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A SHORT-RANGE LOCATOR SYSTEM FOR DETECTING TRAPPED MINERS 

By William E. Webb, R. H. Church, Walter E. Pittman, ~ r . ,  
and James R. Boyle, Jr, 2 

ABSTRACT 

A s  p a r t  of t h e  Bureau of Mines h e a l t h  and s a f e t y  r e s e a r c h  program, a  
shor t - range  l o c a t o r  sys tem,  capab le  of l o c a t i n g  miners  who have become 
t rapped  f o l l o w i n g  a  mine a c c i d e n t ,  has  been dev i sed ,  The system con- 
sists of a  l i g h t w e i g h t ,  low-power r a d i o  t r a n s m i t t e r  i n c o r p o r a t e d  i n t o  a 
m i n e r ' s  cap lamp b a t t e r y  and a  d i r e c t i o n a l  r e c e i v e r  c a r r i e d  by r e s c u e r s .  
P r o t o t y p e  t r a n s m i t t e r s  have been c o n s t r u c t e d ,  and t h e  p ropaga t ion  of 
t h e i r  s i g n a l s  has  been i n v e s t i g a t e d ,  The d e t e c t a b i l i t y  of t h e  s i g n a l  i n  
underground c o a l  mines has  a l s o  been i n v e s t i g a t e d ,  Th is  r e s e a r c h  i n d i -  
c a t e s  t h a t  a  shor t - range  l o c a t i o n  system would s e r v e  a s  an economical  
and p r a c t i c a l  means of l o c a t i n g  miners  from w i t h i n  t h e  mine f o l l o w i n g  an 
a c c i d e n t ,  

- ' p h y s i c a l  s c i e n t i s t ,  T u s c a l o o s a  R e s e a r c h  C e n t e r ,  Bu reau  o f  N i n e s ,  T u s c a l o o s a ,  AL; 
p r o f e s s o r  o f  e l e c t r i c a l  e n g i n e e r i n g ,  U n i v e r s i t y  o f  Alabama, T u s c a l o o s a ,  AL. 
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INTRO 

Experience i n  p o s t d i s a s t e r  rescue  work 
h a s  i n d i c a t e d  a need f o r  a r e l i a b l e  means 
of qu i ck ly  l o c a t i n g  t rapped  miners. This  
was p a r t i c u l a r l y  ev iden t  a f t e r  t h e  1968 
exp los ion  a t  t h e  Consol No. 9 Mine i n  
Farmington, WV, where t h e  whereabouts and 
c o n d i t i o n  of 76 men were unknown. This  
even t  prompted t h e  enactment of t h e  Coal 
Mine Hea l th  and Sa fe ty  Act of 1969. The 
t ragedy a t  Farmingt on focused n a t i o n a l  
a t t e n t i o n  upon t h e  problems of mine 
s a f e t y ,  i nc lud ing  t hose  of p o s t d i s a s t e r  
rescue.  

A t  t h e  r eques t  of t h e  Bureau of Mines, 
t h e  Nat iona l  Academy of Engineer ing 
c r e a t e d  t h e  Committee on Mine Rescue and 
Su rv iva l  Techniques t o  "conduct a s tudy  
program t o  a s s e s s  t h e  t e chno log i ca l  capa- 
b i l i t i e s  t h a t  can be a p p l i e d  t o  s u r v i v a l  
and r e scue  techniques  fo l l owing  mine 
d i s a s t e r s . "  The Bureau was p a r t i c u l a r l y  
i n t e r e s t e d  i n  t h e  p o s s i b l e  a p p l i c a t i o n  of 
new technology t o  t h e  problem of mine 
s a f e t y .  The Committee on Mine Rescue and 
Su rv iva l  made many recommendations f o r  
r e s e a r c h  i n  communications and mine r e s -  
cue. The sugges t ions  i n  r ega rd  t o  com- 
municat ion systems l e d  t o  s e v e r a l  Bureau 
programs t o  i n v e s t i g a t e  through-the-earth 
commnica t ions  and t rapped  miner l o c a t i o n  
systems. 

Most of t h e  work on e lec t romagnet ic  
l o c a t i o n  was d i r e c t e d  toward dev i s ing  
r e l a t i v e l y  long-range systems f o r  l o c a t -  
i n g  an  underground t r a n s m i t t e r  from t h e  
su r f ace .  Although t h e s e  systems would 
undoubtedly prove t o  be of g r e a t  va lue  i n  
f u t u r e  rescue  ope ra t i ons ,  they  would 
l i k e l y  have s e v e r a l  l i m i t a t i o n s :  

1. Owing t o  t h e  expense and t h e  
weight  added t o  t h e  miner 's  persona l  
equipment, i t  might not  be econom- 
i c a l l y  o r  o p e r a t i o n a l l y  f e a s i b l e  t o  
equ ip  every miner w i th  a t r a n s m i t t e r .  
Thus, t h e  a v a i l a b i l i t y  of t h e  t r a n s -  
m i t t e r  t o  t h e  t rapped  miner would be 
unce r t a in .  

2. The t rapped miner would have t o  
t a k e  some a c t i o n ,  such a s  deploying a n  
antenna,  t h a t  might be impossible  i f  t h e  
miner were i n j u r e d  o r  confined. 
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3. Since h igh ly  s p e c i a l i z e d  l o c a t i o n  
equipment would be r equ i r ed ,  i t  is  pos- 
s i b l e  t h a t  24 t o  48 h would be needed t o  

I move t h e  system t o  t h e  s i t e  of a d i s a s t e r  
and deploy it.  Because of t h e s e  l i m i t a -  
t i o n s ,  i t  i s  be l ieved  t h a t  a l i gh twe igh t ,  
inexpensive,  short - range l o c a t i o n  system 
f o r  use  underground i s  needed t o  com- 
plement t h e  long-range (underground t o  
s u r f a c e )  systems being s tud ied .  

The short - range system devised  by t h e  
Bureau c o n s i s t s  of a low-power r a d i o  
t r a n s m i t t e r  c a r r i e d  by each miner a s  an  
i n t e g r a l  p a r t  of t h e  cap lamp b a t t e r y  
pack, capable  of be ing  d e t e c t e d  by a s i m -  
p l e  r e c e i v e r  u t i l i z e d  by t h e  rescue  team. 
The t r a n s m i t t e r  ha s  a range of 100 t o  200 
f t  and would ope ra t e  con t inuous ly ,  s o  
t h a t  a c t i v a t i n g  t h e  system would r e q u i r e  
no a c t i o n  on t h e  p a r t  of t h e  t rapped  
miner. Following a d i s a s t e r ,  t h e  t r a n s -  
m i t t e r  would s e r v e  as a r a d i o  beacon t o  
he lp  rescue  personne l  and l o c a t e  t rapped  
miners under o r  behind roof f a l l s  o r  bar- 
r i c a d e s ,  o r  i n  o t h e r  i n a c c e s s i b l e  p laces .  
It is  be l ieved  t h a t  such a system would 
enhance t h e  chance of p o s t d i s a s t e r  su r -  
v i v a l  by reducing t h e  time r equ i r ed  t o  
l o c a t e  t rapped  and pos s ib ly  i n j u r e d  per-  
sonnel .  Rapid l o c a t i o n  of v ic t ims  has  
t h e  added advantage of reducing t h e  t i m e  
rescue  personne l  a r e  exposed t o  a poten- 
t i a l l y  hazardous environment. Thus, t h e  
l o c a t o r  could be a s i g n i f i c a n t  f a c t o r  i n  
enhancing t h e  s a f e t y  of t h e  rescue  team 
even i n  ca se s  where t h e  v ic t ims  f a i l e d  t o  
su rv ive  t h e  i n i t i a l  acc iden t .  

This  r e p o r t  d e s c r i b e s  t h e  des ign  and 
t e s t i n g  of a short - range radiofrequency 
l o c a t i o n  system t h a t  could be housed i n  
t h e  miner 's  cap lamp and powered from t h e  
cap lamp ba t t e ry .  The l o c a t o r  i s  i n -  
tended a s  an inexpensive add-on t o  t h e  
cap lamp and has  been designed s o  t h a t  i t  
can be r e t r o f i t t e d  i n t o  e x i s t i n g  b a t t e r y  
cases .  Questions of t e c h n i c a l  and eco- 
nomic f e a s i b i l i t y ,  worker acceptance,  and 
p e r m i s s i b i l i t y  a r e  addressed.  

An ex t ens ive  review of cu r r en t  s t a t e -  
of- the-ar t  l o c a t i o n  systems has  been com- 
p i l e d  and i s  presen ted  a s  a comprehensive 
bibl iography.  



TECHNICAL BACKGROUND 

The 1970 r e p o r t  of t h e  N a t i o n a l  Academy 
of  Engineer ing  recognized  t h a t  t h e r e  were 
two a s p e c t s  t o  t h e  problem of t r apped  
miner  l o c a t i o n .  The f i r s t  problem was t o  
l o c a t e  t h e  t r apped  miner from t h e  s u r f a c e  
s o  t h a t  r e s c u e  e f f o r t s  could  be i n i t i a t e d  
and d i r e c t e d  toward t h e  p roper  a r e a  i n  
t h e  mine. The second prob lemwas  t o  
g u i d e  r e s c u e  teams t o  t r a p p e d  o r  i n j u r e d  
miners  who might be w i t h i n  a  few f e e t  b u t  
b u r i e d  under  rock o r  obscured by smoke o r  
d e b r i s .  It was f i r s t  assumed t h a t  one 
sys tem could s e r v e  bo th  f u n c t i o n s ,  bu t  
e a r l y  work soon i n d i c a t e d  t h a t  t h e  re -  
qu i rements  f o r  t h e  two a p p l i c a t i o n s  were 
l a r g e l y  incompat ible .  The long-range 
l o c a t o r  r e q u i r e s  a  low-frequency ( k i l o -  
h e r t z )  t r a n s m i t t e r  w i t h  s u f f i c i e n t  power 
t o  be capab le  of p e n e t r a t i n g  hundreds of 
f e e t  of rock and s o i l .  The shor t - range  
l o c a t o r  should  be s m a l l  and l i g h t w e i g h t  
s o  t h a t  i t  can  be c a r r i e d  on t h e  m i n e r ' s  
pe r son ;  t h e r e f o r e ,  i t  must be low power 
and o p e r a t e  a t  a  h igh  f requency (mega- 
h e r t z ) .  It i s  c l e a r  t h a t  two s e p a r a t e  
sys tems a r e  requ i red .  

One approach t o  t h e  shor t - range  l o c a t o r  
would be t o  u s e  a  p a s s i v e  sys tem,  s i m i l a r  
t o  t h a t  used f o r  s e c u r i t y  i n  l i b r a r i e s  
and r e t a i l  s t o r e s .  The p a s s i v e  l o c a t o r  
c o n s i s t s  of an  an tenna  and a  n o n l i n e a r  
e lement ,  u s u a l l y  a  d iode  o r  f e r r o m a g n e t i c  
e lement .  The d e v i c e  i s  i r r a d i a t e d  a t  one 
f requency  bu t  because  of t h e  nonl ine-  
a r i t y ,  i s  capab le  of g e n e r a t i n g  and re -  
r a d i a t i n g  a  d i f f e r e n t  harmonic f requency.  

SHORT-RANGE LOCATOR 

The shor t - range  l o c a t o r  (SRL) i s  in -  
tended t o  s e r v e  a s  a  p e r s o n a l  beacon t o  
a i d  r e s c u e  personne l  i n  l o c a t i n g  t rapped  
miners  i n  a  p o s t d i s a s t e r  environment.  
Discuss ions  were h e l d  w i t h  Bureau, Mine 
S a f e t y  and Hea l th  A d m i n i s t r a t i o n  (MSHA), 
company, and union o f f i c i a l s  a s  t o  what 
c o n s t i t u t e s  an e f f e c t i v e  SRL. S ince  
every  miner would be provided w i t h  a n  
SRL, t h e  t r a n s m i t t e r  must be extremely 
s m a l l ,  l i g h t w e i g h t ,  and inexpensive .  
Some of t h e  f a c t o r s  cons idered  i n  t h e  
d e s i g n  of t h e  SRL were range,  f requency ,  
power s u p p l y ,  c o s t  , and worker a c c e p t a n c e  
( s i z e  and weigh t ) .  

The p a s s i v e  t r a n s p o n d e r  would be worn by 
t h e  miner. The r e s c u e  team would c a r r y  a  
t r a n s m i t t e r  and r e c e i v e r  tuned t o  t h e  
a p p r o p r i a t e  harmonic. When n e a r  a  t r a n s -  
ponder,  a  s i g n a l  would be d e t e c t e d  by t h e  
r e s c u e  team r e c e i v e r .  

During t h e  e a r l y  s t a g e s  of t h i s  p ro j -  
e c t ,  a  su rvey  was made of t h e  commer- 
c i a l l y  a v a i l a b l e  p a s s i v e  t r a n s p o n d e r s ,  s o  
t h a t  an  e x i s t i n g  commercial system could 
be modif ied f o r  u s e  underground. The 
e x i s t i n g  p a s s i v e  systems were found t o  be 
l i m i t e d  t o  ranges  of a  few f e e t  a t  most ,  
and w i t h i n  l i m i t a t i o n s  of p r a c t i c a l  s i z e  
and t r a n s m i t t e r  power, t h e  range could  
n o t  e a s i l y  be extended. It a l s o  soon 
became a p p a r e n t  t h a t  a  p a s s i v e  sys tem was 
n o t  l i k e l y  t o  be u s e f u l  i n  t h e  e l e c t r o -  
magnet ic  n o i s e  environment of a  t y p i c a l  
mine. 

An a l t e r n a t i v e  t o  t h e  p a s s i v e  t r a n s -  
ponder would be e i t h e r  a n  a c t i v e  beacon 
o r  a n  a c t i v e  t r ansponder .  The t r a n s -  
ponder would have t h e  advantage of only  
t r a n s m i t t i n g  when i t  was i n t e r r o g a t e d .  
It would t h e r e f o r e  be l e s s  of a  s o u r c e  of 
e l e c t r o m a g n e t i c  i n t e r f e r e n c e  t h a n  would a  
con t inuous ly  o p e r a t i n g  beacon. On t h e  
o t h e r  hand, t h e  t r a n s p o n d e r  would r e q u i r e  
c o n s i d e r a b l y  more complex c i r c u i t r y .  It 
was determined t h a t  t h e  advantages  of a  
t r ansponder  would n o t  j u s t i f y  t h e  add i -  
t i o n a l  s i z e  and expense ,  and t h a t  a n  
a c t i v e  beacon was t h e  most r e a l i s t i c  
t e c h n i c a l  approach. 

SYSTEM REQUIREMENTS 

RANGE 

The SRL system shou ld  be a b l e  t o  oper-  
a t e  over  a  range  of a t  l e a s t  100 f t  i n  
a i r  and through 10 o r  more f e e t  of rock.  
Th is  range would be adequa te  i n  most 
post -mine-disas ter  s c e n a r i o s  t h a t  can be 
env i s ioned .  S l i g h t l y  g r e a t e r  r anges  
might be d e s i r a b l e ;  however, t h e  range  
should n o t  be t o o  g r e a t ,  i n  o r d e r  t o  
avoid  i n t e r f e r e n c e  between d i f f e r e n t  
t r a n s m i t t e r s .  



FREQUENCY 

The ope ra t i ng  frequency of t h e  SRL i s  a 
compromise between s e v e r a l  c o n s t r a i n t s .  
I n  g e n e r a l ,  lower f r equenc i e s  p ropaga te  
b e t t e r  through t h e  ground but  r e q u i r e  
l a r g e r ,  heav i e r  u n i t s .  High-f requency 
t r a n s m i t t e r s  have t h e  advantage of u s ing  
s m a l l e r  components and r e q u i r i n g  s h o r t e r  
an t ennas ,  thereby a l lowing  u se  of t h e  cap 
lamp cord a s  an antenna. Another f a c t o r  
t o  be considered i s  t h a t  a t  c e r t a i n  f r e -  
quenc ies  t h e  mine t unne l s  may a c t  a s  
d i e l e c t r i c  wave guides .  The determina- 
t i o n  of t h e  optimum frequency of opera- 
t i o n  was one of t h e  o b j e c t i v e s  of t h i s  
p r o j e c t .  

POWER SUPPLY 

A s  designed,  t h e  SRL i s  powered by 
and i nco rpo ra t ed  i n t o  t h e  miner ' s  cap 
lamp b a t t e r y .  This  i s  d e s i r a b l e  s i n c e  
a s e p a r a t e  power source  would more 
t h a n  double t h e  weight of t h e  t r ans -  
mitter. Also,  u s ing  t h e  cap lamp b a t t e r y  
e l i m i n a t e s  t h e  maintenance r equ i r ed  t o  
keep a s e p a r a t e  b a t t e r y  charged o r  pe r i -  
o d i c a l l y  replaced.  The lamp b a t t e r y  i s  
always f u l l y  charged a t  t h e  beginning 
of  each  s h i f t .  It should be noted t h a t  
t h e  power consumed by t h e  SRL w i l l  be 
n e g l i g i b l e  compared w i th  t h a t  used 
by t h e  cap lamp and, t h e r e f o r e ,  w i l l  
no t  s i g n i f i c a n t l y  reduce t h e  l e n g t h  of 
t ime t h a t  t h e  lamp w i l l  ope ra t e  between 
recharg ings  . 

DESIGN OF T 

SRL t r a n s m i t t e r s  were cons t ruc t ed  t o  
o p e r a t e  a t  660 kHz, 27 MHz, 45 MHz, 50 
MHz, and 60 MHz. 

The 660-kHz t r a n s m i t t e r  ( u n i t  1) i s  
shown schemat ica l ly  i n  f i g u r e  1, It em- 
ployed a s i n g l e  2N222 t r a n s i s t o r  a s  an 
i n d u c t i v e l y  coupled o s c i l l a t o r  and a 
s i ng l e - s t age  power amp l i f i e r .  The o s c i l -  
l a t o r  was ampli tude modulated by switch- 
i n g  i t s  c o l l e c t o r  supply w i th  t h e  555 
t imer  ( i n t e g r a t e d  c i r c u i t  (1C)-2). The 
o r i g i n a l  t r a n s m i t t e r  produced a s teady  
audio  tone  a t  940 Hz, Ear ly  t e s t s  showed 
t h a t  t h e  s t eady  tone  was no t  e a s i l y  
d e t e c t e d  and could be confused w i th  t h e  

The main d i sadvantage  of u s i n g  t h e  cap 
lamp b a t t e r y  i s  t h a t  i t  r e q u i r e s  t h e  
t r a n s m i t t e r  t o  o p e r a t e  on 4-112 V. While 
t h i s  i s  no t  an insurmountable  o b s t a c l e ,  a 
s l i g h t l y  h ighe r  v o l t a g e  would s i m p l i f y  
c i r c u i t  design. 

COST 

Since each miner would be equipped w i th  
an SRL t r a n s m i t t e r ,  i t  i s  necessary t h a t  
they be inexpensive.  Here aga in  t h e  u se  
of t h e  cap lamp b a t t e r y  e l i m i n a t e s  t h e  
expense of bo th  a second b a t t e r y  and a 
s e p a r a t e  case.  It was es t imated  t h a t  an 
SRL t r a n s m i t t e r  could be i nco rpo ra t ed  
i n t o  a cap lamp a t  approximately $10 
a d d i t i o n a l  c o s t  f o r  each  u n i t ,  based upon 
component c o s t  and c i r c u i t r y .  

WORKER ACCEPTANCE 

The SRL would be very sma l l  and l i g h t -  
weight s o  a s  no t  t o  encumber t h e  miner 
wi th  a d d i t i o n a l  equipment. The pro to type  
SRL weighed 67 g ;  i t  was implemented w i th  
d i s c r e t e  components and could be repack- 
aged i n t o  a much s m a l l e r  i n t e g r a t e d  c i r -  
c u i t .  I nco rpo ra t i ng  t h e  SRL i n t o  t h e  cap 
lamp b a t t e r y  pack would no t  make t he  
miner aware of i t s  presence.  The u n i t  
would o p e r a t e  con t inuous ly  and would 
r e q u i r e  no a c t i o n  on t h e  p a r t  of t he  
miner. This  would avoid t h e  p o s s i b i l i t y  
of a worker 's  f o r g e t t i n g  t o  t u r n  on t h e  
u n i t  when going underground o r  of i t s  
being tu rned  o f f  a c c i d e n t a l l y .  

RANSMITTERS 

bea t  no t e  t h a t  r e s u l t e d  when t h e  r e c e i v e r  
was tuned s l i g h t l y  o f f  a d i s t a n t  s t a t i o n .  
A second 555 t imer  (IC-1) was t h e r e f o r e  
used t o  modulate IC-2, This  c i r c u i t  pro- 
duced a wavering tone  t h a t  switched 
between 235 and 940 Hz a t  a r a t e  of about  
0,6 Hz, This  t one  proved t o  be q u i t e  
easy  t o  d e t e c t  aud ib ly  and could no t  be 
confused w i t h  any t y p e  of i n t e r f e r e n c e ,  

The 27-MHz t r a n s m i t t e r  ( u n i t  2) i s  
shown i n  f i g u r e  2, It employed two 
ECG222 f i e l d  e f f e c t  t r a n s i s t o r s  (FET1s),  
one a s  a c r y s t a l - c o n t r o l l e d  o s c i l -  
l a t o r  and t h e  o t h e r  a s  an e m i t t e r  f o l -  
lower t o  d r i v e  t h e  antenna,  The antenna 
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FIGURE 1. - Schematic representing 660-kHz 
AM transmitter (uni t  1). 

Fl GURE 2. - Schematic representing 27-MHz 

was a  wire  approximately 6  f t  long. I n  
t h i s  c i r c u i t ,  t h e  two 555 t imers  were 
rep laced  wi th  a  s i n g l e  556 dua l  t imer.  
It was found t h a t  performance was i m -  
proved by ope ra t i ng  t h e  o s c i l l a t o r  from a  
cons tan t  supply and modulating t h e  
e m i t t e r  fol lower.  A swi tch ing  arrange- 
ment was provided s o  t h a t  e i t h e r  t h e  
wavering tone o r  an  unmodulated c a r r i e r  
could be t ransmi t ted .  

A second 27-MHz t r a n s m i t t e r  ( u n i t  3) 
was i d e n t i c a l  t o  u n i t  2 except  f o r  t h e  
a d d i t i o n  of one s t a g e  of power ampl i f i -  
ca t ion .  The output  a m p l i f i e r ,  shown i n  
f i g u r e  3, used a  s i n g l e  ECG186A power 
t r a n s i s t o r  opera ted  a s  a  c l a s s  B power 
ampl i f i e r .  

A t r a n s m i t t e r  capable  of opera t ing  
throughout t h e  range of 27 t o  60 MHz was 
a l s o  constructed.  This t r a n s m i t t e r  ( u n i t  
4) i s  shown schemat ica l ly  i n  f i g u r e  4. A 
c r y s t a l  o s c i l l a t o r  drove a  s ing l e -  
t r a n s i s t o r  ou tput  ampl i f i e r .  The ampli- 
f i e r  was modulated by t h e  556 timer.  
Switch 1-A allowed e i t h e r  a  modulated 
s i g n a l  (beep) o r  unmodulated c a r r i e r  t o  
be s e l ec t ed .  The ope ra t i ng  frequency was 
s e l e c t e d  by changing t h e  plug-in o s c i l -  
l a t o r  c o i l s  and/or  c r y s t a l s .  Avai lable  
f requenc ies  were 26.995, 40.000, 45.000, 
50.000, and 60.000 MHz. 
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FIGURE 3. - Schematic representing 27-MHz 
power ampl i f ier (uni t  3). transmitter (unit 2). 
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FIGURE 4. - Schematic representing 27- to 60-MHz transmitter. 

TEST RESULTS 

Four t e s t s  were conducted t o  evalu- 
a t e  t h e  performance of t h e  pro to type  
SRL t r a n s m i t t e r .  These t e s t s  cons i s t ed  
of -- 

1. Measurement of t h e  s i g n a l  s t r e n g t h  
propagat ion through a i r ;  

2. Measurement of t h e  s i g n a l  s t r e n g t h  
propagat ion through a i r  and broken rock; 

3. Measurement of t h e  propagat ion 
through s o l i d  rock; 

4. Measurement of propagat ion under- 
ground. 

PROPAGATION THROUGH A I R  

The approximate range of t h e  t r a n s -  
m i t t e r  i n  a i r  was determined by d e t e c t i n g  

t h e  s i g n a l  wi th  a multiband com- 
municat i ons  rece iver .  The 660-kHz 
t r a n s m i t t e r  ( u n i t  1 )  was found t o  have 
a range of approximately 60 f t  when 
placed d i r e c t l y  on t h e  ground. This 
could be extended t o  s e v e r a l  hundred 
f e e t  by connect ing a 20-ft wire  anten- 
na t o  t h e  end of t h e  f e r r i t e  loop- 
s t i c k  antenna. The poor performance 
of t h i s  t r a n s m i t t e r  was a t t r i b u t e d  t o  
t h e  combination of low power and in-  
e f f i c i e n t  antenna. The 27-MHz t r ans -  
m i t t e r s  ( u n i t s  2 and 3) could be 
de t ec t ed  a t  d i s t ances  of approximately 
3,300 t o  5,000 f t ,  wi th  t h e  t r ans -  
m i t t e r  l oca t ed  a t  about a 30-ft e l e -  
va t ion .  Table 1 shows t y p i c a l  r e s u l t s  
through t h e  a i r  f o r  a handheld 27- 
MHz t r a n s m i t t e r  ( u n i t  2).  Although t h e  
f i e l d  s t r e n g t h  vo l tage  f e l l  below 40 p V  
a t  600 f t ,  t h e  tone was s t i l l  aud ib l e  



f o r  1,500 f t .  The u n i t  4 t r a n s m i t t e r  
could be de t ec t ed  a t  ranges of up t o  
1 m i l e .  

TABLE 1. - Transmi t te r  s i g -  
n a l  range i n  a i r ,  u n i t  2 
(27 MHz) 

Distance F i e l d  
i n  a i r ,  f t  s t r e n g t h ,  p v l  

7 7. ....a*. 

124....... 
166ee**aae 
215amamee* 
260.. ..... 
300. ...... 
345....... 
400....... 
480.. ..... 
515..eeeee 
601.. ..... 

Background 

775 
455 
145 
135 
109 
86 
66 
84 
69 
42 
28 

n o i s e  = 32 pV. 

PROPAGATION THROUGH AIR-ROCK PATH 

To e v a l u a t e  t h e  performance of t h e  SRL 
through a propagat ion pa th  s i m i l a r  t o  one 
t h a t  might be encountered a f t e r  a roof 
f a l l ,  t h e  t r a n s m i t t e r s  were buried under 
a p i l e  of broken rock,  and t h e  range a t  
which t h e  s i g n a l  was j u s t  d e t e c t a b l e  was 
measured a t  var ious  depths  of t h e  d e b r i s  
t h i cknes s  . 

The t e s t s  were conducted a t  a c o a l  su r -  
f a c e  mining ope ra t i on  i n  Tuscaloosa 
County, AL. The prototype t ransmi t -  
t e r s  were enclosed i n  a wooden box t o  
prevent  damage ( f i g .  5).  Each t r ans -  
m i t t e r  i n  t u r n  was enclosed i n  t h e  box, 
placed on t h e  f l o o r  of t h e  s t r i p  p i t ,  
and covered wi th  overburden c o n s i s t i n g  
of broken s h a l e  and f i r e  c l ays  
( f i g .  6). 

For u n i t  1 (660 kHz), no decrease  i n  
t h e  s i g n a l  s t r e n g t h  o r  range was de t ec t ed  
f o r  broken rock coverings of 10 f t .  Typ- 
i c a l  r e s u l t s  f o r  a 27-MHz t r a n s m i t t e r  
( u n i t  2) through t h e  air- rock pa th  a r e  
shown i n  t a b l e  2. 

TABLE 2. - Signa l  range of 
t r a n s m i t t e r  covered wi th  
varying th icknesses  of rock,  
u n i t  2 (27 MHz) 

Thickness Maximum 
of rock, f t  range,  f t l  

8.0............... 350 
9.0............... 350 
10.0. ............. 350 
lAir pa th  p lu s  rock th ickness .  

As a t e s t  of t h e  v a l i d i t y  of t he se  re-  
s u l t s ,  they were f i t t e d  t o  an  equa t ion  of 
t h e  form 

Sm = -&2 E - ad, (1) 

where Po = e f f e c t i v e  r a d i a t e d  power a t  
t h e  t r a n s m i t t e r ,  

Sm = minimum d e t e c t a b l e  s i g n a l  
power, 

R = range, combined air-rock 
pa th ,  

a = a t t e n u a t i o n  c o e f f i c i e n t  of 
rock, 

and d = rock thickness .  

Equation 1 can be w r i t t e n  

where U = -21n R ,  ( 3 )  

and 

A l i n e a r  r eg re s s ion  of d on U gave an 
e x c e l l e n t  f i t ,  wi th  a value of a of 2.6 
dB/m from t h e  broken rock. 



FIGURE 5. - Unit 1 being placed in  box. 

FIGURE 6. - Overburden being placed over transmitter. 



PROPAGATION THROUGH ROCK 

To measure t h e  propagat ion through 
s o l i d  rock,  tests were conducted a t  t h e  
Nickel  P l a t e  Mining Co, , Inc,  P i t  No, 3 
i n  J e f f e r s o n  County, AL, and a t  Drummond 
Coal Co, Kellerman P i t  i n  Tuscaloosa 
County, AL, A t  each s i t e  a series of 
v e r t i c a l  ho l e s  6-3/4 i n ,  i n  diameter  and 
50 f t  deep were d r i l l e d  a long  a l i n e  
ex tending  a t  45O back from t h e  highwall  
( f i g ,  7). Location of t h e  ho l e s  a t  t h e  
Nickel  P l a t e  and Drummond si tes a r e  shown 
i n  f i g u r e s  8 and 9, r e spec t ive ly ,  The 
t r a n s m i t t e r  was lowered i n t o  each ho le  t o  
a depth  l e v e l  wi th  t h e  f l o o r  of t h e  p i t ,  
and t h e  s i g n a l  was measured a t  t h e  f a c e  
of t h e  highwall ,  Figure 10 shows t h e  
t r a n s m i t t e r ,  enclosed i n  a p l a s t i c  ca se  
t o  p r o t e c t  i t  from water  and d i r t ,  being 
lowered i n t o  a test hole ,  Figure 11 
shows s i g n a l  s t r e n g t h  measurements being 
made, 

The s i g n a l  s t r e n g t h  meter cons i s t ed  of 
a commercial commnicat ions r e c e i v e r  t h a t  
was modified by d isconnec t ing  t h e  
sque l ch  c o n t r o l  and adding a meter t o  
r ead  t h e  automatic  ga in  c o n t r o l  (AGC) 
vol tage ,  The meter was c a l i b r a t e d  by 
i n j e c t i n g  i n t o  t h e  r e c e i v e r  a s i g n a l  of 
known amplitude from a VHF s i g n a l  gen- 
e r a t o r ,  S igna l  l e v e l s  from 0.1 pV t o  20 
mV were used, Since t h e  AGC vo l t age  i s  a 
non l inea r  func t ion  of t h e  r e c e i v e r  
s i g n a l ,  a computer program was w r i t t e n  t o  
convert  t h e  meter read ing  t o  s i g n a l  
s t r e n g t h ,  This program used a four-point  
i n t e r p o l a t i o n  on t h e  s t o r e d  c a l i b r a -  
t i o n  curve, The s e n s i t i v i t y  of t h e  
s i g n a l  s t r e n g t h  meter w a s  t h e  same 
through a l l  frequency tests, approxi- 
mately 0 - 1  pV,  

To ensure  t h a t  t h e  measured s i g n a l  was 
a c t u a l l y  propagat ing through t h e  rock and 
no t  l e ak ing  ou t  of t h e  t ops  of t h e  ho l e s ,  
t h e  s i g n a l  s t r e n g t h  was a l s o  measured 
above t h e  ho les ,  No s i g n a l  was found 
once t h e  t r a n s m i t t e r  had been lowered 
more than 20 f t  i n t o  a ho le ,  even 

w i t h  t h e  ho l e  open. A s  an  added pre- 
cau t ion  t h e  ho l e s  were covered wi th  a 
meta l  p l a t e  whi le  measurements were being 
made, 

Severa l  tests were conducted on t h e  
t h r e e  27-MHz t r a n s m i t t e r s  ( u n i t s  2, 3, 
and 4). It was found t h a t  a t  t h e  Nickel 
P l a t e  s i t e  t h e  audio  tone  w a s  s t r o n g l y  
aud ib l e  from s t a t i o n  4, a d i s t a n c e  of 
43.9 f  t , and weak but  c l e a r l y  aud ib l e  
from s t a t i o n  5, a d i s t a n c e  of 62.8 f t ,  A 
f a i n t  s i g n a l  could sometimes be d e t e c t e d  
from s t a t i o n s  6 and 7, d i s t a n c e s  of 
approximately 95 and 110 f t ,  The u s e f u l  
range through s o l i d  rock w a s  judged t o  be 
approximately 60 f t ,  

Tes t s  a t  t h e  Drummond s i t e  gave similar 
r e s u l t s ,  An aud ib l e  s i g n a l  could be 
de t ec t ed  from s t a t i o n s  1 through 5 (51-6 
f  t maximum rock th ickness  ) , Occasional ly  
a f a i n t  s i g n a l  could be heard at  s t a t i o n  
6 (62.6 f t ) ,  The apparent  decrease  i n  
range w a s  a t t r i b u t e d  t o  t h e  h igher  mois- 
t u r e  conten t  of t h e  rock at  t h e  Drummond 
s i te ,  a s  evidenced by water  seep ing  from 
t h e  f a c e  of t h e  highwall ,  I n  o rde r  t o  
v e r i f y  t h i s ,  co re  samples were c o l l e c t e d  
a t  both sites, The Nickel P l a t e  sample 
contained 1 -5  pc t  moisture ,  t h e  Drummond 
s i t e  9 pc t  moisture ,  When s i g n a l  
s t r e n g t h  measurements were made, t h e  
t r a n s m i t t e r  modulation was tu rned  o f f  and 
t h e  s t r e n g t h  of t h e  unmodulated c a r r i e r  
measured a t  t h e  f a c e  of t h e  highwall .  
Usable d a t a  were ob ta ined  a t  s t a t i o n s  1 
through 5 a t  each s i te ,  

To determine t h e  a t t e n u a t i o n  c o e f f i -  
c i e n t  of t h e  rock, i t  was assumed t h a t  
t h e  power d e n s i t y  (P) a t  t h e  r e c e i v e r  w a s  
given by 

where R = range through rock,  

and 

Po = e f f e c t i v e  r a d i a t e d  power 
a t  t h e  t r a n s m i t t e r ,  

a = a t t e n u a t i o n  c o e f f i c i e n t  
of rock 

G~ = antenna g a i n  of t h e  
t r a n s m i t t i n g  antenna i n  
t h e  d i r e c t i o n  of t h e  
r e c e i v e r ,  



FIGURE 7. - Tes t  ho les being dr i l led, 
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holes at the N i cke l  P la te  s i te ,  holes at the Drummond si te.  



FIGURE 10. - Transmitter being lowered into test hole. 

FIGURE 11. = Signal strength measurements being taken at toe of highwall. 



The measured s i g n a l  s t r e n g t h  was propor- 
t i o n a l  t o  t h e  s q u a r e  r o o t  of t h e  power 
d e n s i t y  a t  t h e  r e c e i v e r ,  i ,e . ,  

where GR = r e c e i v e r  an tenna  g a i n ,  

and k  = s e n s i v i t y  f a c t o r  f o r  t h e  
r e c e i v e r .  

From e q u a t i o n s  5 and 6 ,  

Here, So i s  a  c o n s t a n t  i n v o l v i n g  GR , GT , 
and k. Care was t a k e n  t o  keep t h e  o r i e n -  
t a t i o n  of t h e  t r a n s m i t t e r  and r e c e i v e r  
a n t e n n a  t h e  same f o r  a l l  measurements s o  
t h a t  So would n o t  vary .  

The s i g n a l  v o l t a g e s  were f i t t e d  t o  
e q u a t i o n  8 ,  and from t h i s  t h e  b e s t  v a l u e  
of a was determined. I n  g e n e r a l ,  t h e  
e x p e r i m e n t a l  d a t a  f i t  t h i s  e q u a t i o n  ex- 
t r emely  w e l l  d e s p i t e  t h e  f a c t  t h a t  t h e  
" f a r  f i e l d "  assumption impl ied  i n  i t s  
d e r i v a t i o n  was no t  s t r i c t l y  met by t h e  
a c t u a l  exper imenta l  geometry, A t y p i c a l  
p l o t  of s i g n a l  s t r e n g t h  v e r s u s  range i s  
shown i n  f i g u r e  12. The d a t a  p o i n t s  a r e  
t h e  measured f i e l d  s t r e n g t h s ;  t h e  s o l i d  
l i n e  i s  t h e  b e s t  f i t t i n g  t h e o r e t i c a l  
curve,  For comparison, a  p l o t  f o r  prop- 
a g a t i o n  i n  a i r  i s  shown i n  f i g u r e  13, 
The measured a t t e n u a t i o n  c o e f f i c i e n t  f o r  

RANGE, f t 

FIGURE 12. - Typical plot of signal strength 
versus range through rock. 
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t h e  a i r p a t h  was 0.0001 ( e s s e n t i a l l y  
z e r o ) ,  which added c o n s i d e r a b l e  con- FIGURE 13. - Plot of signal strength versus 

f i d e n c e  i n  t h e  d a t a  r e d u c t i o n  technique.  range for airpath. 



Data from t h e  Nickel P l a t e  s i t e  f i t  t h e  KEY 
t h e o r e t i c a l  curve e x c e p t i o n a l l y  w e l l ,  t h e  M RD Maximum received distance 
average e r r o r  a t  a  p o i n t  being l e s s  than  
6  pc t .  The a t t e n u a t i o n  c o e f f i c i e n t  was 
found t o  be 1.93k0.02 dB/m. Data from 
t h e  Drummond s i t e  were l e s s  r e l i a b l e .  
The v a l u e  of t h e  a t t e n u a t i o n  c o e f f i c i e n t  
could n o t  be determined w i th  any p r ec i -  
s i o n ,  but  i t  appeared t o  be a t  l e a s t  
twice  a s  l a r g e  a s  a t  t h e  Nickel  P l a t e  
s i t e .  

Uni t  4  t r a n s m i t t e r s  were a l s o  t e s t e d  
a t  h i g h e r  f r equenc i e s  a t  bo th  s i t e s .  A t  nsmitter 
t h e  Nicke l  P l a t e  s i t e ,  a n  a u d i b l e  s i g n a l  
from s t a t i o n  1 (20.6 f t )  and o c c a s i o n a l l y  
a  weak s i g n a l  from s t a t i o n  2  (27.0 
f t )  could be d e t e c t e d ,  i n d i c a t i n g  t h a t  
t h e  a t t e n u a t i o n  i s  much g r e a t e r  i n  t h e  
45- t o  60-MHz range than  a t  27 MHz. 
No d e t e c t a b l e  s i g n a l  was ob ta ined  a t  
t h e  Drummond s i t e ,  where t h e  minimum 1 I 4) 

rock t h i cknes s  was 31.5 f t .  R e l i a b l e  
measurement of a t t e n u a t i o n  c o e f f i c i e n t  i n  
t h e  45- t o  60-MHz range could no t  be 

A-MRD 
165 f t  

obta ined .  

UNDERGKOUND TEST 

A 27-MHz t r a n s m i t t e r  was t aken  under- Not to scale 
ground t o  determine t h e  range. The t e s t  FIGURE 14. - Schematic representing under- 
was conducted a t  t h e  North River  Energy 
Corp. No. 1 Mine i n  F a y e t t e  County, AL. ground test locat ion. 
The t r a n s m i t t e r  was p laced  i n  an  e n t r y ,  
and t h e  maximum d i s t a n c e  a t  which i t  and i n  c r o s s c u t s .  The maximum d i s t a n c e  
cou ld  be d e t e c t e d  was determined. Mea- ranged from 158 t o  230 f t  a s  shown i n  
surements  were made bo th  down t h e  e n t r y  f i g u r e  14. 

PROTOTYPE TRANSMITTER 

A demonstra t ion t r a n s m i t t e r  ( f i g .  15) 
was cons t ruc t ed  and i nco rpo ra t ed  i n t o  a  
miner ' s  cap lamp b a t t e r y .  The c i r c u i t  
( f i g .  16) i s  e s s e n t i a l l y  t h e  same a s  t h a t  
of t h e  u n i t  2  t r a n s m i t t e r  used i n  t h e  
p ropaga t ion  t e s t s .  RFCl and RFC2 a r e  
i n d u c t o r s  t o  i s o l a t e  t h e  RF c i r c u i t s  and 
lamp cord (which s e r v e s  a s  an an tenna)  
from t h e  b a t t e r y .  No mod i f i c a t i on  t o  t h e  
lamp was requ i red .  

This  u n i t  e x h i b i t e d  open-air  and under- 
ground ranges  comparable t o  t hose  of t h e  
o t h e r  27-MHz t r a n s m i t t e r s .  Th is  f r e -  
quency allowed f o r  use  of t h e  cap lamp 
cord a s  an  an tenna ,  the reby  s i g n i f i c a n t l y  
a f f e c t i n g  c i r c u i t  s i m p l i c i t y ,  and a l lows  
f o r  use  of convent iona l  CB broadband 
r e c e i v e r s  t h a t  a r e  approved a s  i n t r i n -  
s i c a l l y  s a f  e m  



ADDITIONAL FEATURES 

BATTERY CONSERVATION CIRCUIT 

When a l ead  s u l f a t e  b a t t e r y ,  such a s  a 
cap  lamp b a t t e r y ,  i s  discharged by a con- 
s t a n t  r e s i s t a n c e  load ,  t he  te rmina l  vol- 
t a g e  decreases  slowly and almost l i n e a r l y  
w i t h  t i m e  u n t i l  i t  reaches  85 t o  90 pc t  
of t h e  f u l l y  charged value. A t  t h i s  
p o i n t ,  t h e  b a t t e r y  begins  t o  e n t e r  t h e  
deep-discharge cond i t i on  and t h e  t e rmina l  
vo l t age  f a l l s  r ap id ly  t o  near  0 V ,  a s  
shown i n  f i g u r e  17. This  means t h a t  a 
cap lamp t h a t  is  i n i t i a l l y  f u l l y  charged 
would burn f o r  some 15 h w i th  only a mod- 
e r a t e  decrease  i n  i l l umina t ion .  However, 
once t h e  deep-discharge phase begins ,  
only a few minutes of u s e f u l  l i f e  remain. 

I f  t h e  cap lamp is  turned of f  before  
t h e  b a t t e r y  is  f u l l y  discharged,  t h e  ter- 
minal vo l t age  w i l l  p a r t i a l l y  recover ,  and 
enough capac i ty  w i l l  remain t o  power t h e  
SRL f o r  s e v e r a l  days. Thus, a t rapped 
miner can t u r n  of f  t h e  cap lamp when i t  
begins t o  dim apprec iab ly  and ensure  t h a t  
t h e  l o c a t o r  would cont inue t o  opera te .  
By s a c r i f i c i n g  15 t o  20 min of u s e  of t h e  
cap lamp, t h e  miner would o b t a i n  many 
e x t r a  hours of l o c a t o r  operat ion.  

Under t h e  s t r e s s  of an emergency s i t u a -  
t i o n ,  a t rapped miner may f o r g e t  t o  t u r n  
o f f  t h e  camp lamp u n t i l  t h e  b a t t e r y  is  
too  deeply discharged t o  recover ,  o r  
might be unconscious o r  o therwise  unable  

FIGURE 15. - Transmitter placed inside cap lamp battery. 



FIGURE 16. - Schematic diagram of cap lamp 

transmitter. 
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FIGURE 17. - Cap lamp battery voltage ver- 

sus time of discharge. 

t o  t u r n  o f f  t h e  lamp. For t h i s  reason,  a  
c i r c u i t  could be i n s t a l l e d  t o  sense  a  
low-voltage cond i t i on ,  which would auto- 
ma t i ca l l y  t u r n  o f f  t h e  cap lamp. 

The low-voltage sensor  i s  shown i n  f i g -  
u r e  18. When t h e  b a t t e r y  vo l t age  exceeds 
t h e  zener  vo l t age  of zener  d iode  D l ,  cur- 
r e n t  f lows through R2 and D l ,  b i a s ing  
t r a n s i s t o r  Q ,  i n t o  s a t u r a t i o n .  The g a t e  
of t h e  s i l i c o n  c o n t r o l l e d  r e c t i f i e r  

(SCR) i s  low, and t h e  SCR i s  i n  i t s  
nonconducting ( o f f )  s t a t e .  When t h e  
b a t t e r y  t e rmina l  vo l t age  drops below t h e  
zener  vo l t age ,  t h e  base c u r r e n t  t o  Q l  i s  
blocked and Q l  i s  c u t  o f f .  The SCR g a t e  
vo l t age  goes high and t h e  SCR f i r e s ,  
drawing a  l a r g e  c u r r e n t  t h a t  blows t h e  
f u s e ,  d i sconnec t ing  t h e  cap lamp. Diode 
D2 bypasses t h e  f u s e  when t h e  b a t t e r y  i s  
being charged. 

The low-voltage s enso r  was t e s t e d  and 
found t o  ope ra t e  r e l i a b l y .  The t e s t  
s e t u p  i s  shown i n  f i g u r e  19. A computer 
was programmed t o  record  t h e  t e rmina l  
vo l t age  of t h e  cap lamp b a t t e r y  and t h e  
luminous ou tpu t  a t  5-min i n t e r v a l s  and t o  
record  t h e  d a t a  on magnetic tape.  Thus, 
t h e  t e s t  could be run unattended. Relay 
1  allowed t h e  computer t o  t e rmina te  t h e  
t e s t  a f t e r  a  p r e s e t  time a s  measured by 
t h e  i n t e r n a l  clock. This  was done t o  
prevent  damage t o  t h e  b a t t e r y  i n  ca se  t h e  
vo l t age  s enso r  f a i l e d .  

The b a t t e r y  vo l t age  and l i g h t  ou tpu t  
f o r  a  t y p i c a l  t e s t  a r e  shown i n  f i g u r e s  
20 and 21. I n  t h i s  t e s t ,  t h e  t r i g g e r  

2-A I I 
fuse 
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I 

FIGURE 18. - Schematic diagram of low-voltage 

sensor. 
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FIGURE 19. - Low-voltage sensor operation- 

a1 setup. 
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FIGURE 20. - Cap lamp battery voltage versus 

time w i th  automatic shutdown of low-voltage 

sensor. 
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FIGURE 21. - L i g h t  sensor output vo l t s  w i th  

low-voltage sensor. 

l e v e l  was s e t  a t  3.5V. Any o the r  
t r i g g e r  l e v e l  could be s e l e c t e d  by us ing  
a zener  diode wi th  t h a t  vol tage.  A 3.25- 
V t r i g g e r  l e v e l  allowed t h e  lamp t o  run  
f o r  about 15 h. 

The d e s i r a b i l i t y  of an  automatic  tu rn-  
o f f  f e a t u r e  i s  open t o  some quest ion.  
One can env i s ion  s i t u a t i o n s  where an 
unconscious miner, whose lamp was un- 
necessary  anyway, might be saved by e x t r a  
hours  of SRL operat ion.  Scenarios  can 
a l s o  be pos tu l a t ed  i n  which a few minutes 
of l i g h t  might be c r i t i c a l .  It is  f e l t  
t h a t  t h i s  is  a ques t i on  t h a t  deserves  
a d d i t i o n a l  s tudy.  

PERSONAL CODING 

A simple modi f ica t ion  of t he  pu l se r  
c i r c u i t  would al low each u n i t  t o  t ransmi t  
a unique pulse  code s o  t h a t  t he  t rapped 
i n d i v i d u a l  could be i d e n t i f i e d .  This  
f e a t u r e  might o r  might not  be des i r ab l e .  
The s i t u a t i o n  might a r i s e  where a r e scue r  
had t o  decide which of s e v e r a l  t rapped 
miners t o  rescue. Mine personnel  who 
might be respons ib le  f o r  rescue  opera- 
t i o n s  have ind i ca t ed  t h a t  they would pre- 
f e r  t o  make such a dec i s ion  without know- 
i n g  t h e  i d e n t i t i e s  of t h e  i nd iv idua l s  
involved. Concern has  a l s o  been ex- 
pressed t h a t  workers would f e a r  t h a t  t h e  
l o c a t o r  was being used t o  monitor them 
du r ing  normal opera t ions .  

Other types  of coding a r e  a l s o  pos- 
s i b l e .  For example, t h e  short-range 
l o c a t o r  could be equipped wi th  a s e l ec -  
t i v e  code al lowing miners t o  i n d i c a t e  
t h a t  they (1)  were i n  no immediate danger 
o r  (2 )  r equ i r ed  prompt a s s i s t ance .  A 
t h i r d  code would i n d i c a t e  t h a t  t h e  miner 
had taken no a c t i o n  and presumably was 
unable  t o  do so. 

RESCUE TEAM UNITS 

A s  p r e sen t ly  perceived,  a l l  SRL's w i l l  
ope ra t e  on t h e  same frequency so  t h a t  a 
f  ixed-frequency r ece ive r  can be used. A 
second frequency should be a v a i l a b l e  f o r  
u se  by rescue  team personnel  s o  t h a t  
t h e i r  l o c a t o r s  would no t  i n t e r f e r e  wi th  
s ea rch  opera t ions .  



SAFETY CONSIDERATIONS 

PERMISSIBILITY 

The q u e s t i o n  of p e r m i s s i b i l i t y  has  been 
d i s cus sed  w i t h  personne l  a t  MSHA Labora- 
t o r i e s ,  Wheeling, WV, and t h e  MSHA f i e l d  
o f f i c e ,  Birmingham, AL. Because of t h e  
low vo l t ages  and power involved,  no rea-  
son  i s  f o r e s e e n  why t h e  SRL should no t  be 
i n t r i n s i c a l l y  s a f e .  

IGNITION OF BLASTING MATERIALS 

One hazard a s s o c i a t e d  w i t h  t h e  u se  of 
any r a d i o  t r a n s m i t t e r  underground i s  t h e  
p o s s i b i l i t y  of a cc iden t ly  i g n i t i n g  b l a s t -  
i n g  ma te r i a l s .  S ince  t h e  SRL w i l l  be 
c a r r i e d  by workers handl ing  b l a s t i n g  
m a t e r i a l ,  t h e  t r a n s m i t t e r  can be expected 
t o  come i n t o  c l o s e  proximity t o  e l e c t r i -  
c a l  b l a s t i n g  caps. It i s  t h e r e f o r e  
necessary  t o  cons ider  t h e  p o s s i b i l i t y  of 
a c c i d e n t a l  i g n i t i o n s .  

The no - f i r e  l e v e l  of b l a s t i n g  caps ob- 
t a i n a b l e  i n  t h e  United S t a t e s  i s  40 mW o r  
g r ea t e r . 4  A t y p i c a l  commercial b l a s t i n g  
cap  has  a  no- f i re  c u r r e n t  of 250 mA and 
a n  i n t e r n a l  r e s i s t a n c e  of approximately 
1 n.5 The no- f i re  l e v e l  i s  t h e r e f o r e  
approximately 62 mW. The p ro to type  SRL 
t r a n s m i t t e r  draws a  supply c u r r e n t  of 10 
mA a t  4.5 V o r  a  t o t a l  power of 45 mW. 
S ince  t h e  output  s t a g e  i s  a  c l a s s  A 
a m p l i f i e r ,  t h e  maximum t h e o r e t i c a l  

e f f i c i e n c y  i s  25 pc t .  The maximum r a d i -  
a t e d  power i s  t h e r e f o r e  l e s s  t han  11 mW. 
Even i f  t h e  b l a s t i n g  cap and t r a n s m i t t e r  
a r e  very c l o s e  t o g e t h e r ,  only a  f r a c t i o n  
of t h e  r a d i a t e d  power could be coupled 
i n t o  t h e  b l a s t i n g  c i r c u i t s .  It is  c l e a r ,  
t h e r e f o r e ,  t h a t  t h e  SRL w i l l  be i ncapab l e  
of i g n i t i n g  b l a s t i n g  ma te r i a l s .  

To v e r i f y  t h a t  t h e  SRL t r a n s m i t t e r  
would no t  i g n i t e  b l a s t i n g  caps ,  t h e  f o l -  
lowing t e s t s  were conducted. An e l e c t r i -  
c a l  b l a s t i n g  cap was connected t o  a  p a i r  
of long  w i r e s  t o  s imu la t e  a  b l a s t i n g  c i r -  
c u i t .  The SRL t r a n s m i t t e r  antenna was 
l oose ly  entwined w i t h  t h e  cap ' s  l e g  w i r e s  
t o  o b t a i n  maximum coupl ing between t h e  
t r a n s m i t t e r  and b l a s t i n g  c i r c u i t .  The 
t e s t  was repea ted  w i t h  t h r e e  caps. None 
of t h e  caps  detonated.  During t h e  t e s t ,  
t h e  SRL s i g n a l  was monitored t o  v e r i f y  
t h a t  t h e  t r a n s m i t t e r  was ope ra t i ve .  A l l  
caps  used i n  t h e  t e s t  were l a t e r  deto-  
na t ed  e l e c t r i c a l l y  t o  ensure  t h a t  they  
were no t  de f ec t i ve .  

On t h e  b a s i s  of t h e s e  c a l c u l a t i o n s  and 
t e s t s ,  i t  i s  be l ieved  t h a t  t h e  SRL i s  
incapab l e  of caus ing  a c c i d e n t a l  detona- 
t i o n s  even under t h e  worst  condi t ions .  
Before t h e  SRL i s  used,  a d d i t i o n a l  t e s t s  
should be conducted by persons f a m i l i a r  
w i th  t h e  a c c i d e n t a l  i g n i t i o n  hazard. 

CONCLUSIONS 

Tes t  d a t a  i n d i c a t e d  t h a t  a  s imple ,  low- 
c o s t  t r a n s m i t t e r  c o n s i s t i n g  of one i n t e -  
g r a t e d  c i r c u i t  and two t r a n s i s t o r s  is  
capable  of r a d i a t i n g  a  s i g n a l  through 
65 f t  o r  more of rock o r  through 12 f t  
of rock and s e v e r a l  hundred f e e t  of 
a i r .  The t r a n s m i t t e r  can o p e r a t e  from a  
4.5-V supply and is t h e r e f o r e  capable  

 h he I n s t i t u t e  of Makers of Explosives  
( A t l a n t a ,  G A ) .  Radio Frequency Radia t ion  
Hazards. Pamphlet 20, Oct. 1 1 ,  1956, 
24 PP* 

5 ~ t l a s  Powder Co. ( D a l l a s ,  TX) . Hand- 
book of  E l e c t r i c a l  Blas t ing .  1976, 
93 PP* 

of being powered from a  miner 's  cap lamp 
b a t t e r y .  The c o s t  of such a  u n i t  would 
be low, and t h e  u n i t  would r e q u i r e  no 
a c t i o n  on t h e  p a r t  of t h e  d i s t r e s s e d  
miner. The proposed short - range l o c a t o r  
i s  t e c h n i c a l l y ,  economically,  and opera- 
t i o n a l l y  f e a s i b l e ,  and i t  would sub- 
s t a n t i a l l y  enhance t h e  chances of su r -  
v i v a l  of personne l  t rapped  a f t e r  a  mine 
d i s a s t e r .  

T e s t s  i n d i c a t e d  t h a t  27 MHz i s  a  u s a b l e  
frequency f o r  t h e  s h o r t  range l o c a t o r .  
A t  f r equenc i e s  above 40 MHz, t h e  a t t enua -  
t i o n  of rock i s  t o o  high t o  a l low ade- 
qua t e  pene t r a t i on ,  whi le  f r equenc i e s  



below 10 MHz r e q u i r e  excess ive ly  l a r g e  A number of o p t i o n a l  f e a t u r e s  a r e  pos- 
antennas.  Addi t iona l  i n v e s t i g a t i o n  could s i b l e ,  i nc lud ing  var ious  types  of coding 
be conducted t o  s e l e c t  an  optimum f r e -  and automatic  b a t t e r y  conservat ion,  
quency i n  t h e  10- t o  30-MHz region,  Addi t iona l  s tudy i s  requi red  t o  determine 

i f  t h e s e  f e a t u r e s  a r e  d e s i r a b l e  and t o  
The short-range l o c a t o r  can be made j u s t i f y  t h e  a d d i t i o n a l  cos t ,  

i n t r i n s i c a l l y  s a f e  and w i l l  pose no haz- 
a r d  t o  b l a s t i n g  ma te r i a l ,  
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