc t s "  
t h e  o r i g i n a l  vo i ce  o r  informat io-n s t g n a l  f som t h e  c a r r i e r  wave. 

DTMF Abbreviat ion f o r  "dual-tone multifrequency." A phone s i g n a l i n g  
method i n  which each  d i g i t  dialeld i s  converted t o  a  dual-tone s i g n a l  
t h a t  w i l l  be recognized by t h e  te lephone o f f i c e  o r  PABX swi tch ing  
equipment. These c o n t r o l  tones  can be heard  i n  t h e  e a r p i e c e  when 
d i a l i n g  on many pushbut ton phones. 

Electromagnet ic  Jhving both e l e c t r i c  and magnetic p r o p e r t i e s .  

Encoder 

FDM 

Feedback 

FM 

Geophone 

A u n i t  t h a t  produces coded outlput combj.nations depending upon t h e  
s p e c i f i c  i n p u t  sel -ected.  

Abbreviat ion f o r  "frequency-divis ion mul t ip lex ing .  " A process  i n  
which two o r  more s i g n a l s  a r e  s e n t  over  a  common pa th  by sending 
each  one i n  a  d i f f e r e n t  f requency band. 

I n  a  t r ansmis s ion  system, o r  e l e c t r i c a l  dev i ce ,  t h e  r e t u r n i n g  of a  
f r a c t i o n  of t h e  ou tpu t  s i g n a l  t o  t h e  i npu t .  

Abbreviat ion f o r  "frequency modulation. " Modulation i n  which t h e  
ampli tude of t h e  in format ion  waveform modulates t h e  frequency of a  
c a r r i e r  s i g n a l .  

Abbreviat ion f o r  "f requency-shif t keying. " A form of FM i n  which a  
b ina ry  code i s  t r a n s m i t t e d  by sw~!tching a c a r r i e r  s i g n a l  between two 
dj-f f e r e n t  f r equenc i e s .  

A dev ice  used t o  d e t e c t  s e i smic  v i b r a t i o n s  o r  shockwaves i n  t h e  
e a r t h .  

H a l l  e f f e c t  In  a  c.onductor l o c a t e d  i n  a  magnetic f i e l d  t h a t  i s  perpendicu la r  t o  
t h e  d i r e c t i o n  of c u r r e n t ,  t h e  produc t ion  of a  vo l t age  perpendicu la r  
t o  bo th  t h e  c u r r e n t  and t h e  magnetic f i e l d .  

Handset 

Headset. 

Hybrid 

Hz 

Impedance 

A r ece ive r - t  ransmi t t e r  h e l d  by hand. 

A r e c e i v e r - t r a n s m i t t e r  t h a t  can be a t t a c h e d  t o  t h e  person t o  a l low 
"hands-f xee" opera t ion .  

A c i r c u i t  o r  commr~nicat~.ons system t h a t  i s  made up of two o r  more 
d i s s i m i l a r  systems, 

Abbreviat ion f o r  Hertz .  A u n i t  of frequency equa l  t o  1  cyc l e  pe r  
second. 

The t o t a l  oppos i t t on  ( r eac t ance  p l u s  r e s i s t a n c e )  t h a t  a  c i r c u i t  o r  
transmisa3-on I t n e  offers t o  t h e  flow of e l e c t r i c a l  cu r r en t .  



Induc t i ve ly  
coupled 

J o u l e  h e a t i n g  

Leaky f e e d e r  

LED 

Magnetic f i e l d  

Magneto 

Mill iammeter 

Modem 

Modulator 

Monochromatic 

Mult iplexed 

PABX 

PAM 

P a r a s i t i c  
coupl ing  

PBX 

PCM 

Method of induc ing  a  s i g n a l  i n t o  one conductor o r  wi re  from ano the r  
conductor even though t h e r e  may be no mechanical connect ion between 
t h e  two conductors.  (The magnetic f i e l d  s e t  up i n  t h e  space  around 
a  conductor c a r r y i n g  a l t e r n a t i n g  c u r r e n t  w i l l  induce a  s i g n a l  i n  
o t h e r  nearby conductors . )  

I n  an  e l e c t r i c a l  c i r c u i t ,  t h e  hea t  produced by t h e  flow of c u r r e n t  
i n  t h e  c i r c u i t .  

A s p e c i a l l y  designed c o a x i a l  c ab l e  t h a t  a l lows  r a d i o  s i g n a l s  t o  l e ak  
i n t o  o r  o u t  of t h e  cab l e  s o  t h a t  they may be picked up by r ad io  
t r a n s c e i v e r s .  

Abbreviat ion f o r  " l i gh t - emi t t i ng  diode." A s o l i d  s t a t e  e l e c t r o n i c  
dev i ce  t h a t  emi t s  l i g h t  when a  c u r r e n t  f lows through it. 

The reg ion  sur rounding  a  magnet o r  a  conductor through which c u r r e n t  
i s  flowing. 

An a c  gene ra to r  f o r  producing r i n g i n g  s i g n a l s .  

An e l e c t r i c  c u r r e n t  meter c a l i b r a t e d  i n  mil l iamperes .  

A dev ice  t h a t  i s  both a  modulator and a  demodulator. A modem i s  a  
two-way dev ice  t h a t  both modulates ( t r a n s m i t s )  and r e c e i v e s  (demodu- 
l a t e s )  a  s i g n a l .  

A dev ice  t h a t  modulates a  vo ice  o r  in format ion  s i g n a l  and t r a n s m i t s  
t h e  r e s u l t i n g  c a r r i e r  wave. 

A s i g n a l  o r  beam of l i g h t  c o n s i s t i n g  of a  s i n g l e  wavelength o r  of a 
very smal l  range of wavelengths. 

The s imultaneous t ransmiss ion  of two o r  more s i g n a l s  u s ing  a  s i n g l e  
t r ansmis s ion  pa th  o r  wire.  

Abbreviat ion f o r  " p r i v a t e  au tomat ic  branch exchange." A p r i v a t e  
branch exchange i n  which au toma t i ca l l y  c o n t r o l l e d  swi tches  make con- 
n e c t i o n s  between t h e  phones i n  t h e  system. 

Abbreviat ion f o r  "pu lse  ampli tude modulation." Modulation i n  which - 

t h e  va lue  o r  ampli tude of each sample of t h e  in format ion  waveform 
modulates t h e  ampli tude of a  pu l s e  c a r r i e r .  

The coupl ing  of r a d i o  waves .or e l e c t r i c a l  s i g n a l s  from one w i r e  o r  
medium t o  ano the r  w i t h  t h e  r e s u l t  t h a t  t h e  s i g n a l  s t r e n g t h  i n  t h e  
f i r s t  conductor  i s  decreased.  

Abbreviat ion f o r  " p r i v a t e  branch exchange." A p r i v a t e  manual t e l e -  
phone exchange r e q u i r i n g  a n  ope ra to r  a t  a  switchboard t o  make con- 
n e c t i o n s  between t h e  phones. 

Abbreviat ion f o r  "pu lse  coded modulation." Modulation i n  which t h e  
va lue  o r  ampli tude of each sample of t h e  in format ion  waveform i s  
q u a n t i t i z e d  and t r a n s m i t t e d  a s  a  d i g i t a l  b inary  code. 



Abbreviat ion f o r  "pulse  du ra t i on  modulation." Modulation i n  which 
t h e  value o r  amplitude of each sample of t he  information waveform 
modulates t h e  du ra t i on ,  o r  "width," of a  pulse .  

P i e z o e l e c t r i c  The proper ty  of c e r t a i n  c r y s t a h  o r  m a t e r i a l s  t h a t  produce a  vo l tage  
when subjec ted  t o  mechanical st:ress. 

Potent iometer  An electromechanical  device with a  s l i d i n g  con tac t  on a  r e s i s t o r .  
Movement of t h e  s l i d i n g  con tac t  changes t h e  e l e c t r i c a l  r e s i s t a n c e  of 
t h e  c i r c u i t  and al lows t h e  e1ec:tronics t o  sense  t he  p o s i t i o n  of t h e  
s l i d i n g  contac t .  

PPM 

Propagat ion 

P SK 

Reactance 

RFI 

Reluctance 

Repeater  

Res is tance  

Resonate 

Simplex 

Abbreviat ion f o r  "pulse  p o s i t i o n  modulation. " Modulation i n  which 
t h e  va lue  o r  amplitude of each sample of t h e  information waveform 
modulates t he  p o s i t i o n  i n  t ime of a  pulse .  

The t r a v e l  of e lec t romagnet ic  ( r a d i o )  o r  sound waves through a  
medium. 

Abbreviation f o r  "phase s h i f t  keying." A form of FM i n  which a  
b ina ry  code is  t r ansmi t t ed  by s h i f t i n g  t h e  phase of a  c a r r i e r  
s igna l .  

The "Q" of an a c  c i r c u i t  is  t h ~ e  r a t i o  of i t s  reac tance  t o  i t s  re- 
s i s t a n c e .  The vo l t age  developed ac ros s  t h e  reac tance  i s  usable  s ig-  
n a l ,  but  t h e  vo l tage  developed ac ros s  t h e  r e s i s t a n c e  s u b t r a c t s  
from t h e  s igna l .  Thus, a  high Q i n d i c a t e s  an e f f i c i e n t ,  low-loss 
a c  c i r c u i t .  

The oppos i t ion  t o  t h e  flow of a l l t e rna t ing  cu r r en t  ( ac ) .  Capac i t ive  
r eac t ance  (Xc) is  t h e  oppos i t ion  o f f e r ed  by c a p a c i t o r s ,  and induc- 
t i v e  reac tance  (XL) is t h e  oplposition o f f e r ed  by a  c o i l  o r  o the r  
inductance.  

Abbreviat ion f o r  radiofrequency. Any frequency a t  which electromag- 
n e t i c  r a d i a t i o n  of energy ( r a d i o  waves) is  poss ib le .  

Radio frequency in t e r f e r ence .  

The r e s i s t a n c e  of a  magnetic path t o  t h e  flow of magnetic l i n e  of 
fo rce .  Aluminum has a  high r e luc t ance ;  i r o n  has a  low re luc tance .  

A dev ice  t h a t  d e t e c t s  o r  r ece ives  a  s i g n a l  and rebroadcas t s  t he  same 
s igna l .  

The oppos i t ion  t o  t h e  flow of d i r e c t  cu r r en t  (dc) .  The u n i t  of re- 
s i s t a n c e  . i s  t h e  ohm. 

To b r ing  t o  resonance; t o  tone. 

A communication system, o r  o t h e r  device,  t h a t  opera tes  i n  only one 
d i r e c t i o n  ( e i t h e r  t ransmi t  o r  r ece ive )  a t  a  time. 



2 1 2  

Sine wave The wave form corresponding to a pure, single-frequency 
oscillation. 

Abbreviation for "standing wave ratio." On a transmission line or 
antenna element the current and voltage set up by waves traveling in 
the opposite direction are characterized by the presence of a number 
of stationary maximum and minimum points in the distribution curve. 
SWR is the ratio of the maximum to minimum current or voltage of 
these stationary waves. 

Synchronize To maintain one operation (or signal) in step with another. 

Abbreviation for "time-division multiplexing." A process by which 
two or more channels of information are transmitted over the same 
link by allocating a different time interval for the transmission of 
each channel. 

Transducer A device that converts energy from one form to another. A seismic 
transducer, for instance, converts seismic shock waves into elec- 
trical signals. 

Transceiver A device that is both a transmitter and a receiver. A two-way CB 
radio is a transceiver. 

Tuned voltmeter A voltmeter that has been tuned to detect voltage levels or signal 
strengths at specific frequencies. 

UHF Ultra high frequency , 300 to 3,000 MHz 

Ultrasonic Having a frequency above that of audible sound. 

VHF 

Vortex 

Waveguide 

Abbreviation for voice frequency (same as audio frequency). The 
frequencies corresponding to speech or other audible sound wave. 

Very high frequency, 30 to 300 MHz. 

A whirlpool or eddy caused by a fluid or gas movi.ng past an 
obstruction. 

A hollow, round or rectangular pipe (or tunnel), used as a trans- 
mission line for signaling. 




