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The resul ts  show t h a t  transmission a t  medium frequencies are optimun 
f o r  wireless mine cmmunications, i n  agreement w i th  extensive t es t i ng  
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wireless systems are feasible wi th  a minimun requirement f o r  new 
dedicated wiring. A t  least one need f o r  such a wireless system was 
i den t i f i ed  i n  each mine vis i ted.  
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1.0 EXECUTIVE SUMMARY 

Wireless radio communication p o s s i b i l i t i e s  were assessed in six 
metal/non-metal mines representing a var led cross section of 
mine t y p e s  h a v i n g  major e c o n o m i c  significance. T h e  assessment 
comprised both the electrical measurement and analysis of transmission 
characteristics and c h a r a c t e r i z a t i o n  o f  t h e  operational utility 
achievable through the use of wireless communications. The measurement 
of characteristics was conducted over the frequency range of 0.2-1000 
MHz using modern swept-frequency techniques. 

Prior to this program, t h e  f e a s i b i l i t y  and utility o f  wireless 
communications at medium f r e q u e n c i e s  (MF) in c o a l  mines and at 
ultra-high frequencies (UHF) in large rock mines was established. 
Additionally, UHF leaky feeder systems requiring a special cable were 
implemented commercially in a variety o f  mine types. The results of 
this program show that MF transmission is feasible and optimum in all 
metal/non-metal mine drifts having existing wiring regardless of the 
area of the drift cross section. T h i s  result is contrary to that 
observed for UHF signals. where communications are restricted to mines 
with large drift cross sections, d u e  t o  excessive refractive and 
roughness (scattering) losses encurred in small drifts. 

As in coal mines, the use of MF frequencies provides the most viable 
basis for the implementation of mine-wide "wirelessn communications. In 
most metal/non-metal mines, MF communications can be effectively used 
to streamline haulage operations and locate key underground supervisory 
and maintenance personnel. MF s y s t e m s  c a n  also provide advance 
warning of impending health and safety problems in mine working areas 
w h e r e  p e r m a n e n t  m i n e  w i r i n g  'and fixed c o m m u n i c a t i o n s  a r e  n o t  
economically feasible. 

Also. a s  in coal mines, the transmission o f  MF carrier current in 
existing mine wiring is observed to be minimally effected by details of 
the wireplant routing and terminations. 

These findings are timely in view o f  joint ongoing USBM and industry 
sponsored development activities to produce mine-worthy MF wireless 
communications equipment. 

1.1 OVERVIEW OF RESULTS 

Based on characteristics of attenuation versus range, useful wireless 
transmission is limited to frequencies in the MF and HF bands from 
approximately 200KHz to lMHz and in t h e  UHF band above 200MHz to 
400MHz. VHF frequencies were unusable in all of the visited mines. 

The MF/HF attenuation was measured over all MF and HF frequencies in 



two of t h e  mines  and o v e r  l i m i t e d  r e g i o n s  a t  MF i n  t h r e e  o t h e r s .  
General ly ,  the  a t t e n u a t i o n  i n  d r i f t s  v a r i e d  d i r e c t l y  with f requency,  
w i t h  6 dB11000 f e e t  a t  1  MHz b e i n g  r e p r e s e n t a t i v e  of t h e  o b s e r v e d  
a t t e n u a t i o n  i n  t h e  v i s i t e d  mines .  To a c h i e v e  reasonable  p a r i t y  i n  UHF 
t ransmiss ion  i n  t h e  mines ,  a n  o p e r a t i n g  f r e q u e n c y  of a t  l e a s t  800 - 
1000 MHz must be u s e d .  A t  a  r a n g e  of 1000 f e e t  a t  t h e s e  f r equenc ie s ,  
t h e  UHF s i g n a l  l e v e l s  a r e  w i t h i n  20 db of t h e i r  una t tenua ted  values .  
F igure  1 shows t h e  c o m p o s i t e  a t t e n u a t i o n  d a t a  f o r  a l l  v i s i t e d  mines. 
The UHF da ta  has been computed u s i n g  t h e  ADL model f o r  r e f r a c t i v e  and 
roughness  l o s s e s  and  t h e  i n d i v i d u a l  m i n e  d r i f t  c r o s s - s e c t i o n a l  
g e o m e t r i e s .  The low- f r equency  a t t e n u a t i o n  d a t a  i s  a  compos i t e  of 
measured and computed values .  

The use of MF f requenc ies  has p roven  t o  be optimum f o r  close-proximity 
induc t ive  coupling. Previous d a t a  from c o a l  mines has v e r i f i e d  MF t o  be 
optimum f o r  both d i r e c t  through-the-seam and remote proximity coupl ing 
t o  mine wiring.  P r i o r  t o  t h i s  program, t h e  coupling l o s s  was thought t o  
decrease  monotonically w i t h  f r e q u e n c y  t h r o u g h  a t  l e a s t  most of t h e  HF 
reg ion  f o r  c lose-proximity c o u p l i n g .  The r e s u l t s  of t h i s  program have 
disproven t h i s  hypothes i s  and have  con f i rmed  t h a t  optimum coupl ing i s  
r e s t r i c t e d  t o  t h e  HF range .  The models  deve loped  t o  account f o r  t h e s e  
e f f e c t s  a r e  equa l ly  a p p l i c a b l e  t o  c o a l  and  metalfnon-metal  mines. The 
p r e c i s e  "round t r i p "  c o u p l i n g  was d e t e r m i n e d  t o  be a  f u n c t i o n  of 
coupl ing geometry i n  t h e  d r i f t  c r o s s  s e c t i o n  ( where "round t r i p "  i s  
def ined  a s  t h e  f i e l d  s t r e n g t h  i n c i d e n t  on a  r e c e i v i n g  a n t e n n a  i n  a  
d r i f t  due t o  an i n d u c t i v e l y  coupled t r ansmi t  antenna source) .  

The unat tenuated "round t r i p "  c o u p l i n g  f o r  a  1-watt  t r a n s m i t t e r  with  
N I A  of -2 dB (below u n i t y )  f o r  t r a n s m i t  and r e c e i v e  antennas l oca t ed  
a t  t h e  d r i f t  c e n t e r s  i s  shown i n  F i g u r e  2. T h i s  f i g u r e  i l l u s t r a t e s  
s e v e r a l  of t h e  v a r i a b l e s  r e l a t e d  t o  c o u p l i n g  geomet ry .  A c u r v e  of 
r e c e i v e  sys t em s e n s i t i v i t y  i s  a l s o  i n c l u d e d  s o  t h a t  e s t i m a t e s  of 
s y s t e m  dynamic r a n g e  and " a l l o w a b l e  a t t e n u a t i o n "  c a n  be made when 
combined w i t h  a n  e s t i m a t e  of t h e  e x t e r n a l  n o i s e  env i ronmen t  of a  
p a r t i c u l a r  mine. The l o w - f r e q u e n c y  c o u p l i n g  ( p r o v i d i n g  t h e  
monotonic c o u p l i n g  i n c r e a s e  w i t h  f r e q u e n c y )  v a r i e d  o v e r  a  range of 
about 20 dB due t o :  t h e  s e p a r a t i o n  of a n t e n n a s  from t h e  conductors ;  
t h e  proximity of t he  conductors  t o  nea rby  conducting s u r f a c e s ;  and, t o  
v a r i a t i o n s  i n  t h e  c o n d u c t o r  ensemble  d r i v i n g  p o i n t  impedance.  The 
in t e rmed ia t e  f r e q u e n c y  pe r fo rmance  i s  e f f e c t e d  by t h e  s e p a r a t i o n  of 
t h e  antennas from t h e  c o n d u c t o r s  and t h e  phase  v e l o c i t y  and s tanding  
wave c o n d i t i o n s  on t h e  m o n o f i l a r  o r  b i f i l a r  l i n e ( s )  formed by t h e  
e x c i t e d  c o n d u c t o r s .  G e n e r a l l y ,  t h e  c o u p l i n g  r o l l - o f f  i n  t h e  
i n t e rmed ia t e  ( l a r g e l y  HF) frequency reg ion  i s  due t o  phase s h i f t s  along 
t h e  l i n e ( s )  over t h e  c o u p l i n g  r e g i o n  of t h e  a n t e n n a .  I f  t h e  coupling 
reg ion  i s  l a r g e  ( a s  i n  a  l a r g e  d r i f t  c r o s s e c t i o n  with  a t t e n d e n t  l a r g e r  
s e p a r a t i o n  between an tennas  and c o n d u c t o r s )  t h e  ro l l -o f f  i s  extremely 
r ap id  with t he  coupling approaching  a  l i m i t  20-30 dB below t h e  opt imal  
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MF c o u p l i n g  l e v e l .  I f  t h e  c o u p l i n g  r a n g e  i s  s h o r t  a n d / o r  t h e  l i n e  
p h a s e  v e l o c i t y  a p p r o a c h e s  f r e e  s p a c e  v a l u e s  ( d u e  t o  b a c k  o r  r i b s  
c o v e r e d  w i t h  m e t a l  m e s h )  t h e  r o l l - o f f  i s  m o r e  g r a d u a l .  The  d a t a  
p r e s e n t e d  i n  t h e  f i g u r e  i s  n o r m a l i z e d  f o r  an assumed f l a t  N I A  which i s  
i n c r e a s i n g l y  d i f f i c u l t  t o  a c h i e v e  a b o v e  t h e  MF b a n d ,  f o r  t h e  f i x e d  
a n t e n n a  s i z e  and  t r a n s m i t  power l i m i t a t i o n s  o f  p r a c t i c a l  sys t ems .  A 
p r a c t i c a l  N I A  c h a r a c t e r i z a t i o n  ( b a s e d  o n  t h e  f o r e m e n t i o n e d  
l i m i t a t i o n s )  g i v e n  i n  S e c t i o n  3 . 0  s h o w s  a n  a p p r o x i m a t e  l / f  N I A  
f a l l - o f f  above a b o u t  2  MHz, which  f u r t h e r  o p t i m i z e s  t h e  MF r e g i o n  f o r  
c o u p l i n g .  

A c h a r t  o f  obse rved  mine n o i s e  v a l u e s  i s  g i v e n  i n  F i g u r e  3. which may 
be  used i n  c o n j u n c t i o n  w i t h  t h e  p r e c e d i n g  f i g u r e s  t o  e n a b l e  e s t i m a t e s  
o f  s i g n a l  m a r g i n  f o r  s y s t e m s  d e p l o y e d  i n  t h e s e  m i n e s .  A d d i t i o n a l l y ,  
e s t i m a t e s  o f  t h e  u n a t t e n u a t e d  UHF s i g n a l  l e v e l s  a t  a b o u t  1000 MHz a r e  
g i v e n  below i n  T a b l e  1. 

TABLE 1  
ESTIUATED UHF UNATTENDED FIELD STRENGTHS FOR 

SELECTED I N D I V I D U A L  MINES FOR ?-WATT TRANSMITTER POWER 
USING LOG PERIODIC ANTENNA 

ELECTRIC FIELD STRENGTH MAGNETIC FIELD STRENGTH 
M I N E  # dB ABOVE 1 MICRO-VOLT/M dB ABOVE 1 MICRO-AMP/M 

+ l o 4  
+I22  H-POL 
+ I 5 2  V-POL 
+I16 
+I01  
+122 

D e t a i l e d  t e s t  d a t a  f r o m  e a c h  m i n e  i n c l u d i n g  c o n t i n u o u s  wave f i e l d  
s t r e n g t h  m e a s u r e m e n t s  w i t h  r a n g e  a t  o r  n e a r  opt imum f r q u e n c i e s  i s  
g iven  i n  S e c t i o n  4 .0 .  Some c o n t i n u o u s  wave mic rowave  t e s t  d a t a  a t  10 
GHz was a l s o  g a t h e r e d  d u r i n g  t h i s  p rogram.  T h i s  d a t a .  a l s o  i n c l u d e d  i n  
S e c t i o n  4.0. h a s  l i t t l e  a p p a r a n t  s i g n i f i c a n c e  a n d  i s  n o t  e l a b o r a t e d  
upon i n  t h i s  r e p o r t .  

1.2 APPLICATION POSSIBILITIES 

The s i m p l i s t  a p p l i c a t i o n  i s  t h e  i m p l e m e n t a t i o n  o f  one-way v o i c e  o r  
t o n e  p a g i n g  f rom a  c e n t r a l  d i s p a t c h  l o c a t i o n  u s i n g  e x i s t i n g  mine  
w i r i n g ,  w i t h  key  s u p e r v i s o r y  a n d / o r  m a i n t e n a n c e  p e r s o n n e l  c a r r y i n g  
pocket  p a g e r s .  A l t e r n a t i v e  "page" o r  " a l e r t n  a p p l i c a t i o n s  might i n c l u d e  
an a l a rm sys tem w i t h  a l a rm r e c e i v e r s  a t  c r i t i c a l  f i x e d  l o c a t i o n s  w i t h i n  
a u d i b l e  r a n g e  o f  w o r k i n g  a r e a s .  Such  s y s t e m s  a r e  f a s t e r  and  more 
a c c u r a t e  t h a n  e x i s t i n g  power i n t e r r u p t i o n  o r  s t e n c h  warning sys tems .  
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The most u s e f u l  a p p l i c a t i o n  i s  p r o v i d i n g  two-way voice  communications 
f rom a  f i x e d  d i s p a t c h  l o c a t i o n  t o  m o b i l e  h a u l a g e  v e h i c l e s  a n d / o r  
m a i n t e n a n c e / s u p e r v i s o r y  v e h i c l e s  o r  p e r s o n n e l .  Such a  sys t em may 
s u b s t a n t i a l l y  improve t h e  h a u l a g e  e f f i c i e n c y  of l a r g e l y  h o r i z o n t a l l y  
d i s t r i b u t e d  mines  w i t h  m u l t i p l e  muck h a n d l i n g  o p e r a t i o n s .  ( T h i s  
a p p l i c a t i o n  was common t o  most of t h e  mines  v i s i t e d . )  For example, 
communication can be e s t a b l i s h e d  between product and mining l e v e l s ,  i n  
most of the  v i s i t e d  mines without  r equ i r ing  any a d d i t i o n a l  wir ing.  

MF t ransmiss ion  i s  advantageous  s i n c e  i t  c o u p l e s  onto,  fo l lows  and i s  
r a d i a t e d  from e x i s t i n g  mine w i r i n g .  It c a n  be viewed i n  i t s  s imp les t  
form as  a  h igher  f requency e x t e n t i o n  of c a r r i e r  phone c a p a b i l i t y .  The 
c a r r i e r  phone equipment  c a n n o t  d i r e c t l y  o p e r a t e  on a n  i n d u c t i v e l y  
coupled bas i s  because t h e  lower f r e q u e n c y  c a r r i e r  phone s i g n a l s  s u f f e r  
s u b s t a n t i a l  c o u p l i n g  l o s s e s  u n l e s s  t h e  a n t e n n a s  and c o n d u c t o r s  a r e  
very  c lose .  Fu r the r ,  most c a r r i e r  phone t r a n s c e i v e r s  have i n s u f f i c i e n t  
s e n s i t i v i t y  t o  o p e r a t e  e f f e c t i v e l y  i n  w i r e l e s s  a p p l i c a t i o n s .  I n  
c e r t a i n  i n s t a n c e s ,  d e d i c a t e d  w i r e  added t o  and simply i n t e r f a c e d  wi th  
e x i s t i n g  mine w i r i n g  c a n  e x t e n d  t h e  s i g n a l  p r o p a g a t i o n  i n t o  remote 
mine a r e a s  o r  be tween  mine power g r i d s  and e n s u r e  t o t a l  mine-wide 
communications. Such w i r i n g  c a n  c o n s i s t  of any common mine wire  (such 
a s  page r  phone o r  AC power w i r e  and  d o e s  n o t  need t o  be a  s p e c i a l  
cab le .  I n  t h e  few mines  e x p e r i e n c i n g  h i g h  a t t e n u a t i o n  ( t h e  haualge 
l e v e l  a t  AMAX being an  example) t h e  d e d i c a t e d  wi r ing  can be configured 
a s  an MF leaky f eede r .  

A base s t a t i o n  can be i n d u c t i v e l y  o r  d i r e c t l y  coupled t o  e x i s t i n g  mine 
wi r ing  a t  a  s i n g l e  l o c a t i o n .  S h o r t  l e n g t h s  of d e d i c a t e d  wi re  can be 
used t o  r educe  t r a n s m i t  c o u p l i n g  l o s s e s  when d i r e c t  f e e d i n g  i s  not 
f e a s i b l e .  The i n d u c t i v e  c o u p l i n g  of a  f i x e d - l o c a t e d  t r a n s m i t t e r  
r e s u l t s  i n  a  25-30 dB r e d u c t i o n  i n  c o u p l e d  c u r r e n t .  T h i s  i s  n o t  
d e t r i m e n t a l  i n  many c a s e s ,  b e c a u s e  t h e  mines  a r e  s m a l l  enough and 
a t t e n u a t i o n  i s  low e n o u g h  t h a t  mine -wide  communica t ion  i s  s t i l l  
d i r e c t l y  p o s s i b l e .  For l a r g e  o r  g r e a t l y  a t t e n u a t e d  mines ,  reduc ing  
t h i s  l o s s  through s p e c i a l  t r e a t m e n t  of t h e  f ixed- loca ted  r a d i o  may be 
a d v a n t a g e o u s  and  may mimimize  t h e  r e q u i r e m e n t s  f o r  a  r e p e a t e r .  
However, r epea t e r s  a r e  e x p e c t e d  t o  be r e q u i r e d  f o r  mine-wide coverage 
of some mines. 

The g r e a t e s t  advantage of w i r e l e s s  MF communication i s  t h e  a b i l i t y  t o  
communicate between any l o c a t i o n s  i n  t h e  mine ( n e a r  e x i s t i n g  wi r ing )  
w i t h o u t  b e i n g  r e s t r i c t e d  t o  f i x e d  l o c a t i o n s  s u c h  a s  . phones .  
Communication w i t h  v e h i c l e s  o r  p e r s o n n e l  i n  mot ion  i s  a l s o  p o s s i b l e  
and has p o t e n t i a l  d e s i r e a b i l i t y  f o r  some mines. I n  one mine (Con-Sil), 
communication with  a  cage i n  motion i n  a  s h a f t  was demonstrated. 



1.3 AREAS FOR FURTHER WORK 

The data base accrued during this program supports the applicability of 
MF wireless equipment for the communication needs of metal/non-metal 
mining operations. The results from this program augment the preceding 
6-7 years of testing in coal mines to establish an overwhelming level 
of confidence in the capabilities and usefulness o f  medium-frequency 
wireless communications in all underground mines. 

Areas for future work should f o c u s  o n  t h e  results obtained from 
configuring and installing the first of several practical system 
embodiments with regard to the technical details of selecting optimum 
frequencies, repeater requirements and special line treatments. These 
activities will provide "levels o f  r e f i n e m e n t N  only and are not 
directly related to specific aspects of operational feasibility. 

More importantly, the economic benefits o f  improving productivity and 
the health and safety in mining operations due to improved wireless 
communications needs to be evaluated t o  provide a cost-basis incentive 
for mines to make use of the new communication equipment which is 
becoming available. 

Finally. the Bureau should act immediately to standardize wireless mine 
equipment operational specifications (similar to the standards for 
pager phones) to encourage the compatibility of system components from 
the multiple communication equipment supply sources that will appear 
as the mine MF communication market develops. 



2.0 INTRODUCTION 

T h i s  r e p o r t  p r e s e n t s  t h e  r e s u l t s  o f  w i d e - f r e q u e n c y  w i r e l e s s  r a d i o  
p r o p a g a t i o n  measurements pe r fo rmed  u n d e r  U.S. Bureau o f  Mines C o n t r a c t  
50308012, " P r o p a g a t i o n  o f  EM S i g n a l s  i n  Underg round  Metal/Non-Metal 
M i n e s w .  T h i s  work ,  p e r f o r m e d  o v e r  a  n o m i n a l  9-month p e r i o d  f r o m  
September 1980 t h r o u g h  May 1 9 8 1 ,  h a s  e n t a i l e d  t h e  c h a r a c t e r i z a t i o n  o f  
w i r e l e s s  r a d i o  t r a n s m i s s i o n  i n  s i x  m e t a l / n o n - m e t a l  m i n e s .  T h i s  
c h a r a c t e r i z a t i o n  was p e r f o r m e d  o v e r  a  c o n t i n u o u s  f r equency  r a n g e  from 
0.2 - 1000 MHz s u p p l e m e n t e d  w i t h  l i m i t e d  t e s t i n g  a t  a  s p o t  f r equency  
o f  10 GHz. 

2.1 BACKGROUND - STATEMENT OF THE PROBLEM 

The r e s e a r c h  r e p o r t e d  h e r e i n  i s  a n  e x t e n s i o n  o f  p r e v i o u s l y  performed 
w i r e l e s s  r a d i o  c h a r a c t e r i z a t i o n  s t u d i e s  i n  c o a l  m i n e s  by T e r r y  S .  
Cory,  P.E. under two p r e v i o u s  C o n t r a c t s  H0366028, "Propaga t ion  o f  EM 
S i g n a l s  i n  U n d e r g r o u n d  M i n e s " ,  a n d  H 0 3 7 7 0 5 3 ,  " E l e c t r o m a g n e t i c  
P r o p a g a t i o n  i n  Low Coal  Mines  a t  Medium F r e q u e n c i e s " .  These p r e v i o u s  
s t u d i e s  were l i m i t e d  i n  f r equency  r a n g e  t o  0.1 - 4  MHz u s i n g  c o n t i n u o u s  
wave (CW) i n s t r u m e n t a t i o n .  T h e  c u r r e n t  work h a s  employed modern  
swept- f requency t e c h n i q u e s  i n  a d d i t i o n  t o  CW t e s t i n g ,  t h u s  e n a b l i n g  
more e f f i c i e n t  and comprehens ive  c h a r a c t e r i z a t i o n  o f  mines .  

T h e  p r e v i o u s  w o r k .  b e g i n n i n g  i n  1 9 7 4 - 1 9 7 5 ,  w a s  p e r f o r m e d  i n  
c o n j u n c t i o n  wi th  a  U.S.B.M. s p o n s o r e d  p r o t o t y p e  r a d i o  development by 
R o c k w e l l / C o l l i n s  u n d e r  C o n t r a c t  H0346067 a n d  a  compan ion  a n a l y t i c a l  
s t u d y  by A r t h u r  D.  L i t t l e  u n d e r  U.S.B.M. C o n t r a c t  H0346045. The 
p r e v i o u s  w o r k  e s t a b l i s h e d  t h e  f e a s i b i l i t y  o f  l o c a l  c o a l  s e a m  
t r a n s m i s s i o n  a t  med ium f r e q u e n c i e s  a t  r a n g e s  t o  1 6 0 0  f e e t  i n  
c o n d u c t o r - f r e e  a r e a s  a n d  l o n g  r a n g e  t r a n s m i s s i o n  v i a  i n d u c t i v e  
c o u p l i n g  i n t o  e x i s t i n g  mine w i r i n g  up t o  f o u r  miles. 

W i t h i n  t h e  l a s t  t w o  y e a r s ,  t h e  m i n e  s u p p l y  i n d u s t r y  h a s  become 
i n t e r e s t e d  i n  e x t e n d i n g  c a r r i e r  phone  c o m m u n i c a t i o n  c a p a b i l i t i e s  t o  
v e h i c l e s  a n d  p e r s o n n e l  o n  a  w i r e l e s s  b a s i s ,  a n d  i n  p r o v i d i n g  
e q u i v a l e n t  c a r r i e r  p h o n e  c o m m u n i c a t i o n s  i n  m i n e s  w i t h o u t  DC h a u l a g e .  
The c u r r e n t  work is  very  t i m e l y  a s  i t  r o u g h l y  c o i n c i d e s  w i t h  t h e  f i r s t  
i n t r o d u c t i o n  o f  m a t u r e  w i r e l e s s  c o m m u n i c a t i o n s  h a r d w a r e  t o  t h e  
m a r k e t p l a c e  by t h e  Mine S a f e t y  A p p l i a n c e  Company. T h i s  i n t r o d u c t i o n  
h a s  b e e n  g r e a t l y  a i d e d  a n d  e x p e d i t e d  by t h e  U.S.B.M. d e v e l o p m e n t  
s p o n s o r s h i p  o f  a  modern s e t  o f  medium f r e q u e n c y  w i r e l e s s  r a d i o  sys tem 
e l e m e n t s  by A.R.F. P r o d u c t s  Co. under  C o n t r a c t  H0308004. 

The  p o t e n t i a l  o f  i m p r o v i n g  t h e  h e a l t h ,  s a f e t y  a n d  o p e r a t i o n a l  
e f f i c i e n c y  i n  c o a l  m i n i n g  o p e r a t i o n s  t h r o u g h  w i r e l e s s  communicat ions 
w i t h  r o v i n g  v e h i c l e s  and  p e r s o n n e l  h a s  l o n g  b e e n  r e c o g n i z e d  by t h e  



Bureau. But the efficacy of wireless communications in metal/non-metal 
mines in t e r m s  o f  e i t h e r  t e c h n i c a l  f e a s i b i l i t y  o r  operational 
significance has not been shown t o  the mine electronics community. 
This is because the wide variations in mining techniques, topologies 
and geological parameters which exist in these metal/non-metal mines 
have precluded the tacit extension of the previous work. Thus, a goal 
of this current work has been to attain an understanding of the varied 
o p e r a t i o n s  in t h e s e  m i n e s  a n d  t o  s e e k  o u t  c o m m o n  n e e d s  and 
possibilities for improved communications. 

A compendium of wireless communication system design information has 
previously been prepared by t h e  a u t h o r s  under U.S.B.M. Contracts 
50395072 and H0377013. "Wireless Communications for Trackless Haulage 
Vehiclesn. This work compiled the results of the foregoing referenced 
wireless work with all other pertinent work known by the authors at 
that time, circa 1979. This compendium provides the data base for the 
current program. Although an updating of this rather comprehensive 
compendium is beyond the scope o f  this contract, the current results 
compliment the compended data and extend its general applicability. 

To date, neither large scale developmental or operational wireless 
systems exist in mines, except for a few instances where carrier phone 
operation has been extended to moving vehicles through the use o f  
inductive v e h i c u l a r  antennas. Generally. t h e  relatively poor 
sensitivity of carrier phone systems has precluded their proliferation 
in this application. UHF systems employing reflectors and repeaters 
have also been adapted to m i n e s  o n  a limited basis however their 
utility is largely limited to line o f  sight applications (such as 
along haulageways) and c o m p l e t e  mine-wide coverage is untenably 
expensive for most m i n e s  ( a s  e v i d e n c e d  by t h e  limited number of 
operational systems in spite of t h e  technological feasibility and 
product availability which now spans a decade). 

Wireless medium frequency t e c h n o l o g y  i s  n o w  at the threshold of 
operational realization and a proliferation of wireless implementations 
is expected to occur in the mining industry over the next few years. 
The authors hope that this work will provide a significant contribution 
to this growth in wireless mine communications. 

This report has been written as a practical document which may be used 
on an industry-wide basis by qualified system applications people in 
addition to scientific researchers. It is not a "stand-alonen document, 
however, and the design of complete systems is additionally referenced 
to reports from the foregoing contracts. 

2.2 METAL/NON-METAL MINING OPERATIONS SUMMARY 

Mines w e r e  s e l e c t e d  (from i n f o r m a t i o n  found in t h e  1 9 8 0  ELMJ 



INTERNATIONAL DIRECTORY OF MINING AND MINERAL PROCESSING OPERATIONS 
and from 1980 MSHA comvuter ~ r i n t o u t s  vrovided bv the MSEA Health and 

~~~ ~ ~~ - - - -  ~- - - - -  

Safety Analysis ~ e n t i r  in D e n v e r ,  colorado) according t o  general 
criteria including the following: 

- significance of the product being mined 
- size of the mine 6 number of employees 

- type of ore, metal or non-metal 
- type of ore deposit 
- type of mining technique 

Mines considered as viable candidates for this program were comprised 
of non-metallnon-rock mines (of which there are 105 total) with 100 
employees or more (of which there are 26); and metal mines (more than 
800) with 100 employees or more (of which there are 73). Statistics on 
the non-metallnon-rock mines include: 

- total mines 105 - fewer than 25 employees 6 3 - w125-50 employees 6 - wI50-100 employees 10 - ~1100-200 employees 9 
- ~1200-400 employees 13 - greater than 400 employees 5 

- 60% have fewer than 25 employees - 15% have 25-100 employees - 25% have greater than 100 employees 
Similar statistics for metal mines were not assessed for fewer than 100 
employees due to the large number of mines involved. However, for both 
non-metallnon-rock and metal mines, most are very small and there are 
only about 100 mines total in both categories with 100 employees or 
more. 

By ore type for metal mines, t h e  top four i n  decending order of 
importance by number of employees are: 

- copper - uranium - leadlzinc - molybdenum, 



and by t h e  number o f  mines a r e :  

- l e a d / z i n c  - uranium - copper  - s i l v e r .  

There  a r e  on ly  t h r e e  molybdenum m i n e s  i n  t h e  U.S. and t h e r e  p robab ly  
w i l l  n o t  be more i n  t h e  n e a r  f u t u r e ,  s o  t h e s e  mines were r u l e d  o u t  a s  
b e i n g  o f  primary i m p o r t a n c e  f o r  t h e  p u r p o s e s  o f  t h i s  s t u d y .  Copper,  
uranium and l e a d / z i n c  w e r e  l e f t  a s  t h e  t o p  t h r e e  based  on t h e  number 
o f  employees. t h e  number o f  m i n e s  a n d  t h e i r  c o n t i n u i n g  s t r a t e g i c  and 
economic impor tance .  

P r e c i o u s  m e t a l  m i n e s  a r e  n o t  n e c e s s a r i l y  r a n k a b l e  i n  i m p o r t a n c e  by 
mine s i z e  o r  number o f  e m p l o y e e s  b e c a u s e  o f  t h e  e c o n o m i c  v a l u e  o f  
t h e i r  p r o d u c t .  A s i l v e r  mine  i n  t h e  Cour d1Alene  mining d i s t r i c t ,  
was added t o  t h e  t o p  t h r e e  m e t a l s  i n  l i e u  o f  o t h e r  t y p e s  o f  p r e c i o u s  
m e t a l  mines ( m e a s u r e m e n t s  a r e  a l s o  r e q u i r e d  t h e r e  by t h e  c o n t r a c t ) .  
A d d i t i o n a l l y ,  m e t a l  m i n e s  a r e  p r o b a b l y  o f  more e c o n o m i c  i m p o r t a n c e  
t h a n  a r e  non-meta l  m i n e s .  F o u r  o u t  o f  t h e  s i x  m i n e s  a v a i l a b l e  f o r  
s e l e c t i o n  were chosen t o  be  m e t a l  mines.  

By o r e / p r o d u c t  t y p e  f o r  n o n - m e t a l / n o n - r o c k  m i n e s ,  t h e  t o p  f o u r  i n  
decend ing  o r d e r  b o t h  by number o f  mines and number o f  employees a r e :  

- s a l t  - p o t a s h  ( p o t a s s i u m  o x i d e )  - sodium - o i l  s h a l e .  

A p o t a s h  mine was s e l e c t e d  f o r  t e s t i n g  because :  

- t h e  mining o p e r a t i o n s  and t o p o l o g i e s  a r e  more l i k e  c o a l  
mines t h a n  f o r  any o t h e r  o r e  t y p e  

- t h e  overburden and underburden a r e  s a l t :  t h u s ,  
c o n s t i t u i t i v e l y ,  a  p o t a s h  mine i s  a  s a l t  mine e x c e p t  
f o r  t o p o l o g i c a l  d e t a i l s .  F u r t h e r ,  due t o  t h e  e x t e n t  o f  
t h e  s a l t  l a y e r s ,  t h e  s t r a t a  p r e s e n t s  a  n e a r l y  homongenous 
( n e a r l y  t h e o r e t i c a l l y  i d e a l )  medium f o r  t e s t i n g  
p r o p a g a t i o n .  

An o i l  s h a l e  mine was s e l e c t e d  f o r  t e s t i n g  i n  l i e u  o f  sodium because  
o f  t h e  a n t i c i p a t e d  e c o n o m i c  i m p o r t a n c e  a n d  t h e  e x p e c t e d  r a p i d  



proliferation of these mines in the near future. 

The top five states in terms of number of mines of both metal and 
non-metallnon-rock ores are: 

- New Mexico - Missouri - Colorado - Tennessee - Idaho. 
Five of the six selected mines were located in the above list and the 
sixth mine in Arizona. 

The mine types selected for testing during this program, in order of 
visitation, were as follows: 

- Oil Shale (Western Colorado) 
thick bedded deposit; multi-level 
in-situ retort 

- Uranium (Northwestern New Mexico) 
bedded deposit in sandstone; 
irregular room 6 pillar in stopes 
varying with grade of ore 

- Potash (Southern New Mexico) 
bedded deposit in massive salt 
deposit 

- LeadIZinc (Eastern Missouri) 
bedded deposit 

- Copper (Southern Arizona) 
massive deposit; block caving 
used 

- Silver (Northern Idaho) 
deep-vein metal 



The f o l l o w i n g  s u b s e c t i o n s  s u m m a r i z e  t h e  o p e r a t i o n s  and o t h e r  s a l i e n t  
c h a r a c t e r i s t i c s  o f  t h e  v i s i t e d  mines.  

2 .2 .1  OCCIDENTAL OIL SHALE, I N C .  LOGAN WASH M I N E  

O c c i d e n t a l  O i l  S h a l e ,  I n c . ,  i n  c o o p e r a t i o n  w i t h  t h e  D e p a r t m e n t  o f  
Energy. h a s  developed an  " i n - s i t u "  p r o c e s s  f o r  t h e  e x t r a c t i o n  o f  c r u d e  
o i l  from o i l  s h a l e  i n  t h e i r  e x p e r i m e n t a l  Logan Wash mlne o u t s i d e  o f  
Grand J u n c t i o n .  Colorado.  O i l  s h a l e  is  f ragmented  and h e a t e d  i n  mass ive  
c r u c i b l e s  ( c a l l e d  r e t o r t s )  t o  v a p o r i z e  t h e  e n t r a p p e d  o i l ,  which is  
t h e n  condensed,  c o l l e c t e d '  a n d  r e f i n e d .  The new p r o c e s s  c o n s i s t s  o f  
t h e  f a b r i c a t i o n  o f  r e t o r t s  u n d e r g r o u n d  from t h e  s t r a t a  s u r r o u n d i n g  t h e  
o r e  t o  b e  p r o c e s s e d .  T h e  r e t o r t s  a r e  i g n i t e d  a n d  r e s u l t  i n  a  
g a s i f i c a t i o n  of t h e  o i l  w i t h  s u b s e q u e n t  c o n d e n s a t i o n  and f low o f  o i l  
f r o m  t h e  r e t o r t  b a s e .  T h e  o p e r a t i o n  a t  L o g a n s  Wash i n v o l v e s  
development of t h r e e  l e v e l s  which  a r e  l o c a t e d  a t  t h e  t o p .  middle  and 
b a s e  o f  t h e  r e t o r t s .  w i t h  a p p r o x i m a t e l y  100 f e e t  o f  s e p a r a t i o n  between 
l e v e l s .  F u t u r e  o p e r a t i o n s  may p e r m i t  e l i m i n a t i o n  o f  t h e  midd le  l e v e l .  
The r e t o r t s  a r e  c o n f i g u r e d  i n  r o w s  a l o n g  d r i f t s  t h a t  a r e  t w e n t y  t o  
t h i r t y  f e e t  w i d e  a n d  t e n  t o  t w e n t y  f e e t  i n  h e i g h t .  The d r i f t s  a r e  
connec ted  by p e r p e n d i c u l a r  c r o s s c u t s  a t  r e g u l a r  i n t e r v a l s  s o  t h a t  t h e  
mine topology h a s  t h e  a p p e a r a n c e  o f  a  d e n s e  m a t r i x  of r e t o r t s ,  which 
s h a r e  common o i l  pumping and o f f - g a s  l i n e s .  The t echno logy  developed 
a t  Logan Wash w i l l  be  a p p l i e d  i n  a  p r o d u c t i o n  f a c i l i t y  a t  O c c i d e n t a l  
O i l  S h a l e ' s  C a t h e d r a l  B lu f f  f a c i l i t y ,  which i s  b e i n g  d e s i g n e d  a t  t h i s  
time and is expec ted  t o  become o p e r a t o n a l  i n  t h e  mid 1980 's .  

O i l  s h a l e  i s  s t r a t i f i e d ,  mass ive ly  d i s s e m i n a t e d  r o c k ,  which is  normal ly  
bounded  by o t h e r  g r a d e s  o f  s h a l e .  T y p i c a l  s t r a t a  may e x t e n d  f r o m  
s e v e r a l  f e e t  t o  s e v e r a l  t h o u s a n d  f e e t  i n  d e p t h .  Due t o  t h e  v a s t  
d e p o s i t s  of o i l  s h a l e  i n  C o l o r a d o ,  U t a h ,  and  Wyoming (and t h e  obv ious  
economic f a c t o r s ) .  t h e  l a r g e s t  and  mos t  homogeneous  d e p o s i t s  w i l l  be  
i n i t i a l l y  mined .  The mine  d e v e l o p m e n t  c o n s i s t s  o f  s i n k i n g  v e r t i c a l  
s h a f t s  a n d  d r i v i n g  d r i f t s  w i t h  c o n v e n t i o n a l  m i n i n g  e q u i p m e n t .  
T r a c k l e s s  hau lage  v e h i c l e s  a r e  u s e d  t o  remove t h e  e x c e s s  s h a l e ,  which 
i s  t r a n s p o r t e d  t o  c o n v e n t i o n a l  s u r f a c e  r e t o r t i n g  o p e r a t i o n s .  The 
p r o p o s e d  d e v e l o p m e n t  a t  C a t h e d r a l  B l u f f  w i l l  use a  c o m b i n a t i o n  o f  
b e l t  a n d  t r a c k l e s s  h a u l a g e  c o n v e y a n c e  s y s t e m s .  T h e  d r i f t s  a r e  
s u p p o r t e d  by roof  b o l t s  and w i r e  mesh.  The mining o p e r a t i o n  r e s u l t s  i n  
t h e  r e l e a s e  o f  m e t h a n e  g a s ,  s o  t h a t  t h a t  m o n i t o r i n g  a n d  v e n t i l a t i o n  
s y s t e m s  s i m i l a r  t o  t h o s e  u s e d  i n  c o a l  m i n e s  a r e  r e q u i r e d ,  when 
" h i g h - d e n s i t y "  o r e  i s  b e i n g  m i n e d .  The c o n s i s t e n t  u s e  o f  e x p l o s i v e s  
and t h e  g a s s y  e n v i r o n m e n t  n e c e s s i t a t e  t h e  u s e  o f  i n t r i n s i c a l l y  s a f e  
communication equipment f o r  bo th  v e h i c u l a r  and man-carr ied equipment.  

A r e t o r t  i s  f a b r i c a t e d  by s i n k i n g  a  s h a f t  a n d  p l a c i n g  r i n g s  o f  
e x p l o s i v e s  a l o n g  t h e  s h a f t  h e i g h t  t o  s y s t e m a t i c a l l y  r u b b l i z e  t h e  
i n t e r i o r  r o c k .  The i n t a c t  r o c k  a r o u n d  t h e  r e t o r t  t h e n  a c t s  a s  t h e  



r e t o r t  c a s i n g .  The  r e t o r t  i s  s e a l e d ,  p r e s s u r e  t e s t e d ,  and  t h e  t o p  
s u r f a c e  o f  t h e  f ragmented  r o c k  i s  i g n i t e d .  S team and a i r  a r e  i n j e c t e d  
t o  h e a t  t h e  r e t o r t  t o  900-1000 d e g r e e s  F.  The  h e a t  and p r e s s u r e  c a u s e  
g a s i f i c a t i o n  o f  . t h e  o i l  n e a r  t h e  f l a m e  f r o n t ,  w h i c h  t h e n  d i f f u s e s  
downward,  c o n d e n s e s ,  and  f l o w s  o u t  o f  a  p i p e  a t  t h e  r e t o r t  b a s e .  
I n i t i a l l y ,  an o i l / w a t e r  s l u r r y  d r a i n s  f rom t h e  b a s e  which i s  c o l l e c t e d  
and s e p a r a t e d .  I n  a d d i t i o n  t o  t h e  f l u i d  m i x t u r e ,  a  s u b s t a n t i a l  amount 
o f  e x h a u s t  gas  ( " o f f - g a s w )  i s  g e n e r a t e d  by t h e  r e t o r t ,  which c o n t a i n s  
t h e  c h a r a c t e r i s t i c  p r o d u c t s  o f  raw hydro-carbon combustion (CO, CO . 
H S  and  some u n c o m b u s t e d  h y d r o c a r b o n s ) .  The o f f - g a s  i s  p i p e d  t o  a  
s u r f a c e  p r o c e s s i n g  p l a n t  w h i c h  s c r u b s  a n d  n e u t r a l i z e s  t h e  g a s  b e f o r e  
v e n t i n g  it t o  t h e  a tmosphere .  The  f l a m e  f r o n t  is  s u s t a i n e d  by g a s i f i e d  
o i l  and blown-in a i r  and s l o w l y  p r o g r e s s e s  downward i n  t h e  r e t o r t .  The 
r e t o r t  a c t i v e l y  p r o d u c e s  o i l  f o r  a p p r o x i m a t e l y  n i n e  months  and t h e n  
s l o w l y  burns  o u t  o v e r  a  p e r i o d  o f  a n o t h e r  y e a r .  

The o i l  p r o d u c t i o n  c o n s i s t s  o f  two d i s c r e t e  phases  which have  s e p a r a t e  
communication r e q u i r e m e n t s .  The  m i n i n g  a n d  f a b r i c a t i o n  o f  t h e  r e t o r t s  
i s  t h e  f i r s t  p h a s e  a n d  had  o p e r a t i o n a l  c o m m u n i c a t i o n  r e q u i r e m e n t s  
s i m i l a r  t o  m u l t i - l e v e l ,  m u l t i - w o r k i n g  s e c t i o n  c o a l  mining  o p e r a t i o n s .  
Communication l i n k s  a r e  r e q u i r e d  t o  h o i s t s ,  w i t h i n  w o r k i n g  s e c t i o n s  
(be tween a l l  t h r e e  l e v e l s ) ,  a l o n g  h a u l a g e w a y s  and conveyor b e l t s ,  and 
t o  t h e  s u r f a c e  s u p p o r t  p l a n t s :  mine  s u p p o r t  ( v e n t i l a t i o n ,  dewa te r ing .  
h a u l a g e ) ;  s u r f a c e  p r o c e s s i n g  ( s u r f a c e  s h a l e  t r a n s p o r t  o p e r a t i o n s ) ;  and 
u t i l i t i e s  ( e l e c t r i c i t y ,  w a t e r ,  f u e l ) .  T h e  m i n i n g  p h a s e  r e q u i r e s  
v e n t i l a t i o n  m o n i t o r i n g  f o r  L E L  m e t h a n e  ( t h e  l o w e s t  e x p l o s i v e  l e v e l  a t  
which m e t h a n e / a i r  m i x t u r e s  w i l l  i g n i t e )  and a i r  f low.  

The s e c o n d  o p e r a t i o n a l  p h a s e  i s  t h e  p r o c e s s  c o n t r o l  p h a s e  which i s  
c o n d u c t e d  by a  s e p a r a t e  g r o u p  o f  t e c h n i c a l  p e r s o n n e l .  The p r o c e s s  
c o n t r o l  group c o o r d i n a t e s  t h e  p l u m b i n g ,  s e a l i n g .  f i r i n g  and m o n i t o r i n g  
o p e r a t i o n s  a s s o c i a t e d  wi th  t h e  o i l  e x t r a c t i o n  p r o c e s s .  P r o c e s s  c o n t r o l  
a c t i v i t i e s  i n c l u d e  t r a c k i n g  t h e  f i r e  f r o n t  i n  t h e  r e t o r t s  ( a n d  
r e d i r e c t i n g  it i f  n e c e s s a r y ) ,  e v a l u a t i n g  t h e  o f f - g a s  compos i t ion  ( a s  
an  i n d i c a t i o n  o f  r e t o r t  p e r f o r m a n c e ) ,  e v a l u a t i n g  t h e  a i r  p u r i f i c a t i o n  
p r o c e s s  a n d  m o n i t o r i n g  t h e  g a s  a n d  f l u i d  l i n e s  f o r  l e a k a g e .  
Communication l i n k s  a r e  r e q u i r e d  l o c a l l y  a t  t h e  r e t o r t s  (between t h e  
l e v e l s  and a l o n g  t h e  d r i f t s )  a n d  t o  t h e  s u r f a c e  p l a n t s .  i n c l u d i n g  t h e  
o f f - g a s  p r o c e s s i n g  p l a n t .  M o n i t o r i n g  i s  r e q u i r e d  a t  r e g u l a r  i n t e r v a l s  
a l o n g  t h e  o f f -gas  l i n e s  and t o  t r a c k  t h e  f lame f r o n t  i n  t h e  r e t o r t s .  

The  f u l l y  o p e r a t i o n a l  s y s t e m  a t  C a t h e d r a l  B l u f f  w i l l  c o n t a i n  
n i n e t y - s i x  p r o d u c i n g  r e t o r t s .  w i t h  e q u i v a l e n t  numbers  i n  f a b r i c a t i o n  
a n d  " c o o l i n g - d o w n w .  S u b s t a n t i a l  s e p a r a t i o n  b e t w e e n  m i n i n g  a n d  
p roduc ing  a r e a s  w i l l  b e  m a i n t a i n e d  t o  p r e s e r v e  t h e  i n t e g r i t y  o f  t h e  
a c t i v e  r e t o r t  s t r u c t u r e s  from t h e  s t r e s s  o f  b l a s t i n g  and t h e  d r i f t  and 
s h a f t  mining o p e r a t i o n s .  



The Logan Wash mine h a s  been u s e d  t o  d e v e l o p  t h e  p r o d u c t i o n  t e c h n i q u e s  
and p r o c e d u r e s  f o r  f a b r i c a t i n g  a n d  o p e r a t i n g  t h e  i n - s i t u  r e t o r t i n g  
system. The f a c i l i t y  o p e r a t e s  on  t h r e e  a c t i v e  l e v l s  underground and on 
t h e  s u r f a c e  of a  mesa which i s  approx imate ly  2.500 f e e t  above t h e  l o c a l  
t e r r a i n .  The p r o p a g a t i o n  t e s t s  w e r e  c o n d u c t e d  o n  t h e  l o w e s t  o r  
" p r o d u c t n  l eve l  a t  t h e  end o f  t h e  L-700 d r i f t  n e a r  R e t o r t  C6. The rock  
a l o n g  t h e  d r i f t  was o b s e r v e d  t o  b e  a  s t r a t i f i e d  d e p o s i t  o f  common and 
o i l  s h a l e  of v a r y i n g  compos i t ion .  

2.2.2 UNITED NUCLEAR/HOMESTAKE PARTNERS SECTION 23 MINE 

The Uni ted  Nuclear/Homestake P a r t n e r s  uranium mines a r e  l o c a t e d  i n  t h e  
Ambros ia  Lake  d i s t r i c t  o f  N o r t h w e s t e r n  N e w  Mexico .  T h i s  d i s t r i c t ,  
t o g e t h e r  w i t h  c o n t i g u o u s  a r e a s  i n  t h i s  p a r t  o f  New Mexico.  c o n t a i n s  
a p p r o x i m a t e l y  50% o f  t h e  known u r a n i u m  d e p o s i t s  i n  t h e  wor ld .  Mining 
i n  t h i s  o v e r a l l  r e g i o n  h a s  b e e n  i n  p r o g r e s s  f o r  b e t w e e n  20 and  30 
y e a r s .  

Two d i s t i n c t i v e  t y p e s  o f  o r e  b o d i e s  a r e  e n c o u n t e r e d  i n  t h e  d i s t r i c t ,  
and a r e  r e f e r r e d  t o  a s  p r i m a r y  ( t r e n d )  a n d  s e c o n d a r y  ( r e d i s t r i b u t e d )  
d e p o s i t s .  T h e s e  d e p o s i t s  a r e  l o c a t e d  a p p r o x i m a t e l y  500-800 f e e t  
benea th  t h e  r e l a t i v e l y  f l a t  Ambrosia Lake s u r f a c e .  

The pr imary  o r e  b o d i e s  v a r y  f rom a  few i n c h e s  t h i c k  a t  t h e  e d g e s  t o  
t y p i c a l l y  seven f e e t  a t  t h e  n r o l l n  n e a r  t h e  c e n t e r ,  and seldom exceed 
17  f e e t .  The p r i m a r y  o r e  i s  a  d a r k  g r e y - t o - b l a c k  medium g r a i n e d  
s a n d s t o n e .  The t y p i c a l  o r e  body l a t e r a l  e x t e n t  i s  approx imate ly  200 
f e e t ,  bu t  they  o c c a s i o n a l l y  r e a c h  a s  much a s  1000 f e e t  i n  l e n g t h .  The 
secondary  o r e  b o d i e s  a r e  l a r g e r  a n d  r a n g e  i n  t h i c k n e s s  between seven 
and 150 f e e t  . 
The o b j e c t  o f  u ran ium m i n i n g  i s  t o  t a k e  t h e  o r e  w i t h  a s  l i t t l e  w a s t e  
a s  p o s s i b l e .  Once a  p a r t i c u l a r  body i s  l o c a t e d  a n d  mining b e g i n s ,  an 
e f f o r t  is made t o  m i n i m i z e  t h e  s i z e  o f  s t o p e  c r o s s  s e c t i o n s  f o r  t h e  
t h i n  o r e s .  The p r i n c i p a l  mining t e c h n i q u e  i s  t h e  s t o p e  and r a i s e  
method. Because o f  t h e  d i s c r e t e  and p h y s i c a l l y  v a r i a b l e  n a t u r e  o f  t h e  
o r e  bod ies .  a  number o f  v a r i a t i o n s  o f  t h e  min ing  t e c h n i q u e  a r e  o f t e n  
employed w i t h i n  a  s i n g l e  m i n e .  N o r m a l l y  w i t h i n  a  l o c a l  a r e a  two 
l e v e l s  a r e  e m p l o y e d ,  h o w e v e r ,  t h e  d e p t h  o f  t h e s e  l e v e l s  w i l l  v a r y  
w i t h i n  t h e  o v e r a l l  m i n e  t o p o l o g y  and  t h e  c o m p o s i t e  mine  w i l l  l i k e l y  
embody a  number  o f  s l i g h t l y  o f f s e t  l e v e l s .  T h e  s t o p e  a r e a s  a r e  
r e l a t i v e l y  s m a l l  a n d  a r e  somewhat  r andom,  d e p e n d i n g  on what m u s t  be  
done t o  g e t  t h e  o r e .  I n  t h e  r a r e  c a s e s  where t h e  o r e  b o d i e s  a r e  t h i c k e r  
t h a n  t h e  u s u a l  s t o p e  h e i g h t  o f  s e v e n  f e e t , ,  a  " m i n i n  b l o c k  c a v i n g  
( " sc ramn)  method i s  u s e d  by c o n s t r u c t i n g  s e v e r a l  s h o r t  r a i s e s  w i t h i n  
t h e  s t o p e s  and  p u l l i n g  t h e  o r e  u n t i l  t h e  u p p e r  o r e  body l i m i t  i s  
reached .  For l a r g e r  o r e  b o d i e s  o f  r e l a t i v e l y  uni form l a t e r a l  e x t e n t .  
t h e  s t o p e  a r e a s  employ a  l i m i t e d  room-and-p i l l a r  geometry w i t h  p i l l a r s  



on abou t  30 f o o t  c e n t e r s .  

The  m o s t  common m e a n s  o f  m i n i n g  t h e  s m a l l e r  o r e  b o d i e s  e m p l o y s  
s l u s h e r s  t o  " p u l l "  t h e  d y n a m i t e d  o r e  t o  a  s i n g l e  muck pocke t  r a i s e .  
The s l u s h e r  is a  s m a l l  d r a g  l i n e  w i t h  a w i n c h  on t h e  head o r  drum end 
( o p e r a b l e  from 480 V A C )  wi th  a  p u l l e y  on t h e  t a i l  end.  The p i l l a r s  a r e  
e v e n t u a l l y  p u l l e d  wi th  temporary  t i m b e r  s u p p o r t  b e i n g  p rov ided .  

I n  d e v e l o p i n g  an  o r e  body. d r i f t s  a r e  d r i v e n  (30-50fee t )  b e n e a t h  t h e  
d e p o s i t .  Access and  muck p o c k e t  r a i s e s  a r e  t h e n  e x t e n d e d  v e r t i c a l l y  
i n t o  t h e  body. w i t h  s u b s e q u e n t  h o r i z o n t a l  s t o p e  development.  Ore body 
p r o b i n g .  s u r v e y i n g  and  d e t a i l i n g  a r e  p e r f o r m e d  eve ry  s h i f t  t o  p r o v i d e  
e f f e c t i v e  p r o d u c t i o n  c o n t r o l  o f  t h e  mining.  

H i s t o r i c a l l y ,  t h e  h a u l a g e  was 100% t r a c k e d  u s i n g  d i e s e l  motors  and a  
s t r i n g  of 8-ton (%yard)  c a r s .  T h i s  p e r m i t t e d  t h e  u s e  of  t h e  n a r r o w e s t  
h a u l a g e  d r i f t s  ( t y p i c a l l y  s e v e n  f e e t  h i g h  a n d  1 0 - f e e t  w i d e ) .  
C u r r e n t l y ,  t h e  h a u l a g e  i s  a  m i x t u r e  o f  t r a c k e d  and rubber  t i r e d  ( u s i n g  
d i e s e l  a r t i c u l a t e d  dump t r u c k s ) ;  a l t h o u g h ,  t h e  f i n a l  h a u l a g e  t o  t h e  
main p o r t a l  s h a f t  muck a n d  w a s t e  p o c k e t s  f o r  s k i p p i n g  i s  t r a c k e d .  The 
rubber  t i r e d  h a u l a g e  d e v e l o p e d  a s  a  c o n s e q u e n c e  o f  t h e  second major  
v a r i a t i o n  i n  m i n i n g  t e c h n i q u e ,  c a l l e d  "Wagnertw m i n i n g .  The name o f  
t h i s  t y p e  is  based  on u s e  o f  a  b r a n d  name (Wagnert)  s m a l l  l o a d e r  t h a t  
i s  used i n  l i e u  o f  s l u s h e r s  f o r  l o a d i n g  t h e  o r e  f o r  t r a n s p o r t  t o  t h e  
muck pocket  r a i s e  g r i z z l e y s .  Wagner t  m i n i n g  o f f e r s  g r e a t  f l e x i b i l i t y  
i n  d e v e l o p i n g  h a u l a g e  t o p o l o g i e s  i n  t h e  m i n e ,  b u t  r e q u i r e s  l a r g e r  
d r i f t s  f o r  t h e  t r u c k s  and  l a r g e r  s t o p e s  f o r  t h e  l o a d e r s .  Hence, more 
p o t e n t i a l  w a s t e  p e r  t o n  o f  o r e  mined. 

To i l l u s t r a t e  t h e  v a r i e d  t o p o l o g y  a n d  h a u l a g e  p r o c e d u r e s  i n v o l v e d ,  a  
s m a l l  o r e  body may u s e  a  s l u s h e r  t o  d e v e l o p  t h e  s t o p e s  and f i l l  t h e  
s t o p e  muck pocke t .  These  p o c k e t s  may b e  p u l l e d  e i t h e r  by a  t r u c k  o r  a  
t r a i n .  I f  t h e  muck i s  p u l l e d  by a  t r u c k  moto rman ,  t h e  muck i s  t h e n  
h a u l e d  and dumped i n t o  a n o t h e r  muck p o c k e t  f o r  l o a d i n g  o n t o  a  t r a i n ;  
w h i c h ,  i n  t u r n ,  h a u l s  t h e  muck ( a n d / o r  w a s t e )  t o  t h e  p r i m a r y  muck 
pocke t  a t  t h e  main p o r t a l  s h a f t  f o r  s k i p p i n g  t o  t h e  s u r f a c e .  

l Reference  t o  s p e c i f i c  b r a n d s ,  equipment ,  o r  t r a d e  names i n  t h i s  
r e p o r t  i s  made t o  f a c i l i t a t e  u n d e r s t a n d i n g  a n d  d o e s  n o t  i m p l y  
endorsement  by t h e  Bureau o f  Mines. 



The  u r a n i u m  o x i d e ,  U308, c o n s t i t u e n c y  o f  p r i m a r y  o r e  r u n s  10% o r  
b e t t e r .  D i l u t i o n  o f  t h e  o r e  i n  t h e  mined m a t e r i a l  o c c u r s  b e c a u s e  t h e  
o r e  c r o s s  s e c t i o n  p e r  d r i f t / s t o p e  i s  f r e q u e n t l y  s m a l l e r  t h a n  t h e  t o t a l  
c r o s s  s e c t i o n  s i z e  r e q u i r e d  f o r  t h e  mine  v e h i c l e s  and equipment.  The 
c o n c e n t r a t i o n  p e r  volume o f  m a t e r i a l  mined i n  t h e  p r i m a r y  t r e n d  i s  
rough ly  0.3-0.45, which a t  $30 p e r  pound (1981 v a l u e  p rov ided  by mine 
p e r s o n n e l )  h a s  a  n e t  v a l u e  o f  $180-$240 p e r  t o n .  The secondary  o r e  i s  
, a p p r o x i m a t e l y  0.4% u r a n i u m  o x i d e ,  b u t  d o e s  n o t  s u f f e r  a s  s e v e r e  a  
d i l u t i o n  i n  volume o f  m a t e r i a l  mined b e c a u s e  t h e  l a r g e r  o r e  d e p o s i t s  
a r e  more congruen t  w i t h  t h e  s t a n d a r d  d r i f t / s t o p e  c r o s s  s e c t i o n s .  The 
c o n c e n t r a t i o n  p e r  volume o f  m a t e r i a l  mined i n  a  secondary  o r e  body may 
a v e r a g e  0.15-0.2%. y i e l d i n g  $90-$120 p e r  t o n  a t  c u r r e n t  (1981) v a l u e s  
o f  $30 p e r  pound o f  *ye l low c a k e n .  

C o n t r a c t  r a t e  d e t e r m i n a t i o n  i s  an  i m p o r t a n t  a s p e c t  o f  uranium mining 
management i n  t h i s  a r e a .  T y p i c a l  t o n n a g e  o u t p u t  o f  s e c t i o n  mines r u n s  
500 t o  1000 t o n s  p e r  day. The a c t u a l  m i n i n g  i n  t h e  s t o p e s  i s  performed 
by two-man crews working on a  c o n t r a c t  b a s i s .  A very  a c t i v e  mine w i l l  
employ  up t o  20 c r e w s  p e r  s h i f t .  T h e  c r e w s  a r e  r e i m b u r s e d  on a  
p e r c e n t a g e  b a s i s  o f  p r o d u c t i o n  w h i c h  e x c e e d s  a  p r e d e t e r m i n e d  "b reak  
evenn  l e v e l ,  i n  a d d i t i o n  t o  a  b a s e  wage.  The I E  p r o c e s s  i n  t h e s e  mines 
i n c l u d e s  i n - s i t u  sampl ing  o f  t h e  o r e .  Samples a r e  t a k e n  each  s h i f t  t o  
d e t e r m i n e  s p e c i f i c a l l y  how t h e  s t o p e  d e v e l o p m e n t  i n  e a c h  mined a r e a  
s h o u l d  proceed d u r i n g  t h e  f o l l o w i n g  s h i f t .  The s h i f t e r  on each  l e v e l  
h a s  t h e  c o n s i d e r a b l e  r e s p o n s i b i l i t y  o f  o v e r s e e i n g  t h e  p l a n n i n g  
d e t a i l s  o f  m i n i n g  e a c h  d a y  on e a c h  l e v e l .  The c l o s e  and  c o n t i n u o u s  
i n s p e c t i o n  of t h e  mine d e v e l o p m e n t  by t h e  m i n e  management and t h e  use 
o f  i n d u s t r i a l  e n g i n e e r i n g  p r o v i d e s  v i s i b i l i t y  t o  m i n e  management which 
c o m p e n s a t e s  i n  some r e s p e c t s  f o r  t h e  l i m i t a t i o n s  o f  t h e  d i l u t e l y  
implemented communication sys tem c u r r e n t l y  used  i n  t h e  mine.  

2.2.3 KERR-MCGEE CHEMICAL CORP.  HOBBS POTASH FACILITY M I N E  

The Kerr-McGee Hobbs P o t a s h  F a c i l i t y  i s  o n e  o f  s e v e n  s e p a r a t e l y  
o p e r a t e d  p o t a s h  m i n e s  l o c a t e d  a l o n g  a  t h i r t y  m i l e  s e c t i o n  o f  Route 82 
b e t w e e n  C a r l s b a d  a n d  H o b b s ,  N e w  M e x i c o .  T h e s e  m i n e s  e m p l o y  
a p p r o x i m a t e l y  t h r e e  t h o u s a n d  p e r s o n s  and  p r o d u c e  97% o f  t h e  p o t a s h  
mined i n  t h e  Uni t ed  S t a t e s  w i t h  a  d a i l y  p r o d u c t i o n  of  56.000 t o n s  o f  
o r e .  ( C a n a d a  i s  t h e  w o r l d ' s  l e a d i n g  p r o d u c e r  w i t h  a  p r o d u c t i o n  o f  
99,000 t o n s  per  day . )  S i x  o f  t h e  m i n e s  ( i n c l u d i n g  t h e  Kerr-McGee mine)  
o p e r a t e  on o n e  l e v e l ,  w h i l e  o n e  m i n e ,  t h e  Amax C h e m i c a l  C o r p o r a t i o n  
mine, o p e r a t e s  on f o u r  l eve l s .  The p o t a s h  o r e  i s  t y p i c a l l y  a  bedded 
sed imen ta ry  d e p o s i t  nominal ly  r a n g i n g  i n  d e p t h  from two t o  e i g h t  f e e t  
and borde red  by " s a l t n  ( s o d i u m  c h l o r i d e )  d e p o s i t s  which a r e  hundreds  
o f  f e e t  i n  d e p t h .  "High-graden o r e  i s  a  t r a n s p a r e n t  c r y s t a l l i n e  s o l i d  
c h a r a c t e r i z e d  by a  b l u e  i s o t o p e  which  i s  randomly d i f f u s e d  th rough  t h e  
o r e  body. T y p i c a l  o r e  h a s  a  15 t o  30% y i e l d  and  i s  o b s e r v e d  t o  be  
r u s t - c o l o r e d ,  f l e c k e d  w i t h  t r a n s p a r e n t  s a l t  and  t r a n s l u c e n t  p o t a s h  



c r y s t a l s .  The p o t a s h  o r e  h a s  a n  e x t r e m e l y  b i t t e r  t a s t e ,  which  i s  
r e a d i l y  d i s t i n g u i s h e d  from t h e  b o r d e r i n g  s a l t  d e p o s i t s .  G e n e r a l l y  t h e  
p o t a s h  o r e  is s e p e r a t e d  f r o m  t h e  s a l t  b o d i e s  by a  t h i n  (nomina l ly  one  
i n c h )  l a y e r  o f  g ray  "mudn, which p e r m i t s  s i m p l e  v i s u a l  d i f f e r e n t i a t i o n  
o f  t h e  s a l t  and o r e  b o d i e s .  

The c r y s t a l l i n e  s t r u c t u r e  o f  t h e  o r e  a n d  s u r r o u n d i n g  o v e r - b u r d e n  
r e s u l t s  i n  l i m i t e d  s t r e s s  on t h e  n b a c k n  ( r o o f ) .  f l o o r  and  w a l l s ,  s o  
t h a t  r o o f  f a l l s  a r e  r a r e  and t h e  n r o c k - b u r s t n  phenomenon o f  hard-rock 
mines i s  n o n - e x i s t e n t .  Old s e c t i o n s  o f  t h e  m i n e  a r e  obse rved  t o  show 
b u l g i n g  a n d  s h e e t  c l e a v a g e  o f  t h e  r o o m  w a l l s .  T h e  s t r a t a  i s  
homogenous e x c e p t  f o r  s m a l l  random p o c k e t s  o f  g a s  o r  w a t e r  which a r e  
o p e n e d  d u r i n g  t h e  m i n i n g  p r o c e s s .  G e n e r a l l y  t h e s e  p o c k e t s  a r e  
r e g a r d e d  a s  m o r e  o f  a  n u s i a n c e  t h a n  a  h a z a r d ,  a l t h o u g h  MSHA i s  
c u r r e n t l y  ( 1 9 8 1 )  c o n d u c t i n g  g a s  s a m p l e  a n a l y s i s  t o  d e t e r m i n e  i f  
c o m b u s t i b l e  g a s e s  a r e  p r e s e n t .  Roof b o l t s  a n d / o r  g u n i t i n g  i s  used i n  
permenant underground f a c i l i t i e s ,  s u c h  a s  n e a r  l i f t s .  power s t a t i o n s ,  
i n v e n t o r y  and  m a i n t e n a n c e  a r e a s  a n d  s p o r a d i c a l l y  a l o n g  h a u l a g e  and 
i n t a k e  a i r  rooms where pocke ted  a r e a s  h a v e  been uncovered o r  p o t e n t i a l  
r o o f  c l e a v a g e  i s  s u s p e c t e d .  Timbers and h e a d e r s  a r e  n o t  r e q u i r e d .  

The  m i n i n g  p r o c e s s  c l o s e l y  p a r a l l e l s  t h a t  o f  c o a l  m i n i n g  w i t h  
c o n t i n u o u s  miners o r  long-wall  m i n e r s  a n d  b e l t  h a u l a g e  used th roughou t  
t h e  b a s i n .  The  m i n i n g  i n s t a l l a t i o n s  i n c l u d e  s u r f a c e  p r o c e s s i n g  
p l a n t s .  which r e f i n e  and b a g  t h e  p r o c e s s e d  p o t a s h .  S u r f a c e  i n v e n t o r y  
s t o r a g e  f a c i l i t i e s  s t o c k  t h e  r e f i n e d  p r o d u c t  u n t i l  i t  i s  sh ipped  by 
r a i l  o r  by t r u c k s .  

The Kerr-McGee Hobbs P o t a s h  F a c i l i t y  i s  l o c a t e d  i n  t h e  number 10 b o r e  
r e g i o n  o f  t h e  C a r l s b a d  b a s i n  a p p r o x i m a t e l y  t h i r t y  m i l e s  due Eas t  o f  
C a r l s b a d ,  New Mexico .  The  f a c i l i t y  h a s  350 e m p o l o y e e s  and  o p e r a t e s  
e i g h t  working s e c t i o n s  i n  e a c h  o f  t h r e e  s h i f t s  a n d  p r o d u c e s  a b o u t  
n i n e  thousand t o n s  o f  o r e  p e r  day.  

The  m i n i n g  o p e r a t i o n  i s  a p p r o x i m a t e l y  1 8 0 0  f e e t  i n  d e p t h  a n d  i s  
conducted  on o n e  l e v e l  o v e r  an  a r e a  6 .25 X 5.1  miles. The mine h a s  
two s e p a r a t e  c e n t r a l l y  l o c a t e d  l i f t s  f o r  muck and men/equipment 
r e s p e c t i v e l y .  The Nor th /Nor thwes t  s e c t i o n  o f  t h e  mine h a s  been mined 
o u t  and abandoned. C u r r e n t  and  f u t u r e  mine  d e v e l o p m e n t  1s ~ r o c e e d i n g  
Southwest  and N o r t h e a s t  o f  t h e  l i f t s .  The m a j o r  mine development i s  
e x p e c t e d  t o  o c c u r  E a s t  o f  t h e  l i f t s .  The mine o p e r a t e s  s i x  c o n t i n u o u s  
miners wi th  b e l t  h a u l a g e  from t h e  f a c e s  t o  t h e  p r o d u c t i o n  l i f t .  Men 
and equipment a r e  t r a n s p o r t e d  w i t h  e l e c t r i c  n s c o o t e r s n  ( b u i l t  and 
m a i n t a i n e d  by t h e  mine)  and d i e s e l  t r a c k l e s s  v e h i c l e s .  

The mine advancement c o n s i s t s  o f  t h r e e  p a r a l l e l  e n t r i e s :  t h e  i n t a k e  a i r  
e n t r y  ( a l s o  n o r m a l l y  u s e d  f o r  v e h i c u l a r  t r a n s p o r t a t i o n  o f  men and  
m a t e r i a l s  and o c c a s i o n a l l y  u s e d  f o r  r o u t i n g  power c a b l e s ) ;  t h e  b e l t  



e n t r y  ( a l s o  normal ly  used f o r  c a b l e  d i s t r i b u t i o n ) .  and ;  t h e  r e t u r n  a i r  
e n t r y .  The  e n t r i e s  a r e  u n i f o r m l y  25 f e e t  w i d e  ( t h e  w i d t h  o f  two 
c o n t i n u o u s  m i n e r  c u t s )  a n d  5 8 "  t a l l .  ( T h e  m i n i n g  s e a m s  a r e  a l s o  
u s u a l l y  58" t a l l ,  a l t h o u g h  some i n t a k e  e n t r i e s  a r e  c u t  t o  be  s i x  f e e t  
t a l l ,  i f  t hey  a r e  e x p e c t e d  t o  b e  u s e d  f o r  t r a n s p o r t a t i o n  f o r  s e v e r a l  
y e a r s . )  The e n t r i e s  a r e  spaced  a t  1 2 0 '  c e n t e r s  and a r e  l i n k e d  by (60)  
d i a g o n a l  d r i f t s  ( " b r e a k t h r o u g h s n ,  d e s i g n a t e d  by "BTn on t h e  mine maps) 
a t  160'  i n t e r v a l s .  The b r e a k t h r o u g h s  a r e  s e q u e n t i a l l y  numbered a l o n g  
s t r a i g h t  s l o p e s  and p e r m i t  r a p i d  i d e n t i f i e r s  f o r  l o c a t i o n i n g  p o s i t i o n s  
i n  t h e  mine. The m i n e  i s  a l s o  d i v i d e d  i n t o  n a r e a s n  which  developed 
c h r o n o l o g i c a l l y  a n d  w e r e  s e q u e n t i a l l y  n u m b e r e d  a s  t h e y  w e r e  
d e v e l o p e d ,  s o  t h a t  c o n t i g u o u s  a r e a s  d o  n o t  n e c e s s a r i l y  h a v e  
s e q u e n t i a l  d e s i g n a t o r s .  The a r e a s  a r e  marked on  t h e  mine maps. A s  
t h e  mine  a d v a n c e s .  t h e  b r e a k t h r o u g h s  b e t w e e n  t h e  b e l t  a n d  e x h a u s t  
rooms a r e  s e a l e d  t o  p r o v i d e  p o s i t i v e  v e n t i l a t i o n  a l o n g  t h e  b e l t  and 
up i n t o  t h e  working s e c t i o n s .  

Secondary s e t s  o f  t h r e e  p a r a l l e l  e n t r i e s  a r e  d r i v e n  p e r p e n d i c u l a r  t o  
t h e  main e n t r i e s  t o  s u p p o r t  t h e  punch mining o p e r a t i o n  o f  t h e  
c o n t i n u o u s  miners. The m i n i n g  p r o c e s s  i s  e s t i m a t e d  t o  e x t r a c t  
a p p r o x i m a t e l y  8 4 %  o f  t h e  a v a i l a b l e  o r e  body .  The s t a b i l i t y  o f  t h e  
c r y s t a l l i n e  rock  r e s u l t s  i n  c l e a n  c u t s  by t h e  c o n t i n u o u s  miners when 
t h e  rooms a r e  formed,  s o  t h a t  t h e  f l o o r .  "backn and w a l l s  o f  t h e  rooms 
a r e  f l a t  s u r f a c e s  mee t ing  i n  d e f i n e d  c o r n e r s .  The o r e  body s l o p e s  a t  
a p p r o x i m a t e l y  a  3% g r a d e  from West  t o  E a s t .  s o  t h e  t h r e e  p a r a l l e l  main 
e n t r i e s  a r e  g e n t l y  s l o p i n g  l o n g  s t r a i g h t  d r i f t s ,  w i t h  s l i g h t l y  
u n d u l a t i n g  f l o o r s .  b u t  u n i f o r m  t o p o l o g y  and  w i t h  numerous  p e r i o d i c  
C r O S S C U t S .  

The c o n t i n u o u s  m i n e r s  f e e d  o r e  o n t o  t h e  conveyor b e l t s  which have  b e l t  
power  a n d  t r a n s f e r  s t a t i o n s  e v e r y  1 5 0 0  t o  2 5 0 0  f e e t  u p  t o  t h e  
p r o d u c t i o n  l i f t .  The o r e  i s  t r a n s p o r t e d  t o  t h e  muck l i f t  wh ich  
t r a n s p o r t s  i t  t o  t h e  s u r f a c e .  T h e  m e n / e q u i p m e n t  l i f t  ( c a l l e d  t h e  
supp ly  l i f t )  i s  w i t h i n  s e v e r a l  h u n d r e d  f e e t  o f  t h e  p r o d u c t i o n  l i f t  and 
b o t h  l i f t s  a r e  c o n t r o l l e d  by a  s i n g l e  h o i s t m a n .  Ore i s  p r o c e s s e d  by a  
h o t  d i s s o l u t i o n  o p e r a t i o n  c a l l e d  n l e a c h i n g n  f o l l o w e d  by f r a c t i o n a l  
c r y s t a l i z a t i o n ,  w h i c h  s e p e r a t e s  t h e  p o t a s h  f rom t h e  s a l t  and  o t h e r  
c o n t a m i n a n t s .  

2 .2 .4  AMAX LEAD CO. OF MISSOURI B U I C K  MINE 

The Buick m i n e  i s  t h e  l a r g e s t  s i n g l e  o p e r a t i o n  a l o n g  t h e  Viburnum 
t r e n d  i n  t h e  S t .  F r a n c i s  m o u n t a i n s  i n  e a s t e r n  M i s s o u r i .  T h i s  l a r g e l y  
North/South 40-mile l o n g  , t r e n d  i s  i n  w h a t  once  was a  b a r r i e r  r e e f .  The 
o r e  body is l o c a t e d  500-1300 f e e t  b e n e a t h  t h e  s u r f a c e  and is o f  t h e  
mass ive  d i s s e m i n a t e d  f i l l - i n  l a y e r  t y p e .  I t  i s  nominal ly  300-400 f e e t  
wide and 13-16 f e e t  t h i c k .  b u t  e x c e e d s  100 f o o t  t h i c k n e s s  i n  p l a c e s .  
The Buick mine w o r k i n g  l e v e l  d e p t h  i s  1200 f e e t .  The m i n e r a l i z a t i o n  



c o n s i s t s  l a r g e l y  o f  g a l e n a  ( l e a d  s u l f i d e ;  80% l e a d  and  20% s u l p h u r )  
and s p h a l e r i t e  ( z i n c  s u l f i d e ;  6 7 %  z i n c  and 33% s u l p h u r )  w i t h  g r a d e s  o f  
6-8s ( l e a d )  a n d  2-31 ( z i n c )  p e r  u n i t  w e i g h t  o f  p r o d u c t .  The B u i c k  
o p e r a t i o n .  an  AMAX/Homestake p a r t n e r s h i p .  h a s  a  n o m i n a l  d a i l y  muck 
p r o d u c t  o u t p u t  o f  7000 t o n s ,  r e s u l t i n g  p r i n c i p a l l y  i n  1 3 0 , 0 0 0  t o  
140.000 t o n s  o f  r e f i n e d  l e a d  p e r  y e a r ,  56 .000  t o n s  o f  s u l p h u r i c  
a c i d ,  and a  nominal  amount o f  r e f i n e d  c o n c e n t r a t e  and s i l v e r .  

Lead /z inc  mining i n  t h e  a r e a  c o n s i s t s  m o s t l y  o f  room-and-pi l lar  mining  
w i t h  r u b b e r - t i r e d  h a u l a g e  t o  t h e  c e n t r a l  muck r a i s e  which f e e d s  t h e  
c r u s h e r .  The mine t o p o b g y  f o l l o w s  t h e  l e n t i c u l a r  o r e  b o d i e s  and.  
t h u s .  m i n e s  a r e  l o n g  and s l e n d e r ;  t y p i c a l l y  s e v e r a l  m i l e s  i n  e x t e n t .  
T y p i c a l  d imensions  a r e  35 f e e t  w i d e  by 13-16 f e e t  h i g h  d r i f t s  w i t h  
p i l l a r s  on 60-foot  c e n t e r s .  Due t o  t h e  s i z e  o f  t h e  Buick mine. t h e  
r u b b e r  t i r e d  h a u l a g e  is  s u p p l e m e n t e d  w i t h  t r a c k e d  h a u l a g e  i n  a  d r i f t  
a p p r o x i m a t e l y  90 f e e t  b e l o w  t h e  w o r k i n g  l e v e l .  I n  t h e  h a u l a g e  d r i f t  
a t  Buick,  t h e  d r i f t  w i d t h  i s  rough ly  20-24 f e e t .  

The Buick mine is  a p p r o x i m a t e l y  f o u r  m i l e s  l o n g  and i s  d i v i d e d  i n t o  
"North mine" and "South mine" l e g s  w i t h  a c c e s s  s h a f t s  and s e r v i c e  a r e a s  
n e a r  t h e  c e n t e r .  Mining o p e r a t i o n s  a r e  p r i m a r i l y  a t  t h e  mine 
e n d s  wi th  a  l i t t l e  " c l e a n  up" m i n i n g  a t  o t h e r  l o c a t i o n s .  T h i s  mine i s  
e i g h t  y e a r s  o l d  wi th  a  u s e f u l  r emain ing  l i f e  i n  e x c e s s  o f  30 y e a r s .  

The o r e  is mined i n  a  b a l a n c e d  m a n n e r ,  w i t h  a n  a t t e m p t  made t o  keep 
t h e  o r e  g r a d e  n e a r l y  c o n s t a n t  and  n o t  t o  m i n e  j u s t  t h e  r i c h e s t  o r e  
f i r s t .  On e i t h e r  s i d e  o f  t h e  m i n e ,  v e n t i l a t i o n  s h a f t s  a r e  l o c a t e d  
a b o u t  a  m i l e  f rom t h e  mine  c e n t e r .  The a i r  i s  p u l l e d  i n  a t  t h e  
mine c e n t e r  . where it i s  s p l i t  and r o u t e d  t o  t h e  f a c e s  
and t h e n  p u l l e d  o u t  t h e  v e n t i l a t i o n  s h a f t s .  The m i n e  backbone 
power is 4160 V A C  s u p p l i e d  i n  3 g r i d s  a n d  s t e p p e d  down t o  a  working 
v o l t a g e  o f  480 V A C .  A l l  m ine  w i r i n g  i s  r u n  a l o n g  t h e  l o w e r  t r a c k e d  
h a u l a g e  d r i f t s  and i s  e l e v a t e d  t o  t h e  w o r k i n g  p r o d u c t  l e v e l  a d j a c e n t  
t o  t h e  o r e  p a s s e s  (muck r a i s e s  b e t w e e n  l e v e l s ) .  G o i n g  North.  t h e  AC 
power c a b l e s  a r e  bundled t o g e t h e r  and  r u n  on t h e  back e i t h e r  a l o n g  t h e  
l e f t - h a n d  r i b  o r  n e a r  t h e  b a c k  c e n t e r .  P a g e r  p h o n e s  a r e  g e n e r a l l y  
l o c a t e d  a t  each o r e  p a s s  a n d  a t  o t h e r  key  l o c a t i o n s  a l o n g  t h e  h a u l a g e  
l e v e l .  The phone l ines  a r e  a l s o  e l e v a t e d  t o  t h e  p roduc t  l e v e l  n e a r  t h e  
o r e  p a s s e s .  The phone l i n e  ( a  s h i e l d e d  t w i s t e d  p a i r )  i s  g e n e r a l l y  r u n  
a l o n g  t h e  c e n t e r  o f  t h e  b a c k .  Air l i n e s  a n d  w a t e r  p i p e  i n  t h i s  a r e a  
a r e  b u n d l e d  t o g e t h e r  and  a r e  r u n  a l o n g  t h e  r i g h t - h a n d  r i b  n e a r  t h e  
back.  The b a c k  i s  s o u n d ,  u n b o l t e d ,  a n d  w i t h o u t  mesh on  t h e  h a u l a g e  
l e v e l .  A l o n g  t h e  n o r t h  m i n e  l e g ,  t h e  h a u l a g e  l e v e l  g r a d u a l l y  
approaches  t h e  o r e  body on a  1-25 g r a d e  beyond t h e  Nor theas t /Nor thwes t  
h a u l a g e  "Y".  

On t h e  p r o d u c t  l e v e l ,  t h e  p i l l a r s  r e m a i n  i n t e g r a l  and  no r e t r e a t  
" p i l l a r  p u l l i n g n  h a s  begun. T h i s  a c t i v i t y  w i l l  p robab ly  n o t  be s t a r t e d  
f o r  a n o t h e r  6-7 y e a r s .  



2.2.5 MAGMA COPPER CO. SAN MANUEL MINE 

The  San Manuel  m i n e  i s  t h e  l a r g e s t  c o p p e r  m i n e  i n  t h e  U.S., 
e f f i c i e n t l y  e x t r a c t i n g  c o p p e r  a n d  m o l y b d e n u m  s u l f i d e  f r o m  t h e  
low-grade San Manuel o r e  body. The San Manuel mine o p e r a t i o n  employs 
i n  e x c e s s  o f  1000 m e n / s h i f t  w i t h  g r o s s  o r e  p r o d u c t i o n  between 60.000 
and 70.000 t o n s  p e r  day.  The m i n i n g  o p e r a t i o n  employs t h e  b lock  c a v i n g  
t e c h n i q u e  which i s  a c t i v e l y  implemented on t h r e e  l e v e l s  (2075,  2375. 
2675 f e e t  f o r  h a u l a g e  and  2 0 1 5 ,  2 3 1 5 ,  2615  p r o d u c t / g r i z z l y  l e v e l s ) .  
The o r e  h a u l a g e  is  l a r g e l y  v i a  D . C .  t r o l l e y  t r a i n s  t o  f o u r  (3A. 38, 
3C, 3D) p r o d u c t  s h a f t s  f o r  s k i p p i n g  t o  t h e  s u r f a c e .  An a d d i t i o n a l  
t h r e e  s h a f t s  a t  two l o c a t i o n s  a r e  u s e d  t o  c o n v e y  men, m a t e r i a l s ,  and 
d e v e l o p m e n t a l  r o c k  e x t r a c t i o n s  i n t o  a n d  o u t  o f  t h e  m i n e .  On e a c h  
h a u l a g e  l e v e l ,  t h e  t r a i n s  c a r r y  o r e  a n  a v e r a g e  o f  two miles one-way 
from t h e  o r e  r a i s e s  t o  t h e  dump p o i n t s .  

A l l  h a u l a g e  d r i f t  s e g m e n t s  c o n t a i n  t h e  D.C.  t r o l l e y  w i r e  l o c a t e d  
j u s t  o f f  t h e  b a c k  c e n t e r  w i t h  t h e  g r o u n d  r e t u r n  w i r e  b u s  a l s o  
r u n n i n g  w i t h  t h e  " h o t n  t r o l l e y  wire a n d  s e p a r a t e d  by a b o u t  10 i n c h e s .  
The ground w i r e  b r a n c h e s  t o  t h e  t r a c k  a t  p e r i o d i c  i n t e r v a l s  o f  s e v e r a l  
h u n d r e d  f e e t .  T r a c k  c o n s t r u c t i o n / c o n d i t i o n  i s  e x c e l l e n t  w i t h  a  
w e l l - l a i d  bed o f  wooden t i es  i n  b a l l a s t .  P a r t c i c u l a r  a t t e n t i o n  i s  p a i d  
t o  t r a c k  e l e c t r i c a l  b o n d i n g ;  w h i c h ,  on t h e  l o n g  h a u l a g e  r u n s ,  i s  ve ry  
good ( e l e c t r i c a l  b o n d i n g  n e a r  t h e  g r i z z l y  o r e  c h u t e s  l o a d  p o i n t s  i s  
p o o r e r ) .  Also l o c a t e d  i n  t h e  t y p i c a l  h a u l a g e  d r i f t  i s  t h e  a u d i o  page r  
phone  l i n e  ( g e n e r a l l y  i n  o n e  o f  t h e  b a c k / r i b  c o r n e r s ) .  a  2400 V A C  
power c a b l e  and t h e  u s u a l  a i r - l i n e / w a t e r - l i n e  l a r g e  p i p e  bundle .  The 
r i b s  and b a c k  d i d  n o t  h a v e  m e t a l l i c  mesh c o v e r i n g .  I n  t h e  t i m b e r e d  
d r i f t s .  t h e  t i m b e r s  w e r e  o n  b o t h  t h e  r i b s  a n d  t h e  b a c k  s p a c e d  
l o n g i t u d i n a l l y  on abou t  5-foot  c e n t e r s .  

2.2.6 HECLA M I N I N G  CO. CON-SIL MINE 

The Con-Sil i s  a  r e c e n t l y  r e - o p e n e d  m i n e ,  sponsored  by a  consor t ium 
o f  mining companies i n  t h e  S i l v e r  V a l l e y  w i t h  H e c l a  a s  t h e  o p e r a t i n g  
company. Th i s  r e l a t i v e l y  s m a l l  mine ,  l o c a t e d  a d j a c e n t  t o  t h e  Sunsh ine  
and S i l v e r  D o l l a r  mines ,  d e l i v e r s  i n  e x c e s s  o f  100 t o n s / d a y  t o  a  s m a l l  
m i l l  c o n v e n i e n t l y  l o c a t e d  n e a r  t h e  S i l v e r  Summit p o r t a l .  

T y p i c a l  o f  o p e r a t i o n s  i n  t h e  V a l l e y ,  t h e  m i n i n g  o c c u r s  below t h e  3000 
f o o t  l eve l  employing t h e  " s t o p e  and  r a i s e  w i t h  s a n d  b a c k f i l l  methodn 
a l o n g  d r i f t s  r u n n i n g  l a t e r a l l y  away f r o m  t h e  pr imary  s h a f t  s t a t i o n s  a t  
nomina l ly  v e r t i c a l l y  spaced 200 f o o t  l e v e l s .  The Con-Sil is  p r e s e n t l y  
p u l l i n g  muck from t h e  4000- level  v i a  t h e  main S i l v e r  Summit s h a f t .  The 
i n t e r m e d i a t e  Winze s h a f t  b e t w e e n  t h e  3000 and  4 0 0 0 - l e v e l s ,  t h a t  w i l l  
p e r m i t  m i n i n g  on  i n t e r v e n i n g  l e v e l s ,  i s  b e i n g  r e p a i r e d  f o l l o w i n g  
damage s u s t a i n e d  d u r i n g  a n  a p p r o x i m a t e  t h r e e  y e a r  s h u t d o w n  o f  t h i s  



mine. The muck h a u l a g e  o c c u r s  v i a  b a t t e r y  o p e r a t e d  t r a i n s  on t h e  lower 
h a u l a g e  l e v e l s  t o  muck p o c k e t s  a d j o i n i n g  t h e  main s h a f t .  It c o n t i n u e s  
v i a  D.C.  t r o l l e y - o p e r a t e d  t r a i n s  f r o m  t h e  t o p  s t a t i o n  th rough  t h e  one 
m i l e  p o r t a l  d r i f t  t o  t h e  m i l l  dump p o i n t  s e v e r a l  hundred f e e t  from t h e  
p o r t a l .  

The t y p i c a l  h a u l a g e  d r i f t  i n  t h e  Con-Sil h a s  c r o s s - s e c t i o n a l  d imens ions  
o f  abou t  s e v e n - f o o t  h e a d  c l e a r a n c e  f r o m  t h e  f l o o r - t o - b a c k  and a b o u t  
s i x - f o o t  w i d t h  b e t w e e n  r i b s .  T h e  n a r r o w  g a u g e  t r a c k  ( 1 8  i n c h e s  
c e n t e r - c e n t e r  w i t h  a b o u t  40 pound r a i l )  i s  c e n t e r e d  i n  t h e  d r i f t  and 
well bedded. The w a t e r  r e t u r n  d i t c h  i s  a l s o  a l o n g  t h e  l e f t -hand  s i d e  
f a c i n g  t h e  i n b y  d i r e c t i o n .  The  p o r t a l  d r i f t  c o n t a i n s  b o t h  a  s i n g l e  
c a b l e  b u n d l e  s u s p e n d e d  f r o m  a  m e s s e n g e r  c a b l e  a n d  t h e  D.C .  t r o l l e y  
b u s .  The  o p e r a t i n g  l e v e l  d r i f t s ,  l o o k i n g  i n  t h e  i n b y  d i r e c t i o n .  
c o n t a i n  an a i r  l i n e  and wa te r  l i n e  b u n d l e  a l o n g  and rough ly  v e r t i c a l l y  
c e n t e r e d  on t h e  l e f t  r i b  a b o v e  t h e  r e t u r n  d i t c h .  The  c a b l e  b u n d l e  
c o n t a i n i n g  t h e  2400 and  440 V A C  l i n e s  and  t h e  phone  l i n e  i s  t o  t h e  
l e f t - c e n t e r  o f  t h e  b a c k  i m m e d i a t e l y  b e l o w  a  p a i r  o f  openwire  110 VAC 
l i g h t i n g  l i n e s .  and  a  s a n d  l i n e  a l o n g  t h e  r i g h t  r i b  suspended  a b o u t  
o n e  f o o t  f rom t h e  b a c k .  The  b a c k  i s  g e n e r a l l y  b a r e ,  unmeshed ,  a n d  
u n b o l t e d .  

2.3 DEFINITION OF COMMUNICATIONS REQUIREMENTS 

With t h e  e x c e p t i o n  o f  d e e p  v e i n  m i n e s ,  wh ich  h a v e  l o g i s t i c  t r a n s p o r t  
problems,  and o i l  s h a l e  m i n e s ,  whioh h a v e  m a s s i v e  o n g o i n g  o p e r a t i o n  
c o o r d i n a t i o n  p r o b l e m s ,  t h e  p r i m a r y  n e e d  f o r  c o m m u n i c a t i o n s  i n  
metal /non-metal  mines i s  a s s o c i a t e d  w i t h  improving h a u l a g e  o p e r a t i o n s .  
There  is no b e l t  h a u l a g e  i n  t h e s e  m i n e s  ( e x c e p t  f o r  t h e  po tash  mine)  
and no d e d i c a t e d  h a u l a g e  f r o m  e a c h  s e c t i o n  a l l  t h e  way t o  t h e  main 
dump p o i n t .  Many o f  t h e s e  m i n e s  h a v e  s e p a r a t e  h a u l a g e  a n d  p r o d u c t  
v e r t i c a l  l e v e l s .  Haulage communica t ion  n e e d s  a r e  r e a d i l y  r e c o g n i z e d  by 
m i n e  management. 

There  i s  no h i e r a r c h y  o f  p h o n e s  i n  t h e s e  mines a s  t h e r e  a r e  i n  c o a l  
m i n e s .  wi th  t h e  deployment o f  p h o n e s  b e i n g  d i l u t e  and w i t h  no s t a n d a r d  
r e q u i r e m e n t  f o r  a  p h o n e  b e i n g  l o c a t e d  w i t h i n  a  s p e c i f i c  m i n i m u m  
d i s t a n c e  from a working s t o p e / f a c e / e t c . .  C u r r e n t l y ,  t h e r e  i s  g e n e r a l l y  
no means t o  communica te  f r o m  a  c e n t r a l  l o c a t i o n  t o  i n d i v i d u a l  mining 
crews.  Communica t ions  t o  s u c h  c r e w s  a r e  n o t  c o n s i d e r e d  e s s e n t i a l  by 
many mines. Metal/non-metal mines s h a r e  w i t h  c o a l  mines t h e  common need 
t o  l o c a t e  key (and r o v i n g )  s u p e r v i s o r y  o r  maintenance  p e r s o n n e l .  

T h e  f o l l o w i n g  s u b s e c t i o n s  p r e s e n t  a  summary  o f  c o m m u n i c a t i o n  
r e q u i r e m e n t s  f o r  each  v i s i t e d  mine  i d e n t i f y i n g  a s p e c t s  where w i r e l e s s  
communicat ions c o u l d  be i n t r u m e n t a l  i n  s a t i s f y i n g  t h e s e  r e q u i r e m e n t s .  



2.3.1 OCCIDENTAL OIL SHALE LOGAN WASH MINE 

Although t h e  Logan Wash mine  i s  a  h o r i z o n t a l  e n t r y  "punchn mine, t h e  
p r a c t i c a l  o p e r a t i o n a l  f a c i l i t y  a t  C a t h e d r a l  B l u f f s  w i l l  e n t a i l  a  
v e r t i c a l  e n t r y  s h a f t .  I n  t h e  i n i t i a l  m i n i n g  o p e r a t i o n  b e f o r e  
c o n s t r u c t i o n  o f  t h e  f i r s t  r e t o r t s ,  w i r e l e s s  communica t ions  cou ld  b e  
used i n  t h e  s h a f t  and a l o n g  t h e  d e v e l o p i n g  d r i f t s  t o  c o o r d i n a t e  t h e s e  
mining o p e r a t i o n s .  

O p e r a t i o n a l l y .  communica t ions  a r e  r e q u i r e d  a s  p a r t  o f  b o t h  t h e  mining 
a n d  t h e  p r o c e s s  c o n t r o l  f u n c t i o n s .  D u r i n g  r e t o r t  c o n s t r u c t i o n .  
m u l t i - l e v e l  c o m m u n i c a t i o n s  c o u l d  g r e a t l y  f a c i l i t a t e  t h e  m i n i n g  and 
r u b b l i z a t i o n  o p e r a t i o n s .  O n c e  t h e  r e t o r t s  h a v e  b e e n  f i r e d .  t h e  
c o m m u n i c a t i o n s  r e q u i r e m e n t s  m a i n l y  f a l l  i n  t h e  a r e a  o f  m o n i t o r i n g  
t r a n s m i s s i o n  l i n k a g e s  f o r  o b s e r v a t i o n  o f  s e n s o r s .  T h i s  communicat ions 
r e q u i r e m e n t  w i l l  b e  v e r y  d e n s e  f o r  t h e  a c t i v e  r e t o r t s  i n  m o n i t o r i n g  
t e m p e r a t u r e  and o f f -gas  c o n d i t i o n s .  

2.3.2 UNITED NUCLEAR/HOMESTAKE PARTNERS SECTION 23 M I N E  

The o r e  i n  muck p o c k e t  r a i s e s  i s  p u l l e d  by motormen o p e r a t i n g  e i t h e r  
t h e  rubber  t i r e d  dump t r u c k s  o r  t h e  t r a i n s  w i t h  o r e  c a r s .  C u r r e n t l y  
t h e r e  is no s y s t e m a t i c  means  t o  t e l l  t h e  motormen t h a t  a  p a r t i c u l a r  
r a i s e  is f u l l  and s h o u l d  be  p u l l e d .  As a  consequence ,  t h e  o p e r a t i o n  o f  
o r e  h a n d l i n g  can become nmuck-boundn,  w h e r e  h a u l a g e  (and even mining)  
m u s t  c e a s e  u n t i l  t h e  muck p o c k e t s  a r e  p u l l e d  and  t h e r e  i s  a g a i n  a  
p l a c e  t o  dump t h e  o r e .  

I n  t h e  a u t h o r s '  e x p e r i e n c e ,  t h i s  i s  t h e  f i r s t  t y p e  mine u s i n g  t r a c k e d  
h a u l a g e  where a  d i s p a t c h e r  and c a r r i e r  phones were n o t  used t o  improve 
t h e  e f f i c i e n c y  o f  h a u l a g e  o p e r a t i o n s .  I n  a d d i t i o n  t o  t h e  muck-pull 
d i s p a t c h ,  a  c e n t r a l  d i s p a t c h e r  c a n  p r o v i d e s  f u n c t i o n s  o f  t r a f f i c  
r e g u l a t i o n  and  i n - t r a n s i t  o r  r o v i n g  p e r s o n n e l  l o c a t i o n .  A w i r e l e s s  
c o m m u n i c a t i o n  s y s t e m  p r o v i d i n g  t h e  e q u i v a l e n t  o f  c a r r i e r  p h o n e  
communicat ions would be  immedia te ly  b e n e f i c i a l  t o  t h e  mining o p e r a t i o n .  
While t h e r e  a r e  phones w i t h i n  w a l k i n g  d i s t a n c e  o f  t h e  mining crews i n  
t h e  s t o p e s ,  t h e  r e l a t i v e l y  r e m o t e  a c c e s s  o f  t h e s e  phones r e l a t i v e  t o  
t h e  e a s e  of communica t ion  i s  n o t  a s  f l e x i b l e  a s  i t  i s  i n  c o a l  mines .  
T h i s  is e s p e c i a l l y  t r u e  c o n s i d e r i n g  t h e  " m u l t i - t i e r e d n  h a u l a g e  p r o c e s s  
i n  t h i s  t y p e  o f  m i n e .  A s  p a r t  o f  a  c e n t r a l i z e d  w i r e l e s s  s y s t e m  f o r  
"on-the-moven communica t ions ,  a n  e n t r y  i n t o  t h i s  w i r e l e s s  sys tem from 
t h e  f i x e d  l o c a t e d  s t o p e  a r e a s  c o u l d  a l s o  prove  b e n e f i c i a l .  

2.3.3 KERR-MCGEE C H E M I C A L  CORP. HOBBS POTASH MINE FACILITY 

The Hobbs P o t a s h  F a c i l i t y  mine  h a s  an  o p e r a t i o n a l  mine  pager  phone 
sys tem.  which  p r o v i d e s  t h e  p r i m a r y  c o m m u n i c a t i o n  l i n k  i n  t h e  mine. 
P h o n e s  a r e  l o c a t e d  a t  w o r k i n g  s e c t i o n s ,  b e l t  s t a t i o n s ,  s h o p s  and  



o f f i c e  a r e a s .  The mine management e s t i m a t e s  t h a t  t h i s  sys t em p r o v i d e s  
a p p r o x i m a t e l y  20% c o v e r a g e  o f  t h e  m i n e  a r e a .  However ,  w h i l e  t h e  
e l e c t r i c  s c o o t e r s  p r o v i d e  r a p i d  m o b i l e  t r a n s p o r t a t i o n  f o r  key  
p e r s o n n e l .  t h e y  a l s o  make l o c a t i o n  o f  t h o s e  p e o p l e  v e r y  d i f f i c u l t .  
C o m m u n i c a t i o n  w i t h  t r a c k l e s s  v e h i c l e s  i s  t h e r e f o r e ,  t h e  m o s t  
s i g n i f i c a n t  p r o b l e m  i n  t h e  m i n e .  F o r  s e v e r a l  y e a r s  t h e  m i n e  
s u c c e s s f u l l y  u s e d  mine  c a r r i e r  p h o n e s ,  o p e r a t i n g  a t  88KHZ w i t h  20 
w a t t s  o f  power i n t o  l o o p  a n t e n n a s ,  f o r  w i r e l e s s  communicat ion t o  t h e  
t r a c k l e s s  v e h i c l e s .  ( T h e  p e r f o r m a n c e  o f  t h e  s y s t e m  was augmented by 
t h e  r o u t i n g  o f  a  d e d i c a t e d  wire a l o n g  t h e  " p i n c h  w i r e s n  on t h e  b e l t  
sys tem.  s o  t h a t  s i g n a l s  c o u l d  b e  c o u p l e d  o n t o  t h e  d e d i c a t e d  w i r e  and 
p i n c h  wi re  p a i r . )  However, d i f f i c u l t i e s  i n  m a i n t a i n i n g  t h e  sys tem l e d  
t o  i t s  a b a n d o n m e n t .  T h e  m i n e  c u r r e n t l y  u s e s  c o m m e r c i a l  VHF 
" w a l k i e - t a l k i e s "  f o r  c o m m u n i c a t i o n  up  t h e  p r o d u c t i o n  s h a f t  and h a s  
purchased  61KHZ c a r r i e r  phones a d a p t e d  w i t h  c o u p l e r s  f o r  communication 
from t h e  h o i s t  c a g e s  t o  t h e  s u r f a c e  d u r i n g  ma in tenance  o p e r a t i o n s .  

I n  g e n e r a l ,  t h e  m i n e  management  i n d i c a t e d  t h a t  a s  t h e  m i n e  expands  
f u r t h e r  from t h e  , s h a f t s .  t h e  c o m m u n i c a t i o n s  p r o b l e m s  w i l l  i n c r e a s e ,  
and t h e  d e s i r e a b i l i t y  o f  h a v i n g  a n  o p e r a t i o n a l  w i r e l e s s  communication 
s y s t e m  c a p a b l e  o f  c o m m u n i c a t i n g  w i t h  t r a c k l e s s  v e h i c l e s  w i l l  a l s o  
i n c r e a s e .  The management i n d i c a t e d  t h a t  a p p r o x i m a t e l y  f i f t y  v e h i c l e s  
wou ld  b e  s e r v e d  by s u c h  a  s y s t e m  a n d  t h a t  t h e  s y s t e m  w o u l d  b e  
economica l ly  f e a s i b l e  i f  t h e  t r a n s c e i v e r  c o s t  d i d  n o t  exceed $1500. By 
c o n t r a s t .  t h e  m i n e  i n v e s t i g a t e d  a  UHF " l e a k y  f e e d e r n  sys tem which was 
e s t i m a t e d  t o  r e q u i r e  $200,000 i n  c a b l e  p l a n t  a l o n e .  P r e s e n t l y ,  t h e  
mine may be c h a r a c t e r i z e d  a s  r e c o g n i z i n g  a  need and w i l l i n g  t o  i n s t a l l  
a  w i r e l e s s  c o m m u n i c a t i o n  s y s t e m .  i f  t h e  p r o d u c t  w e r e  e c o n o m i c a l l y  
a v a i l a b l e .  

The o p e r a t i o n a l  r e q u i r e m e n t s  f o r  s u c h  a  s y s t e m  c o n s i s t  o f  t h e  u n i t s  
h a v i n g  s e l f - c o n t a i n e d  power and  b e i n g  a b l e  t o  communicate from any o f  
t h e  primary rooms t o  t h e  o f f i c e  a r e a s  n e a r  t h e  s h a f t s .  The sys tem i s  
n o t  l i m i t e d  by t r a n s m i t  p o w e r ,  b u t  i s  l i m i t e d  by c o s t  a s  i n d i c a t e d  
above.  With t h e  p r e s e n t  power d i s t r i b u t i o n  p l a n t ,  t h e  t r a n s c e i v e r  w i l l  
a lways  be l o c a t e d  w i t h i n  one room o f  a  power c a b l e  a s  l o n g  a s  it i s  i n  
one  o f  t h e  main rooms normal ly  u s e d  f o r  v e h i c u l a r  t r a n s p o r t a t i o n .  The 
mine has  a l s o  i n d i c a t e d  t h a t  d e d i c a t e d  l i n e s  t o  augment t h e  e x i s t i n g  
c o n d u c t o r s  could  be  i n e x p e n s i v e l y  a d d e d  t o  t h e  e x i s t i n g  c a b l e  p l a n t  by 
u s i n g  n r a m s e t n  mounting o f  c a b l e  t o  t h e  room "backn o r  w a l l s  ( two men 
can  run  s e v e r a l  m i l e s  o f  l i g h t  w i r e  p e r  day u s i n g  t h i s  t e c h n i q u e ) .  

2.3.4 AMAX LEAD CO. OF MISSOURI B U I C K  M I N E  

E x i s t i n g  communicat ions a t  Buick a r e  d i l u t e  and c o n s i g t  only  o f  pager  
phones.  Th i s  was s u f f i c i e n t  when t h e  mine  was s m a l l  and t r a v e l  t o  t h e  
f a c e  a r e a s  was n o t  t i m e  consuming.  B u t ,  t h e r e  i s  c u r r e n t l y  no means t o  
c o m m u n i c a t e  w i t h  v e h i c u l a r  t r a f f i c  o r  w i t h  r o v i n g  m a i n t e n a n c e  o r  



supervisory personnel. T h e  m i n e  now i s  growing rapidly which i s  
increasing the North/South range rerquired to go from the faces to the 
central portal area. Mine-wide c o m m u n i c a t i o n s  a r e  desirable t o  
facilitate operations in the following ways: 

1)  use of a ndispatchern to regulate the timing of haulage 
traffic to the crusher 

2) vehicular communications between rubber-tired trucks on the 
product level and trains on the haulage level to convey that 
particular ore passes are full and should be pulled (perhaps 
via a dispatcher or a shifter) 

3) location of key maintenence or supervisory personnel (perhaps 
via a dispatcher) 

4) quick notification of any haulage or maintenance problems 
occurring or observed enroute where pager phones are not 
available. 

The mine wide nares coveragew communication needs can only be served 
efficiently by a wireless system. At a minimum, this system will 
require a radio and an antenna for each haulage vehicle plus a "fixedw 
station at a central "dispatchn location in the mine. The transmission 
media for this system must consist o f  existing mine wiring,and/or 
dedicated wiring to serve as a path for coupled "carrier currentn from 
the radio antennas. This type of communication, appropriate for Buick, 
will be summarized in the next section together with implementation 
possibilities. 

2.3.5 MAGMA COPPER COMPANY SAN MANUEL MINE 

The existing communications eminate from a dispatch location on each 
level and consist of both pager phone and carrier phone service. A 
separate carrier phone frequency is used on each production level: 115 
KHz on the upper level; 145 KHz on the middle level: and 190 KHz on 
the new lower level. There is currently a substantial amount of signal 
cross coupling between the levels. The typical MF spectrum contains a 
raster of harmonics and r e c t i f i e d / m i x e d  c r o s s  products of these 
fundamentals and harmonics. 

Audio and radio communications o n  the grizzly level are currently 
limited to locations near certain ore passes and are dilute. 

With this as a basis, several communication-related requirements exist. 
These include: 



-improving the conventional carrier phone mode of 
communications to provide improved performance near 
the extremities of each haulage level 

-wireless communications on the haulage level to serve battery- 
operated service vehicles and small locomotives so that 
"stingers" (which require vehicle stopping) are not needed 
in order to reach the dispatcher 

-wireless communications on the grizzly levels to serve battery 
operated vehicles with an overlay of the existing carrier 
phone frequencies on these levels to provide haulage coordination 
and to keep product level operations from becoming muck-bound 

-portable communications for maintenance/supervisory personnel 
tied into either the carrier phone channel or into a 
separate ~command/location~ channel to facilitate efficient 
operation of these personnel and to service special or emergency 
situations. 

2.3.6 HECLA MINING COMPANY CON-SIL MINE 

Existing c o m m u n i c a t i o n s  c o n s i s t  o f  single-channel p a r t y l i n e  
magnetophones at major shaft s t a t i o n s  and in the hoistroom. This 
system is typical of all mines in the valley. No communication is 
extended beyond the shaft stations and hoistrooms except for a phone at 
the junction of the 4000-level n o r t h  crosscut and the 4000-level 
haulage drift near the Winze shaft location. 

With this as a basis, several functional communications possibilities 
exist for extending t h e  c a p a b i l i t y  o f  t h e  present system. These 
include: 

- wireless communications between a desired fixed location 
and roving maintenance or supervisory personnel 

The fixed location could be in a shaft hoistroom or on a 
given operatiag level shaft station staging area, or in 
the mine office 

communication could be implemented as two-way voice or 
one-way paging. 

- wireless "alarm" communications from a fixed location 



i n t o  s t o p e  a r e a s  t o  a l e r t  c rews t o  an impending h e a l t h  
o r  s a f e t y  problem 

- w i r e l e s s  communication between a  f i x e d  c e n t r a l  l o c a t i o n  
and o t h e r  f i x e d  l o c a t i o n s  where crews may be r e p a i r i n g  a  
s h a f t  o r  t o  a  muck l o a d i n g  l o c a t i o n  

2.4 OUTLINE OF PERFORMED WORK 

The  p e r f o r m a n c e  o f  t h e  w o r k  c o n s i s t e d  o f  m a k i n g  s w e p t  f r e q u e n c y  
measurements i n  f o u r  bands from 0.2 - 1000 MHz a t  a  f i x e d  d i s t a n c e  t o  
s e l e c t  optimum f r e q u e n c i e s .  The optimum f r e q u e n c i e s  were examined i n  
d e t a i l e d  CW t e s t s  a t  o r  n e a r  t h e s e  optimum f r e q u e n c i e s  w i t h  r e s p e c t  t o  
r a n g e  and c o u p l i n g  p a r a m e t e r s  f o r  t h e  p u r p o s e  o f  c h a r a c t e r i z i n g  
s p e c i f i c  d e t a i l s  o f  t h e  t r a n s m i s s i o n  m o d e s .  T h i s  f o r m a t  e n s u r e d  
i d e n t i f i c a t i o n  o f  m a j o r  p r o p a g a t i o n a l  e f f e c t s  w i t h  e x p e d i e n t  
c o n v e r g e n c e  t o  s p e c i f i c  i n v e s t i g a t i o n  o f  t h e  p r i m a r y  e f f e c t s .  The 
t e s t i n g  was t y p i c a l l y  p e r f o r m e d  i n  2  1 / 2  d a y s  a t  e a c h  mine  w i t h  an 
a d d i t i o n a l  ha l f -day  s p e n t  d i s c u s s i n g  t h e  t e s t s  and s e l e c t i n g  t e s t  s i t e s  
w i t h  t h e  mine  managment  t h e  d a y  b e f o r e  g o i n g  u n d e r g r o u n d ,  a n d  a  
ha l f -day  s p e n t  r ev iewing  t h e  p r i l i m i n a r y  t e s t  r e s u l t s  a f t e r  t h e  f i n a l  
t e s t  day. A t y p i c a l  t r i p  fo rma t  was a s  f o l l o w s :  

F i r s t  Day- - a r r i v e  a t  t h e  mine  i n  e a r l y  a f t e r n o o n ,  r e v i e w  
m i n e  maps and s e l e c t  t e s t  l o c a t i o n s ;  p l an  t h e  
f i r s t  d a y ' s  t e s t i n g  i n  t h e  e v e n i n g  

Second Day- - p e r f o r m  s w e p t - f r e q u e n c y  t e s t s  a t  a  f i x e d  r a n g e  o f  
( 1 s t  Day Undergound) a b o u t  300 f e e t  a t  MF (0.2-1 MHz), HE (2-20 MHz), 

VHF (20-200 MHz) a n d  UHF (200-1000 MHz) i n  one 
o r  two l o c a t i o n s ;  t e s t  v a r i a t i o n s  i n c l u d e d :  

an tenna  v s  c u r r e n t  probe  t r a n s m i t  e x c i t a t i o n  
f o r  MF & HF 

an tenna  orientations/polarizations i n  t h e  
d r i f t  and wi th  r e s p e c t  t o  c o n d u c t o r s  a t  MF 
& HF 

Evenings were devoted  t o  s e l e c t i o n  o f  optimum 
f r e q u e n c i e s  f o r  CW t e s t i n g .  

Th i rd  Day- - p e r f o r m  CW t e s t s  w i t h  t e s t  sys tem and /o r  
( 2 n d  Day U n d e r g r o u n d )  p r o t o t y p e  MF r a d i o s  f rom o n e  o r  more f i x e d  

t r a n s m i t  l o c a t i o n s  t o  v a r i a b l e  r e c e i v i n g  l o c a t i o n s  



F o u r t h  Day- - c o m p l e t e  o r  r e p e a t  any  t e s t s  from t h e  f i r s t  two 
( 3 r d  Day Underground) days  and ,  i f  a p p r o p r i a t e ,  per form an X-band 

microwave t e s t  

I N  EVERY M I N E ,  MF INDUCTIVELY COUPLED TRANSMISSION PROVED TO BE THE 
MOST SIGNIFICANT. 

A s  t h e  p r o g r a m  p r o g r e s s e d ,  t h e  a u t h o r s  b e c a m e  m o r e  f a c i l e  i n  
r e c o g n i z i n g  any unusua l  phenomena and  i n  a r r a n g i n g  t h e  t e s t s  t o  p e r m i t  
t h e i r  i n v e s t i g a t i o n .  I n  l a r g e  p a r t ,  t h e  MF/HF t e s t s  proved t o  be  t e s t s  
o f  p a r t i c u l a r  c o u p l i n g  phenomena t o  m i n e  w i r i n g .  T e s t  p a r a m e t e r s  i n  
e a c h  o f  t h e  swept  r a n g e s  b e g a n  t o  f a l l  i n t o  bounded  g roups  t h a t  were 
c o n s i s t e n t  from mine-to-mine. 

2.5 REPORT CONTENTS 

S e c t i o n  1 .0 ,  E x e c u t i v e  Summary. i s  i n t e n d e d  a s  a  s t and-a lone  s e c t i o n  
p r o v i d i n g  an overview o f  a l l  t h e  t e s t  r e s u l t s  and t h e i r  r e l a t i o n s h i p  t o  
p r a c t i c e ,  s c i e n t i f i c  knowledge a d v a n c e m e n t  and t o  t echno logy  b u s i n e s s  
development.  T h i s  s e c t i o n  a l s o  i n c l u d e s  r e c o m m e n d a t i o n s  f o r  f u r t h e r  
work. 

S e c t i o n  3.0. T e c h n i c a l  A p p r o a c h ,  p r e s e n t s  t h e  c h a r a c t e r i z a t i o n  o f  t h e  
t e s t  sys tem and i ts  r e l a t i o n s h i p  t o  near-optimum h y p o t h e t i c a l  p r a c t i c a l  
sys tem embodiments .  T h i s  s e c t i o n  a l s o  p r e s e n t s  a  d e s c r i p t i o n  o f  t h e  
t e s t  e n v i r o n m e n t s  i n  e a c h  i n d i v i d u a l  m i n e .  T a b l e s  o f  t e s t  d a t a  
r e d u c t i o n  f a c t o r s  a r e  p rov ided .  

S e c t i o n  4 . 0 ,  I n d i v i d u a l  M i n e  R e d u c e d  T e s t  D a t a ,  p r e s e n t s  t h e  
s i g n i f i c a n t  reduced d a t a  from e a c h  i n d i v i d u a l  mine Summary Data Report  
t o g e t h e r  wi th  a n n o t a t i o n s  and a m p l i f y i n g  comments. 

S e c t i o n  5.0.  P r e s e n t a t i o n  o f  Raw Swept-Frequency Da ta ,  p r e s e n t s  a l l  t h e  
o r i g i n a l  o s c i l l o g r a p h s  f rom w h i c h  t h e  r e d u c e d  r e s u l t s  were d e r i v e d .  
Toge the r  wi th  d a t a  r e d u c t i o n  f a c t o r s  g i v e n  i n  S e c t i o n  3.0. t h e  r e a d e r  
can r ep roduce  t h e  reduced r e s u l t s :  e x c e p t  a s  no ted .  



2.6 DEFINITION OF REPORT TERMS, CONVENTIONS AND NOMENCLATURE 

Because t h i s  measurement program i s  c l o s e l y  l i n k e d  t o  p r e v i o u s  s t u d i e s  
sponsored  by t h e  B u r e a u  o f  M i n e s ,  t h e  a u t h o r s  h a v e  e l e c t e d  t o  r e t a i n  
e l e m e n t s  of  t h e  p r e v i o u s l y  a d o p t e d  n o m e n c l a t u r e .  I n  o r d e r  t o  
a l e v i a t e  c o n f u s i o n  w h i c h  may  a r i s e  f r o m  a  s t r i c t  t e c h n i c a l  
i n t e r p r e t a t i o n  of t h e  t e r m s ,  s u c c i n c t  d e f i n i t i o n s  of s e v e r a l  of t h e s e  
t e r m s ,  r e p o r t i n g  c o n v e n t i o n s  and nomenc la tu re  f o l l o w .  

2.6.1 FREQUENCY RANGES 

The f r e q u e n c y  r a n g e  f r o m  0 . 2  MHz t o  1000  MHz h a s  b e e n  a l l o c a t e d  i n t o  
t h e  f o l l o w i n g  bands  w h i c h  c o n f o r m  t o  n a t u r a l  l i m i t a t i o n s  of t h e  t e s t  
equipment  used  i n  t h e  f i e l d  measurements:  

Medium F r e q u e n c y  Band  T h e  " m e d i u m  f r e q u e n c y "  b a n d  e n c o m p a s s e s  
f r e q u e n c i e s  from 0 .2  MHz t o  1 .0  MHz i n c l u s i v e .  T h e  medium f r e q u e n c y  
band i s  d e s i g n a t e d  by t h e  a b r e v i a t i o n  "MF" f o r  t h e  s a k e  of b r e v i t y  i n  
t h e  r e p o r t  t e x t  and i n  t h e  p r e s e n t a t i o n  of t h e  d a t a .  

H i g h  F r e q u e n c y  B a n d  T h e  " h i g h  f r e q u e n c y "  b a n d  e n c o m p a s s e s  
f r e q u e n c i e s  f r o m  2 . 0 ~ ~ z  t o  20.0 MHz i n c l u s i v e .  The  h i g h  f r e q u e n c y  
band i s  d e s i g n a t e d  by t h e  a b r e v i a t i o n  "HF". 

Very High Frequency Band The  " v e r y  h i g h  f r e q u e n c y "  band,  d e s i g n a t e d  
i n  t h e  r e p o r t  a s  "VHF", e n c o m p a s s e s  f r e q u e n c i e s  f rom 20.0 MHz t o  100 
MHz i n c l u s i v e .  

U l t r a  H i g h  F r e q u e n c y  B a n d  -- T h e  " u l t r a - h i g h  f r e q u e n c y "  b a n d ,  
d e s i g n a t e d  i n  t h e  r e p o r t  a s  "UHF", e n c o m p a s s e s  f r e q u e n c i e s  from 100 

2.6.2 LOOP ANTENNA ORIENTATIONS 

The MF and HF d a t a  was a c c u m u l a t e d  t h r o u g h  t h e  u s e  of c a l i b r a t e d  l o o p  
t r a n s m i t t i n g  a n d  r e c e i v i n g  a n t e n n a s .  The a n t e n n a s  e x h i b i t  b o t h  a  
p h y s i c a l  and a n  e l e c t r i c a l  p l a n a r  g e o m e t r y ,  w h i c h  i s  used  i n  t h i s  
p r o g r a m  t o  i n v e s t i g a t e  d i s t i n c t  o r t h o g o n a l  p r o p a g a t i o n a l  modes.  
Fo l lowing  a r e  a  l i s t  o f  o r i e n t a t i o n  t e r m s  and  a b r e v i a t i o n s  adop ted  
f o r  t h e  s a k e  of  b r e v i t y  i n  t h e  p r e p a r a t i o n  of  t h e  t e x t  a n d  d a t a  of 
t h i s  r e p o r t .  

Coplanar  H o r i z o n t a l  M a g n e t i c  D i p o l e  The " c o p l a n a r  h o r i z o n t a l  magne t i c  
d i p o l e "  a n t e n n a  o r i e n t a t i o n  c o n s i s t s  o f  a l i g n i n g  a n  a n t e n n a  i n  a  
v e r t i c a l  p l a n e  w h i c h  i n t e r s e c t s  t h e  g e o m e t r i c  c e n t e r  of  t h e  o t h e r  
a n t e n n a .  When o n l y  o n e  a n t e n n a  i s  u s e d ,  s u c h  a s  i n  e x c i t i n g  a d j a c e n t  
c o n d u c t o r s  runn ing  a l o n g  a  d r i f t ,  t h e  a n t e n n a  i s  a l i g n e d  i n  a  v e r t i c a l  
p l a n e  w h i c h  i s  p a r a l l e l  w i t h  t h e  c e n t e r l i n e  o f  t h e  d r i f t .  T h i s  



o r i e n t a t i o n  i s  d e s i g n a t e d  a s  t h e  "Cop lana r  HMD" o r i e n t a t i o n  i n  t h i s  
r e p o r t .  

A x i a l  H o r i z o n t a l  Magnet ic  D i p o l e  The " a x i a l  h o r i z o n t a l  m a g n e t i c  
d ipo le"  antenna o r i e n t a t i o n  ( d e s i g n a t e d  t h e  "Ax ia l  HMD" o r i e n t a t i o n )  
c o n s i s t s  o f  a l i g n i n g  a n  a n t e n n a  i n  a  v e r t i c a l  p l a n e  w h i c h  i s  
perpendicu la r  t o  t h e  l i n e  which i n t e r s e c t s  t h e  geometric c e n t e r  of t h e  
o t h e r  antenna. When only  one a n t e n n a  i s  u s e d ,  t h e  antenna i s  a l i gned  
i n  a  v e r t i c a l  plane perpendicu la r  t o  t h e  d r i f t  c e n t e r l i n e .  

V e r t i c a l  Magnet ic  D i p o l e  The  " v e r t i c a l  m a g n e t i c  d i p o l e "  a n t e n n a  
o r i e n t a t i o n  ( d e s i g n a t e d  a s  t h e  VMD o r i e n t a t i o n )  c o n s i s t s  of a l i g n i n g  
t h e  a n t e n n a  i n  a  h o r i z o n t a l  p l a n e ,  which i n t e r s e c t s  t h e  g e o m e t r i c  
c e n t e r  of t he  o t h e r  antenna,  o r  i s  r e l a t e d  t o  t h e  he igh t  of t h e  d r i f t ,  
i f  t he  o the r  antenna i s  not p resen t .  

2.6.3 MONOFILAR EXCITATION 

Previous s t u d i e s  i n  c o a l  mines  have  r e s u l t e d  i n  a n  ex t ens ive  body of 
knowledge r e l a t i n g  t o  s i g n a l  c o u p l i n g  o n t o  and p r o p a g a t i n g  a l o n g  
conductors i n  t hose  t y p e s  of mines .  Un l ike  t r a n s m i s s i o n  l i n e s ,  which 
have cha r t e r i zed  parameters t h a t  s u s t a i n  d i s t i n c t i v e  propagat ion modes 
f o r  s u b s t a n t i a l  d i s t a n c e s ,  m i n e  w i r i n g  i s  e x t r e m e l y  v a r i a b l e  and 
g e n e r a l l y  must be c h a r a c t e r i z e d  e m p i r i c a l l y .  The p r imary  means of 
c h a r a c t e r i z a t i o n  which h a s  e v o l v e d  i n  t h e  p r e c e d i n g  s t u d i e s ,  depends 
on t h e  e x c i t a t i o n  of i n d i v i d u a l  c o n d u c t o r s  o r  conductor  ensembles by 
s t r o n g  l o c a l i z e d  magnetic f i e l d s .  Because t h e  t ransmiss ion  p r o p e r t i e s  
of t h e  c o n d u c t o r  i s  unknown,  a n d  t h e  r e t u r n  c u r r e n t  p a t h  may be 
inde te rmina te ,  such e x c i t a t i o n  h a s  been  c h a r a c t e r i z e d  a s  "monofilar". 
The u s a g e  of " m o n o f i l a r "  i n  t h i s  c o n t e x t  r e l a t e s  o n l y  t o  t h e  
e x c i t a t i o n  of common p h a s e  c u r r e n t s  i n  one o r  more conductors ,  which 
does  p r e c l u d e  t h e  e x i s t a n c e  of o r  mode c o n v e r s i o n  t o  d i f f e r e n t i a l  
p r o p a g a t i o n  modes i n  o t h e r  c o n d u c t o r s .  I n d e e d ,  w i t h  t h e  w i d e l y  
varying topology of conduc to r  t y p e s  and c a b l e  p l a n t  con f igu ra t lons ,  a  
s i n g l e  mode would not  be expec ted  t o  e x i s t  wi thout  conver t ing  t o  o t h e r  
modes. "Monofilar" c u r r e n t s ,  t h e r e f o r e  a r e  used t o  desc r ibe  c u r r e n t s  
which a r e  generated i n  r e s p o n s e  t o  a  p a r t i c u l a r  e x c i t a t i o n  phenomena, 
wi th  inde te rmina te  r e t u r n  c u r r e n t s  i n  o t h e r  conductors  o r  through t h e  
e a r t h .  

I n  some i s o l a t e d  i n s t a n c e s ,  " b a l a n c e d "  p a r a l l e l  c o n d u c t o r s  a r e  
encountered i n  which e q u a l  and o p p o s i t e  c u r r e n t s  may be e x c i t e d ,  i n  
such symmetr ical  c a s e s  where d i f f e r e n t i a l  c u r r e n t s  a r e  e x c i t e d ,  t h e  
e x c i t a t i o n  mode i s  c a l l e d  " B i f  i l a r " .  The a u t h o r s  have  a t t e m p t e d  
" B i f i l a r "  e x c i t a t i o n  of s u c h  c o n f i g u r a t i o n s  a s  t r o l l e y  power and 
ground ( t r a c k )  ensembles, b u t  have found  t h a t  t he  conductors were too 
unbalanced t o  gene ra t e  s i g n i f i c a n t  d i f f e r e n t i a l  mode cu r r en t s .  



In general,  most current e x c i t a t i o n  appears t o  be "monofilar", a s  used. 
i n  the context of t h i s  r e p o r t ,  f o r  both  l o c a l i z e d  e x c i t a t i o n  currents 
and as  the surv iv ing  t r a n s m i s s i o n  mode of MF s i g n a l  propagation over 
long d is tances .  



3.0 TECHNICAL APPROACH 

Measurements were conducted in this program using a unique broadband 
swept-frequency test system. T h e  u s e  of this system permitted a 
spectral analysis of transmission modes in each mine from MF (0.2 MHz 
lower limit) through UHF (1000 M H z  high limit) from which optimum 
frequencies were chosen for more detailed measurements/analysis. The 
test system is described in this section. 

Originally, all reduced test data was to have been normalized to sets 
of near-optimum practical system parameters so that actual system 
performance could be directly assessed. Following testing in the first 
mine, the MF and H F  d a t a  w a s  found t o  be s o  closely linked to 
particular coupling mechanisms that all further reduced data in these 
ranges was normalized t o  the test system parameters to facilitate 
understanding of these mechanisms. The VHF and UHF data continued to 
be normalized on a practical system basis. 

During the course of the program, particular MF/HF coupling phenomena 
were investigated v i a  m e a s u r e m e n t s  and analysis. Additionally, 
theoretical and practical upper limits on MF/HF transmit performance 
were determined for practically-sized systems, which are described in 
this section. 

The results obtained in particular mines have been primarily attributed 
to the physical test environments encountered: electrical parameters 
of the geological strata, drift topology, drift cross-sectional 
parameters and d e t a i l s  of m i n e  wiring. I n d i v i d u a l  test system 
environments of the visited mines are fully described in this section. 
Significant transmission characteristics found in the individual mines 
during the swept-frequency t e s t s  w e r e  examined in detail using 
conventional continuous wave (CW) field strength meter techniques. 

Both swept-frequency and CW test system elements were calibrated prior 
to the first mine visit. The field strength calibration standard was 
a Fairchild EMC-25; which w a s  calibrated by the Rockwell/Collins 
metrology lab test facility in Cedar Rapids prior to the first mine 
visit. 

3.1 TEST SYSTEM CHARACTERIZATION 

3.1.1 TEST SYSTEM DESCRIPTIONS 

The swept-frequency test system implementations are illustrated in the 
block diagrams of F i g u r e s  4 t h r o u g h  7. T h e  system was generally 
deployed in a "typical" drift segment with a fixed transmit location 
and one or more fixed receiving locations at ranges between 150 and 
1000 feet; typically, 300-400 feet. 



FIGURE 4 
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FIGURE 5 
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FIGURE 6 

VERY-HIGH-FREQUENCY(VHF1 SWEPi-FREQUENCY TEST 
SYSTEM EQUIPMENT CONFIGURATION 
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FIGURE 7 

ULTRA-HIGH-FREQUENCY(UHF1 SWEPT-FREQUENCY TEST 
SYSTEM EQUIPMENT CONFIGURATION 
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The key e l e m e n t s  i n  t h e  s w e p t - f r e q u e n c y  s y s t e m  were T e k t r o n i x *  7L5 o r  
7L12 spec t rum a n a l y z e r  m o d u l e s  u s e d  a s  r e c e i v e r s  i n  a  T e k t r o n i x *  7603 
s t o r a g e  o s c i l l o s c o p e  m a i n f r a m e .  The a n a l y z e r s  o p e r a t e d  a synchronous ly  
w i t h  r e s p e c t  t o  t h e  swept  f r equency  o u t p u t  of  one of two Wavetek* sweep 
g e n e r a t o r s  i n  MF, HF, VHF a n d  UHF b a n d s .  D a t a  w a s  r e c o r d e d  on 
o s c i l l o g r a p h s .  P a r t i c u l a r  l i s t s  o f  e q u i p m e n t  a n d  t e s t  s y s t e m  
p a r a m e t e r s  fo l low:  

Medium Frequency (MF) T e s t s  ( n o m i n a l l y  0.2-1 MHz) 

T r a n s m i t  System: 

- Wavetek* Model 114 sweep s i g n a l  g e n e r a t o r  
s w i t c h  ' f f w ,  X3, XI s e t  t o  XI 
f r e q u e n c y .  Hz s e t  t o  lOOK 
sweep mode set t o  c o n t .  w/sweep 

( a l i g n  r e d  k b l a c k  l i n e s )  
s l o p e / l e v e l  s e t  t o  -1, r e d  l i n e  "upn 
sweep r a t e :  b l a c k  on 0.1 

r e d  on 1 
f r e q u e n c y  d i a l  s e t  t o  0.5 
a m p l i t u d e  set t o  minimum v a l u e  

- E N I *  300P power a m p l i f i e r  
1-watt o u t p u t  i n t o  50 ohms 

- modif ied  S i n g e r *  s h i e l d e d  l o o p  a n t e n n a  b r o a d l y  s e r i e s  
r e s o n a t e d  t o  0.65 MHz, a r e a  = 0 .73  s q u a r e  
m e t e r s  

o r  

S toddard* c u r r e n t  probe  

- b a t t e r i e s  and i n v e r t e r  a s  shown i n  F i g u r e  4. 

Receive  System: 

- S i n g e r *  NU-25 l o o p  an tenna  s e t  t o  band-1 

- Hewlet t  Packard* 08640-060506 low n o i s e  preamp 
( 3 3  dB g a i n  i n  MF band) 

Reference  t o  s p e c i f i c  b r a n d s ,  equipment ,  o r  t r a d e  names i n  t h i s  
r e p o r t  i s  made t o  f a c i l i t a t e  u n d e r s t a n d i n g  and d o e s  n o t  imply 
endorsement  by t h e  Bureau o f  Mines. 



- T e k t r o n i x *  7L5 spec t rum a n a l y z e r  
500 KHz d o t  f r equency  
100 KHz/division 

30 KHz r e s o l u t i o n  
10 d B / d i v i s i o n  l o g  a m p l i t u d e  

o r  
T e k t r o n i x *  7L12 spec t rum a n a l y z e r  

100 KHz/div is ion  
30 KHz r e s o l u t i o n  
10 d B / d i v i s i o n  l o g  a m p l i t u d e  

t r a c e  s t a r t  marker a t  l e f t  g r a t i c u l e  l i n e  

High Frequency(HF1 T e s t s  ( n o m i n a l l y  2-20 MHz) 

Transmi t  System: 

- Wavetek* Model 2001 sweep s i g n a l  g e n e r a t o r  
o u t p u t  set t o  -10 dBm 
mode s w i t c h  on S/S 
band-1 
sweep t i m e  s e t  t o  1 : l  
c a r e f u l l y  a d j u s t  f r equency  limits 

- E N I *  300P power a m p l i f i e r  
1-watt o u t p u t  i n t o  50 ohms 

- modif ied  S i n g e r *  s h i e l d e d  l o o p  an tenna  w i t h  100 f e e t  o f  
RG-8 c a b l e  s e r v i n g  a s  a  d e l a y  l i n e  w i t h  r e s o n a n t  peaks  
a t  2.0,  4 .4 .  7.9. 14 .4 ,  18.0 MHz 

0 r 
S toddard*  c u r r e n t  probe  

- b a t t e r i e s  and i n v e r t e r  p e r  F i g u r e  5.  

Receive  System: 

- S i n g e r *  NM-25 l o o p  a n t e n n a  s e t  t o  band 4 

- Hewlet t  Packard* 08640-060506 low n o i s e  preamp w i t h  
g a i n  a s  shown i n  F i g u r e  5. 

Reference  t o  s p e c i f i c  b r a n d s ,  equipment ,  o r  t r a d e  names i n  t h i s  
r e p o r t  i s  made t o  f a c i l i t a t e  u n d e r s t a n d i n g  and does  n o t  imply 
endorsement  by t h e  Bureau o f  Mines. 



- T e k t r o n i x *  7L12 spec t rum a n a l y z e r  
2 MHz/division 

300 KHz r e s o l u t i o n  
10 d B / d i v i s i o n  l o g  a m p l i t u d e  

t r a c e  s t a r t  marker a t  l e f t  g r a t i c u l e  l i n e  

Very High Frequency (VHF) t e s t s  ( n o m i n a l l y  20-200 MHz) 

Transmi t  System: 

- Wavetek* Model 2001 sweep s i g n a l  g e n e r a t o r  
o u t p u t  s e t  t o  -10 dBm 
mode s w i t c h  s e t  t o  S/S 
band 1  
sweep t ime  set t o  1 : l  
c a r e f u l l y  a d j u s t  f r equency  l i m i t s  

- ENI* 600L o r  600P power a m p l i f i e r  
1-watt i n t o  50 ohms 

- EMCO* 3104 b i c o n i c a l  a n t e n n a  
broadband 

- b a t t e r i e s  and i n v e r t e r  a s  shown i n  F i g u r e  6. 

Receive  System: 

- EMCO* 3104 b i c o n i c a l  an tenna  
broadband 

' - T e k t r o n i x *  7Kll  CATV preamp 
set  t o  0  dBmV 

- T e k t r o n i x *  7L12 spect rum a n a l y z e r  
20 MHz/division 

3 MHz r e s o l u t i o n  
10 d B / d i v i s i o n  l o g  a m p l i t u d e  

t r a c e  s t a r t  marker a t  l e f t  g r a t i c u l e  l i n e  

Refe rence  t o  s p e c i f i c  b r a n d s ,  equipment.  o r  t r a d e  names i n  t h i s  
r e p o r t  is made t o  f a c i l i t a t e  u n d e r s t a n d i n g  and does  n o t  imply 
endorsement  by t h e  Bureau of Mines. 



U l t r a  High Frequency (UHF) T e s t s  ( n o m i n a l l y  200-1000 MHz) 

Transmi t  System: 

- Wavetek* Model 2001 sweep s i g n a l  g e n e r a t o r  
o u t p u t  s e t  t o  -10 dBm 
mode s w i t c h  s e t  t o  S/S 
band 1 ,  band 2  (500 MHz c r o s s o v e r )  

( 2  o s c i l l o g r a p h s  r e q u i r e d )  
sweep time s e t  t o  1 : l  
wide-open band limits 

- E N I *  600L o r  600P power a m p l i f i e r  
1-watt i n t o  50 ohms 

- Dorne & Margolin* ARl22 l o g  p e r i o d i c  an tenna  
broadband 

- b a t t e r i e s  and i n v e r t e r  a s  shown i n  F i g u r e  7. 

Receive  System: 

- Dorne & Margol in*  AR122 l o g  p e r i o d i c  a n t e n n a  
broadband 

- T e k t r o n i x *  7Kll  CATV preamp 
s e t  t o  0  dBmV 

- T e k t r o n i x *  7L12 spec t rum a n a l y z e r  
100 MHz/division 

3 MHz r e s o l u t i o n  
10  d B / d i v i s i o n  l o g  a m p l i t u d e  

t r a c e  s t a r t  marker a t  l e f t  g r a t i c u l e  l i n e .  

C o n t i n u o u s  w a v e  t e s t s  u s e d  t h e  s a m e  t r a n s m i t  s y s t e m  a s  t h e  
swept-frequency t e s t s  w i t h  f r e q u e n c y  g e n e r a t o r s  o p e r a t e d  on a  CW b a s i s  
o r .  a l t e r n a t i v e l y ,  C o l l i n s *  MF 520 KHz 1-watt p o r t a b l e  r a d i o s  and tuned 
l o o p s .  The CU r e c e i v i n g  equipment c o n s i s t e d  o f  t h e  S i n g e r *  NM-25 f i e l d  
s t r e n g t h  meter  f o r  MF/HF t e s t s  and t h e  F a i r c h i l d *  EMC-25 f i e l d  s t r e n g t h  
meter  f o r  VHF/UHF t e s t s .  The MF/HF r e c e i v i n g  a n t e n n a  was a  s t a n d a r d  
S i n g e r *  c a l i b r a t e d  l o o p .  The VHF/UHF r e c e i v i n g  a n t e n n a s  were b i c o n i c a l  
o r  l o g  p e r i o ' d i c  a n t e n n a s .  T h e  X - b a n d  m i c r o w a v e  t e s t  s e t - u p ,  
i l l u s t r a t e d  i n  F i g u r e  8 ,  u s e d  a  .Microwave A s s o c i a t e s *  86656CM s o u r c e  
and a  S inge r*  NM-65 f i e l d  s t r e n g t h  meter  each  o p e r a t i n g  w i t h  Narda* 
horn  an tennas .  

Refe rence  t o  s p e c i f i c  b r a n d s ,  equipment ,  o r  t r a d e  names i n  t h i s  
r e p o r t  is made t o  f a c i l i t a t e  u n d e r s t a n d i n g  and does  n o t  imply 
endorsement  by t h e  Bureau o f  Mines 



FIGURE 8 

MICROWAVE CW TEST SYSTEM EQUIPMENT CONFIGURATION 

MICROWAVE ASSOCIATES* 
86656CM X-BAND SOURCE 

RECE I VE 
SYSfEM 

PLAST I C 

'Reference t o  s ~ e c l f l c  brands, eoulpnent,  o r  t r a d e  names i n  t h i s  r e ~ o r t  
I s  made t o  f a c l l l t a t e  understanding and does n o t  l m ~ l y  endorsement by 
the  Bureaa of Mlnes 
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3.1.2 TEST AND PRACTICAL SYSTEM CHARACTERISTICS 

The c h a r a c t e r i s t i c  t e s t  s y s t e m  p a r a m e t e r s  a r e  t h e  t r a n s m i t  c u r r e n t  
moment a n d  c o n v e r s i o n  f a c t o r s  r e l a t i n g  r e c e i v e d  s i g n a l  l e v e l s  t o  
i n c i d e n t  m a g n e t i c  a n d  e l e c t r i c  f i e l d  s t r e n g t h s .  T r a n s m i t  moment and 
r e c e i v e  s i g n a l  s e n s i t i v i t y  p a r a m e t e r s  a r e  u s e d  t o  p e r f o r m  d a t a  
n o r m a l i z a t i o n  f o r  p r a c t i c a l  o p e r a t i n g  s y s t e m s .  A m o d i f i e d  s e t  o f  
c o r r e c t i o n  f a c t o r s  c a n  b e  u s e d  f o r  n o r m a l i z a t i o n  o f  t h e  t e s t  sys t em 
measured d a t a  t o  p r a c t i c a l  s y s t e m s .  

T h e  m o s t  a p p r o p r i a t e  r e p r e s e n t a t i o n  o f  c u r r e n t  m o m e n t  i s  t h e  
q u a s i - s t a t i c  p u r e l y  g e o m e t r i c  l i m i t  o f  INA ( p r o d u c t  o f  c u r r e n t ,  number 
o f  l o o p  t u r n s  and t h e  l o o p  a r e a  i n  s q u a r e  meters) f o r  l o o p  a n t e n n a s ,  
a n d  I h e  ( p r o d u c t  o f  b a s e  c u r r e n t  a n d  e f f e c t i v e  h e i g h t ,  h e )  f o r  
d i p o l e / m o n o p o l e  e l e c t r i c  a n t e n n a s .  F o r  t h e  q u a s i - s t a t i c  i n d u c t i o n  
f i e l d  c a s e ,  t h e s e  r e p r e s e n t a t i o n s  a r e  e q u i v a l e n t .  These  q u a s i - s t a t i c  
terms m u s t  b e  m o d i f i e d  t o  r e p r e s e n t  t h e  r a d i a t i o n  f i e l d  moments a t  
s u b s t a n t i a l  d i s t a n c e s  from t h e  a n t e n n a s  where ,  t o  a c h i e l v e  e q u i v a l e n c e  
w i t h  I&. t h e  magne t i c  c u r r e n t  moment m u s t  b e  m u l t i p l i e d  by 2  times p i  
times t h e  i n v e r s e  o f  t h e  s i g n a l  wave leng th  i n  meters. 

For t h e  t e s t  sys t em,  t h e  g e o m e t r i c  c u r r e n t  moments have  been measured 
a s  p a r t  o f  t h e  s y s t e m  c a l i b r a t i o n  p r o c e s s .  F o r  p r a c t i c a l  s y s t e m s ,  t h e  
c u r r e n t  moments have  been  c a l c u l a t e d  f o r  man-ca r r i ed  a n d / o r  v e h i c u l a r  
a p p l i c a t i o n s  i n v o l v i n g  a  n o m i n a l  0 . 2  s q u a r e  meter l o o p  a n d  a  0.375 
meter h i g h  VHF o r  a  q u a r t e r w a v e  UHF w h i p  a s s u m i n g  1-watt o f  a v a i l a b l e  
power e q u i v a l e n t  t o  t h a t  from t h e  t e s t  sys t em.  

Loop t r a n s m i t  moments ( I N A S )  were computed a s  a  c o m p o s i t e  o f  m u l t i - t u r n  
(2-10 t u r n )  l o o p  p a r a m e t r i c  d a t a  d e r i v e d  from a  proven m u l t i - t u r n  l o o p  
d e s i g n  a l g o r i t h m  p r e v i o u s l y  p r e s e n t e d  by t h e  a u t h o r  i n  t h e  f i n a l  r e p o r t  
o f  C o n t r a c t  50395072, W i r e l e s s  Communications f o r  T r a c k l e s s  Haulage 
V e h i c l e s .  Computed d a t a  f o r  a  50  ohm 1  w a t t  s o u r c e  
e x c i t i n g  t h e  a n t e n n a s  t h r o u g h  a  s i n g l e - p o l e  m a t c h i n g  n e t w o r k  i s  
p r e s e n t e d  i n  F i g u r e  9 .  R e a d i l y  a v a i l a b l e  i m p e d a n c e  d a t a  was used  f o r  
t h e  whip  a n t e n n a s  w i t h  c o m p u t a t i o n s  f o r  1 w a t t  f r o m  a n  i m p e d a n c e  
m a t c h e d  50-ohm s o u r c e  shown i n  F i g u r e  1 0 .  The  l o o p  d a t a  d o e s  n o t  
r e f l e c t  e i t h e r  t h e  p r a c t i c a l  u p p e r  l i m i t  f o r  s i n g l e - p o l e - t u n e d  
o p e r a t i o n  o r  t h e  t h e o r e t i c a l  u p p e r  l i m i t  d e r i v e d  on  a s t o r e d  ene rgy  
b a s i j .  

The r e c e i v i n g  s y s t e m  c o r r e c t i o n  f a c t o r s  ( a d d e d  d i r e c t l y  t o  t h e  dBm 
s i g n a l s  shown on t h e  s p e c t r u m  a n a l y z e r  t o  d e t e r m i n e  t h e  m a g n e t i c  o r  
e l e c t r i c  f i e l d  s t r e n g t h )  a r e  t h e  c o m p o s i t e  sum o f :  

( 1 )  t h e  c a l i b r a t e d  r e c e i v i n g  a n t e n n a  f a c t o r  i n  dB. 
( 2 )  t h e  measured r e c e i v i n g  sys tem p r e a m p l i f i e r  g a i n  i n  dB 
( 3 )  107 dB dBm-dB V c o n v e r s i o n ,  
( 4 )  and.  f o r  d e t e r m i n a t i o n  o f  t h e  magne t i c  f i e l d s .  -51.15 dB 

uVolt/m-uAmp/m c o n v e r s i o n  f a c t o r  f o r  t h e  i n t r i n s i c  f r e e  
s p a c e  impedance.  
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C o r r e c t i o n  f a c t o r s  f o r  MF/HF t e s t  and  p r a c t i c a l  s w e p t  and CW s y s t e m s  
a r e  g i v e n  i n  T a b l e  2 .  C o r r e s p o n d i n g  VHF/UHF c o r r e c t i o n  f a c t o r s  a r e  
g iven  i n  Tab le  3. I n  t h e  i n d i v i d u a l  r e d u c e d  mine d a t a  o f  Logan Wash 
Mine, United Nuclear  S e c t i o n  23 Mine, and Kerr-  McGee Hobbs Po tash  
Mine, some o f  t h e  c o r r e c t i o n  f a c t o r s  v a r i e d  from t h o s e  g iven  i n  t h e s e  
t a b l e s  due t o  r ep lacement  o f  t h e  t r a n s m i t  t e s t  power a m p l i f i e r  and due  
t o  t h e  e r r o n e o u s  a s s u m p t i o n  t h a t  t h e  g a i n  o f  t h e  p r e a m p s  w a s  
independen t  o f  f r e q u e n c y .  C o r r e c t i o n  f a c t o r s  and t r a n s m i t  coup led  
c u r r e n t  v a l u e s  a p p r o p r i a t e  f o r  u s e  w i t h  t h e  S toddard  c u r r e n t  p r o b e s  

- a r e  g iven i n  Tab le  4. 

Geometric  c u r r e n t  moments f o r  t h e  p r a c t i c a l  and t e s t  sys t ems  a r e  g iven  
i n  F i g u r e  11 .  T h i s  d a t a  may b e  compared  w i t h  v a l u e s  f o r  comparable  
r a d i a t i o n  c u r r e n t  moments  g i v e n  i n  F i g u r e  1 2 .  For  e v a l u a t i n g  t h e  
p r e d i c t e d  p e r f o r m a n c e  o f  n p r a c t i c a l  s y s t e m s n ,  computed  r e c e i v i n g  
sys tem s e n s i t i v i t y  l e v e l s  ( b a s e d  on t h e  t h e r m a l  n o i s e  l imits o f  t h e  
l o o p s )  a r e  g iven  i n  F i g u r e  13. 

3.2 CATEGORIZATION OF TESTS & TEST ENVIRONMENTS 

3.2.1 OCCIDENTAL OIL SHALE LOGAN WASH M I N E  

F i r s t  Day T e s t s  9-25-80 

The f i r s t  day o f  t e s t i n g  w a s  c o m p r i s e d  s o l e y  o f  s w e p t - f r e q u e n c y  
measurements .  The t r a n s m i t t i n g  s i g n a l  s o u r c e s  were l o c a t e d  a t  t h e  end 
o f  t h e  L-700 d r i f t  (Sou th )  u n d e r  a  non-roof-bol ted  s e c t i o n  o f  t h e  mine 
t h a t  was f r e e  o f  c o n d u c t o r s  f o r  a  d i s t a n c e  o f  50 o r  60 f e e t  i n  f r o n t  o f  
t h e  t r a n s m i t t e r .  The t r a n s m i t t e r  was p l a c e d  a t  t h e  d r i f t  c e n t e r  and t h e  
r e c e i v i n g  antenna  was a l s o  p l a c e d  i n  t h e  d r i f t  c e n t e r  a t  a  d i s t a n c e  of 
240 f e e t  ( n e a r l y  o p p o s i t e  t h e  e n t r y  t o  R e t o r t  1 6 ) .  F o l l o w i n g  t h e s e  
t e s t s ,  t h e  r e c e i v i n g  l o c a t i o n  was moved c l o s e r  t o  t h e  t r a n s m i t t e r  t o  a  
r a n g e  o f  120  f e e t  w h e r e  t h e  m e a s u r e m e n t s  w e r e  r e p e a t e d .  Beyond t h e  
50-60 f o o t  range  ( e n t r a n c e  t o  i n v e n t o r y  s t o r a g e  a r e a ) ,  c o n d u c t o r s  i n  
t h e  d r i f t  e x t e n d e d  i n  t h e  i n b y  d i r e c t i o n .  Over t h e  t e s t  r a n g e ,  t h e  
r o o f  h e i g h t  v a r i e d  b e t w e e n  10 a n d  20 f e e t  a n d  t h e  d r i f t  w id th  v a r i e d  
between 30-40 f e e t .  The g e o m e t r y  o f  t h e s e  t e s t s  i s  i l l u s t r a t e d  on t h e  
mine map o f  F i g u r e  14. 

Second Day T e s t s  9-26-80 

On t h e  s e c o n d  d a y ,  CW VHF a n d  UHF t e s t s  w i t h  r a n g e  a l o n g  t h e  L-700 
d r i f t  were performed a t  t e s t  f r e q u e n c i e s  o f  80 ,  150, 500. and 800 MHz. 
The t r a n s m i t e r  l o c a t i o n  was t h e  same a s  t h a t  used t h e  f i r s t  day f o r  t h e  
swept-frequency t e s t s .  



TABLE 2 

MF d HF MAGNETIC FIELD STRENGTH CORRECTION FACTORS 

FREQUENCY (Mi21 

0.2 
0.25 
0.35 
0.45 
0.55 
0.65 
0.75 
0.85 
0.95 
2.0 
4.4 
7.9 

11.2 
14.4 
18.0 

TEST SYSTEM 
SWEPT (DB) CW(DB) 

PRACTICAL SYSTEM 
SWEPT(DB) CW(DB) 





TABLE 4 

MAGNETIC FIELD STRENGM DATA CORRECTI3N FACTORS 
FOR USE WITH STODOARO CURRENT PROBE 

FREQUENCY (MHz) FACTOR( DB) 
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A d d i t i o n a l l y ,  a s  t h e  t r a n s m i t  l o c a t i o n  was i n  a  c o n d u c t o r - f r e e  a r e a .  MF 
CW t e s t s  were performed a t  f r e q u e n c i e s  o f  250 .  650, and 1000 KHz. The 
t e s t  g e o m e t r i e s  f o r  t h e  s e c o n d  day  o f  t e s t i n g  a r e  shown i n  t h e  mine 
maps o f  F i g u r e s  15 and 16. 

T h i r d  Day T e s t s  9-27-80 

MF CW t e s t s  o f  l o o p - e x c i t e d  a n d  c u r r e n t - p r o b e - e x c i t e d  m o n o f i l a r  
t r a n s m i s s i o n  modes w e r e  p e r f o r m e d  d u r i n g  t h e  t h i r d  d a y .  For t h e  
a n t e n n a  e x c i t a t i o n  t e s t ,  t h e  t r a n s m i t  l o o p  was p l a c e d  i n  t h e  d r i f t  
c e n t e r  i n  t h e  c o p l a n a r  H M D  o r i e n t a t i o n .  The  p r o b e - e x c i t e d  ' t e s t s  were 
conducted  wi th  t h e  p robe  coup led  t o  t h e  phone l i n e  n e a r  R e t o r t  X6 where 
t h e  a c c e s s  t o  t h e  midd le  l e v e l  was l o c a t e d .  

A d d i t i o n a l l y ,  a  CW microwave t e s t  was c o n d u c t e d  i n  t h e  c o n d u c t o r - f r e e  
a r e a  o f  t h e  L-700 d r i f t .  T h i s  t e s t  was conduc ted  a l o n g  a  s t r a i g h t  l i n e  
and a l s o  around a  c o r n e r  employing t h e  4-foot p l a n e  r e f l e c t o r .  

G e o m e t r i e s  o f  t h e  t h i r d  d a y  t e s t s  a r e  g i v e n  i n  t h e  mine  maps o f  
F i g u r e s  17 and 18. 

3.2.2 UNITED NUCLEAR/HOMESTAKE PARTNERS SECTION 23 M I N E  

A l l  t e s t i n g ,  e x c e p t  f o r  t h e  MF CW m e a s u r e m e n t s  on t h e  phone l i n e ,  was 
conducted  i n  two a r e a s  o f  t h e  m i n e .  The primary t e s t  a r e a  was a l o n g  t h e  
Wagner 650 l e v e l  d r i f t s .  The secondary  t e s t  a r e a  was on t h e  650 t r a c k e d  
l e v e l  n e a r  t h e  p o r t a l  s h a f t .  The  MF CW t e s t s  w e r e  c o n d u c t e d  u s i n g  a 
c u r r e n t  p r o b e  on t h e  p h o n e  l i n e  a t  t h e  p r i m a r y  Wagner a r e a  t r a n s m i t  
l o c a t i o n  wi th  t h e  r e c e i v i n g  NM-25 f i e l d  s t r e n g t h  meter  b e i n g  removed a s  
f a r  a s  t h e  726 l e v e l  5 8  E a s t  t r a c k  a n d  t h e  7 8 0  d r i f t  t r a c k .  The 
s p e c i f i c  t e s t  l o c a t i o n s  a r e  d e p i c t e d  on t h e  m i n e  maps o f  F i g u r e s  19 
and 20. The CW t e s t  l o c a t i o n s  a r e  d e s i g n a t e d  by l e t t e r s  A t h r o u g h  I. 
The p r i m a r y  and s e c o n d a r y  t r a n s m i t t i n g  a n d  r e c e i v i n g  l o c a t i o n s  a r e  
d e s i g n a t e d  by T  and R r e s p e c t i v e l y .  

Data t a k e n  i n  t h e  p r imary  Wagner t e s t  a r e a  f o r  VHF CW tes ts  and MF CW 
t e s t s  coup led  t o  t h e  480 V A C  l i n e  a t  t e s t  l o c a t i o n s  0  t h r o u g h  8  a r e  
shown i n  F i g u r e s  21 and  2 2 .  The mic rowave  r a n g e  t e s t s  were conducted  
b e t w e e n  s i t e s  0  a n d  1 ;  t h e  m i c r o w a v e  d e p o l a r i z a t i o n  t e s t s  w e r e  
c o n d u c t e d  b e t w e e n  T  a n d  R ,  w i t h  t h e  r e f l e c t o r  p l a c e d  a t  R and  t h e  
measured s i g n a l  b e i n g  r e c e i v e d  a f t e r  r e f l e c t i o n  i n  t h e  s h o r t  d r i f t  t o  
t h e  mining l e v e l  r a i s e .  

F i r s t  Day T e s t s  11-28-80 

The f i r s t  day o f  t e s t i n g  c o n s i s t e d  of c o n d u c t i n g  a l l  swept-frequency 
t e s t s .  
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FIGURE 20 

UNITED NuCLEAR/HOMESTAKE PARTNERS SECTION 2 3  
MINE MAP SHOWING MF COUPLED PHONE L INE RX 
LOCATIONS ( MF COUPLED PROBE AT TX LOCATION 
I N  WAGNER DRIFT 

SCALE: I INCH = 2 0 0  FEET 



UNITED NUCLEAR/HOMESTAKE PARTNERS SECTION 23 
MINE MAP OF WAGNER AREA SHOWING PRINCIPAL 
SWEPT FREQUENCY TX 6 RX LOCATIONS, P U S  RX 

, LOCATIONS FOR CW VHF TESTS 6 MF COUPLED 
*"' POWER LINE TESTS 

SCALE: I INCH = 40 FEET 

! 
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Second Day T e s t q  _-1.?29-8_0_ -- 
T e s t i n g  t h e  second day c o n s i s t e d  o f  c o n d u c t i n g  a l l  CU t e s t s ,  w i t h  t h e  
e x c e p t i o n  o f  t h e  microwave t e s t s .  

Th i rd  Day T e s t s  11-30-80 

The t h i r d  day o f  t e s t i n g  c o n s i s t e d  o f  c o n d u c t i n g  t h e  microwave t e s t s .  

The swept-frequency t e s t s  were c o n d u c t e d  a l o n g  an approx imate  180-foot 
throw i n  t h e  p r e s e n c e  o f  a  480 V A C  l i n e  and a  w a t e r  l i n e  s t r a p p e d  t o  a  
l a t h e  f e n c e  which  was on t h e  r o o f  and  e x t e n d e d  down t h e  s i d e s  o f  
e a c h  r i b  c o m p r i s i n g  t h r e e  o v e r l a p p i n g  s e c t i o n s  i n  c r o s s  s e c t i o n  
r u n n i n g  a l o n g  t h e  d r i f t .  D e t a i l e d  p r o f i l e s  o f  t h e  s w e p t - f r e q u e n c y  
r a n g e  g e o m e t r y ,  d r i f t  c r o s s  s e c t i o n a l  g e o m e t r i e s  a n d  c o n d u c t o r  
t o p o l o g i e s  a r e  i l l u s t r a t e d  i n  F i g u r e  23. 

3.2.3 KERR-MCGEE CHEMICAL CORP. HOBBS POTASH FACILITY MINE 

F i r s t  Day T e s t s  12-9-80 

The f i r s t  day o f  t e s t i n g  c o n s i s t e d  s o l e l y  o f  s w e p t  f r e q u e n c y  
measurements.  The t r a n s m i t t i n g  s i g n a l  s o u r c e s  were l o c a t e d  i n  Area 140 
a t  b r e a k t h r o u g h  3  o f  Room 2 4 5  ( s e e  F i g u r e  2 4 ) .  B r e a k t h r o u g h  3  h a s  
b e e n  e x t e n d e d  8 0 0 '  a n d  w i l l  b e  a n  a c t i v e  m i n i n g  s e c t i o n  when t h e  
mining o p e r a t i o n  r e t r e a t s  b a c k  t o  t h a t  p o i n t  i n  s e v e r a l  y e a r s .  The 
"back" was approx imate ly  s e v e n  f e e t  a t  t h e  b r e a k t h r o u g h  i n t e r s e c t i o n .  
b u t  reduced t o  a b o u t  65" a f t e r  t h e  s e c o n d  b r e a k t h r o u g h .  Room 245 was 
obse rved  t o  be f r e e  o f  c o n d u c t o r s  e x c e p t  f o r  a  low v o l t a g e  (110 VAC) 
power c a b l e  and a  p a i r  o f  c o n v e y o r  b e l t  p i n c h  w i r e s  which r a n  a l o n g  
t h e  Nor thern  w a l l  and c e n t e r  o f  b r e a k t h r o u g h  13. The p i n c h  w i r e s  were 
a p p r o x i m a t e l y  20AWG b a r e  s t e e l  w i r e s  s e p e r a t e d  by a b o u t  f o u r  i n c h e s  
and mounted on i n s u l a t e d  s t a n d o f f s  f r o m  t h e  room " b a c k n .  The p inch  
w i r e s  were obse rved  t o  h a v e  open-ended t e r m i n a t i o n s  and ended b e f o r e  
t h e  f o u r t h  b r e a k t h r o u g h  o f  t h e  r o o m .  T h e  s m a l l  power c a b l e  was 
o b s e r v e d  t o  l e a v e  t h e  room a t  t h e  s e c o n d  b r e a k t h r o u g h  ( b e t w e e n  t h e  
f i r s t  and second measurement  s i t e s )  and  i t s  t e r m i n a t i o n  is unknown t o  
t h e  a u t h o r .  The f i r s t  t e s t  s i t e  was  s e l e c t e d  mid-room and abou t  150' 
f e e t  from t h e  t r a n s m i t t i n g  s i t e .  

The swept-frequency t e s t s  w e r e  a l l  a n t e n n a - e x c i t e d  e x c e p t  f o r  one MF 
t e s t  where t h e  S toddard  c u r r e n t  p robe  was p laced  around t h e  low v o l t a g e  
power c a b l e  a t  t h e  t r a n s m i t  s i t e  i n  b reak th rough  6 3 .  

Second Day T e s t s  12-10-80 

The s e c o n d  day  o f  t e s t i n g  began  w i t h  a  m e a s u r e m e n t  o f  c o n t i n u o u s  
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AREA 140 



wave s i g n a l  p r o p a g a t i o n  a t  medium f r e q u e n c i e s  i n  t h e  same l o c a t i o n  o f  
Area  140 a s  t h e  f i r s t  d a y  t e s t s  ( s e e  F i g u r e  2 5 ) .  S i g n a l s  w e r e  
t r a n s m i t t e d  a t  250KHZ. 650KHZ and  950KHZ and measured a s  a  f u n c t i o n  o f  
d i s t a n c e  and an tenna  o r i e n t a t i o n  t o  t h e  e n d  o f  b r e a k t h r o u g h  #3. Next ,  
a  t e s t  t o  e v a l u a t e  t h e  UHF w a v e g u i d e  p r o p a g a t i o n  mode was conducted  i n  
room 225 a l o n g  t h e  c o n v e y o r  b e l t  r o u t e  a s  shown i n  F i g u r e  2 6 ) .  The 
t r a n s m i t t e r  was s e t  up  n e a r  t h e  c e n t e r  o f  t h e  room w i t h  t h e  a n t e n n a  
o r i e n t e d  t o  e x c i t e  t h e  h o r i z o n t a l l y  p o l a r i z e d  p r o p a g a t i o n  mode. F i e l d  
s t r e n g t h  measurements ( w i t h  a  h o r i z o n t a l l y  p o l a r i z e d  r e c e i v i g  a n t e n n a )  
w e r e  t h e n  c o n d u c t e d  a t  t w o  f r e q e n c i e s  (650MHZ a n d  900MHZ) a s  a  
f u n c t i o n  of d i s t a n c e  from t h e  t r a n s m i t t e r  s i t e  a l o n g  room 225. 

L a t e r  i n  t h e  d a y ,  d u e  t o  t h e  g e n e r o u s  c o o p e r a t i o n  o f  t h e  mine  i n  
p r o v i d i n g  a  " s c o o t e r n  t o  t h e  m e a s u r e m e n t  team, a  t e s t  t o  d e t e r m i n e  t h e  
e x t e n t  of c a r r i e r  coup led  s i g n a l s  a l o n g  t h e  m i n e ' s  pr imary  c o n d u c t o r s  
was c o n d u c t e d .  The t e s t  c o n s i s t e d  o f  l o c a t i n g  a  t r a n s m i t t i n g  l o o p  
a n t e n n a  a t  b r e a k t h r o u g h  t 3  o f  room 225  ( t h e  c o n v e y o r  b e l t  room) i n  
c l o s e  p rox imi ty  t o  c o n d u c t o r s  l o c a t e d  a l o n g  t h e  West w a l l  o f  t h e  room, 
and conduc t ing  f i e l d  s t r e n g t h  m e a s u r e m e n t s  o f  t h e  t r a n s m i t t e d  s i g n a l  
a l o n g  t h e  c o n d u c t o r  r o u t e s  i n  b o t h  d i r e c t i o n s  f rom b r e a k t h r o u g h  #3.  
The t r a n s m i t t e r  was e x c i t e d  w i t h  a  650KHZ s i g n a l ,  which had been found 
t o  be i n  t h e  o p t i m a l  c o u p l i n g  f r e q u e n c y  r a n g e  i n  t h e  p r e v i o u s  t e s t s .  
The  t e s t  s i t e s  a r e  s h o w n  i n  F i g u r e  2 7 .  T e s t  m e a s u r e m e n t s  w e r e  
c o n d u c t e d  w i t h  t h e  r e c e i v i n g  a n t e n n a  i n  c l o s e  p r o x i m i t y  t o  any 
c o n d u c t o r s  w i t h i n  r e a c h  ( a p p r o x i m a t e l y  0 . 6  m e t e r s ) .  Conductors  were 
i n  c l o s e  p r o x i m i t y  i n  a l l  m e a s u r e m e n t s  e x c e p t  a t  p o i n t s  14 ,  15. 16. 
1 8 ,  19 and 20. 

T h i r d  Day T e s t s  12-1 1-80 

A 10 GHZ t r a n s m i t t e r  was p l a c e d  i n  room 126 West n e a r  b r e a k t h r o u g h  112 
( s e e  F i g u r e  2 7 ) .  L ine  o f  s i g h t  f i e l d  s t r e n g t h  measurements  were made 
a s  a  f u n c t i o n  o f  d i s t a n c e  a l o n g  t h e  room ( i n  a  W e s t e r n l y  d i r e c t i o n ) .  
The measurement  a r e a  c o n s i s t e d  o f  a  low ( 5 8 " )  b a c k  w i t h  smooth room 
s u r f a c e s  and  a  West  t o  E a s t  g r a d e  o f  3 % .  A d e p o l a r i z a t i o n  t e s t  was 
a l s o  conducted  t o  m e a s u r e  t h e  a b i l i t y  o f  a  r e f l e c t o r  t o  a c h i e v e  i t s  
t h e o r e t i c a l  c r o s s - s e c t i o n a l  g a i n  i n  t h e  beam c o l l i m a t i o n  r e g i o n  when 
a c t i n g  a s  a  4 5  d e g r e e  r e f l e c t o r .  T h e  t e s t s  w e r e  c o n c l u d e d  a t  
b r e a k t h r o u g h  6 1 4 ,  b e c a u s e  no  d e t e c t a b l e  s i g n a l  w a s  l o c a t e d  a t  
b r e a k t h r o u g h  t 1 5 .  The g r a d e  o f  t h e  f l o o r  a p p a r a n t l y  r e s u l t e d  i n  
e n o u g h  o f f s e t  i n  t h e  beam p r o j e c t i o n  s o  t h a t  a  l i n e  o f  s i g h t  
t r a n s m i s s i o n  pa th  d i d  n o t  e x i s t .  

3.2.4 AMAX LEAD CO. OF MISSOURI B U I C K  M I N E  

The mine t e s t i n g  was a l l  p e r f o r m e d  i n  t h e  l o w e r  l e v e l  t r a c k e d  h a u l a g e  
d r i f t  i n  t h e  North mine. A summary o f  t h e  t e s t i n g  f o l l o w s :  



AREA 140 

FIGURE 25 

KERR-MCGEE HOBBS POTASH FAC I L I TY 
AREA 140 MINE MAP SHOWING MEDIUM 
FREQUENCY CONTINUOUS WAVE FIELD 
STRENGTH MEASUREMNT LOCATIONS 
(250KHZ, 650KHZ AND 9 5 0  KHz) 

SCALE 



FI GURE 26 

KERR-FKGEE HOBBS POTASH FAC I L I TY AREA 1 4 0  
ROOM 225 MINE tdAP SHOWING UHF COHTINUOUS WAVE 
F l ELD STRENGTH LlEASUREtlENT LOCAT l ONS (6OOlnHZ 
AYD 9 0 0 W Z )  





F i r s t  Day f e s t s  2-3-81 

Swept f r equency  t e s t s  o v e r  t h e  MF.HF,VHF and  UHF bands were performed 
w i t h  t h e  t r a n s m i t t e r  l o c a t e d  a t  t h e  N o r t h  m i n e  Nor theas t /Nor thwes t  Y. 
A l l  of t h e  t e s t s  were per formed w i t h  t h e  r e c e i v i n g  l o c a t i o n  a t  t h e  064 
o r e  p a s s ,  390 f e e t  away f r o m  t h e  t r a n s m i t t e r .  MF and  HF t e s t s  were 
r e p e a t e d  a t  t h e  0 4 9  o r e  p a s s  1 2 9 0  f e e t  away f r o m  t h e  t r a n s m i t t e r .  
These t e s t  l o c a t i o n s  a r e  i l l u s t r a t e d  on t h e  m i n e  maps o f  F i g u r e s  28 
and 29. 

Second  Day T e s t s  2-4-81 

Demonst ra t ion  Cbl t e s t s  were p e r f o r m e d  u s i n g  t h e  C o l l i n s  USBM p r o t o t y p e  
MF r a d i o s  wi th  t h e  r e c e i v e d  f i e l d  s t r e n g t h  m e a s u r e d  a t  each  l o c a t i o n  
u s i n g  t h e  S i n g e r  NM-25 f i e l d  s t r e n g t h  m e t e r .  The  b a s e  s t a t i o n  was 
l o c a t e d  i n  t h e  fo reman ' s  s h a c k  n e a r  t h e  m i n e  c e n t e r .  The b a s e  s t a t i o n  
t r a n s m i t t e r  was l o o p  c o u p l e d  s u c c e s s i v e l y  i n t o  t h e  p a g e r  phone l i n e  
and i n t o  t h e  d e d i c a t e d  wire w h i c h  h a d  p r e v i o u s l y  b e e n  i n s t a l l e d  f o r  
a d a p t e d  c a r r i e r  phone tests .  V o i c e  c o m m u n i c a t i o n  and measurab le  f i e l d  
s t r e n g t h s  were d e t e r m i n e d  a t  a  s e q u e n c e  o f  l o c a t i o n s  c o r r e s p o n d i n g  t o  
t h e  o r e  p a s s e s  and t h e  Y o u t  a s  f a r  a s  s t a t i o n  141. The t e s t  l o c a t i o n s  
a r e  d e p i c t e d  on t h e  mine maps o f  F i g u r e s  28 and 29. 

T h i r d  Day T e s t s  2-5-81 

Swept f r equency  t e s t s  w e r e  p e r f o r m e d  o v e r  t h e  MF band o n l y  u s i n g  t h e  
low f requency  7L5 spec t rum a n a l y z e r .  The t r a n s m i t t e r  was set up i n  t h e  
f o r e m a n ' s  s h a c k  n e a r  t h e  m i n e  c e n t e r  and  was l o o p - c o u p l e d  i n t o  t h e  
d e d i c a t e d  w i r e .  Receive  s i g n a l  o s c i l l o g r a p h s  were t a k e n  a t  t h e  same o r e  
p a s s  s t a t i o n s  used f o r  t h e  p r e v i o u s  days  t e s t i n g .  

The f i r s t  d a y s '  MF/HF t e s t i n g  was f o u n d  t o  b e  u n r e p r e s e n t a t i v e  o f  t h e  
t h e  g e n e r a l  mine  c h a r a c t e r i s t i c s  d e t e r m i n e d  i n  l a t e r  t e s t s  d u e  t o  
anomol ies  i n  t h e  p h o n e l i n e / d e d i c a t e d  w i r e  and  i n  t h e  AC power c a b l e s ,  
t a k e n  a s  m o n o f i l a r  c o n d u c t o r s ,  i n  t h e  r e g i o n  o f  t h e  Y. The r a p i d  s i g n a l  
a t t e n u a t i o n  w i t h  i n c r e a s i n g  f r e q u e n c y  i n  t h e  MF b a n d  was f i r s t  
c o r r e c t l y  observed d u r i n g  t h i s  t e s t i n g ,  which i n i t i a l l y  i n d i c a t e d  t h a t  
t h e  lower MF f r e q u e n c i e s  w e r e  opt imum.  The s w e p t  f r e q u e n c y  d a t a  was 
t o o  d i l u t e  t o  p e r m i t  i m p e d a n c e  c h a r a c t e r i z a t i o n  o f  t h e  m o n o f i l a r  l i n e  
s t r u c t u r e  nea r  t h e  Y .  

D u r i n g  t h e  T h u r s d a y  s w e p t  f r e q u e n c y  t e s t s ,  a  s p e c t r u m  a n a l y z e r  
ma l func t ion  made t h e  o s c i l l o g r a p h s  u n u s a b l e  f o r  r e p r o d u c t i o n  i n  t h i s  
r e p o r t ;  c o n s e q u e n t l y ,  t h e y  a r e  n o t  shown. The d a t a  redu.ced from t h e s e  
o s c i l l o g r a p h s  is  g iven  i n  t o t a l .  

I n  t h e  v i c i n i t y  o f  t h e  Y ,  t h e  p r i n c i p a l  r e t u r n  p a t h  f o r  t h e  phone l i n e  
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and d e d i c a t e d  w i r e  ( o s t e n s i b l y  a c t i n g  a s  a  common c o n d u c t o r )  was t h e  
power c a b l e  b u n d l e  some f o u r  f e e t  away. The f i e l d  f a l l - o f f  l aw was 
d e t e r m i n e d  i n  t h i s  r e g i o n  ( i l l u s t r a t e d  i n  F i g u r e  6 )  w i t h  t h e  r a n g e  
exponent  de te rmined  t o  be  1.26. 

3.2.5 MAGMA COPPER COMPANY SAN MANUEL M I N E  

A l l  t e s t i n g  was c o n d u c t e d  on t h e  2375  l e v e l ,  w h i c h  i s  i l l u s t r a t e d  i n  
F i g u r e  30 w i t h  a l l  t h e  t e s t  l o c a t i o n s  on t h e  Measurement T r a v e r s e .  The 
d r i f t  c r o s s  s e c t i o n  i n  t h e  l o n g  h a u l a g e  r u n s  i s  a  c o m b i n a t i o n  o f  
t i m b e r  l a d d e r  d r i f t  a n d  c o n c r e t e  d r i f t  c o n s t r u c t i o n  ( b o t h  shown i n  
F i g u r e  31) .  

F i r s t  Day T e s t s  3-31-81 

Swept-frequency t e s t s  o v e r  t h e  MF.HF,VHF and  UHF bands were performed 
on  t h e  c a r - c l e a n e r  t r a c k .  T h i s  d r i f t  c o n t a i n e d  e s s e n t i a l l y  no 
c o n d u c t o r s  o t h e r  t h a n  t h e  t r a c k .  The t r a n s m i t  l o c a t i o n  was s e t  up i n  a  
t i m b e r e d  s e c t i o n  o f  t h e  d r i f t .  The r e c e i v e  l o c a t i o n  was s e t  up 243 
f e e t  away i n  a  c o n c r e t e  d r i f t  s e c t i o n .  HF a n d  HF d a t a  was t a k e n  f o r  
a l l  t h r e e  p r i n c i p a l  p o l a r i z a t i o n s  o f  t h e  l o o p  a n t e n n a s .  The h o r i z o n t a l  
magne t i c  d i p o l e  ( H M D )  o r i e n t a t i o n s  were s e t  up i n  t h e  d r i f t  c e n t e r  w i t h  
t h e  an tenna  1.1 m e t e r s  above t h e  t r a c k .  The t r a n s m i t  v e r t i c a l  magne t i c  
d i p o l e  (VMD) o r i e n t a t i o n  l o o p  p l a n e  was p o s i t i o n e d  1  f o o t  (0 .3  m e t e r s )  
a b o v e  t h e  r a i l s .  T h i s  g e o m e t r y  i s  i l l u s t r a t e d  i n  F i g u r e  32  . The 
r e c e i v e d  V M D  was a l t e r n a t e l y  p o s i t i o n e d  1  f o o t ,  4  f e e t  a n d  8  f e e t  
above  t h e  r a i l s .  

The normal deployment o f  t h e  VHF and  UHF a n t e n n a s  i n  bo th  v e r t i c a l  and 
h o r i z o n t a l  p o l a r i z a t i o n s  was made i n  t h e  d r i f t  c e n t e r .  No s i g n a l  was 
r e c e i v e d  a t  VHF i n  t h e  f i r s t  l o c a t i o n ,  s o  t h e  r e c e i v i n g  l o c a t i o n  was 
r e p o s i t i o n e d  i n  a  t imbered  d r i f t  s e c t i o n  111 f e e t  from t h e  t r a n s m i t t e r .  

A p r o t o t y p e  MF r a d i o  was  i n s t a l l e d  on a  t r o l l e y - o p e r a t e d  l o c o m o t i v e  
f o r  long-term q u a l i t a t i v e  t e s t i n g  by mine  p e r s o n n e l  i n  comparison wi th  
e x i s t i n g  c a r r i e r  p h o n e  e q u i p m e n t .  T h i s  r a d i o  employed  a  145 KHz 
passband f i l t e r  t o  minimize r e c e i v e r  d e s e n s i t i z a t i o n .  

Second Day T e s t s  4-1-81 

A p r o t o t y p e  b a s e  s t a t i o n  MF r a d i o  was s e t  up i n  t h e  locomot ive  machine 
shop r a d i o  shack a n d  a n o t h e r  p r o t o t y p e  r a d i o  w i t h  a  1  uV s e n s i t i v i t y  
a n d  a  1 4 5  KHz p a s s b a n d  f i l t e r  w a s  s e t  u p  o n  a  b a t t e r y  powered  
locomot ive  wi th  a  p r o t o t y p e  v e h i c u l a r  a n t e n n a .  The spect rum a n a l y z e r  
was s e t  up i n  a  man c a r  b e h i n d  t h e  l o c o m o t i v e  t o  p e r m i t  q u a n t i t a t i v e  
s i g n a l  and n o i s e  m e a s u r e m e n t s  on t h e  b a s e - v e h i c l e  l i n k a g e .  A r e t u n e d  
C o l l i n s  p o r t a b l e  a n t e n n a  was u s e d  w i t h  t h e  s p e c t r u m  a n a l y z e r .  T a l k i n g  
t e s t s  were  c o n d u c t e d  a r o u n d  t h e  l o o p  t r a v e r s e  v i a  p a n e l  1 7 ,  a s  
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FIGURE /31 

DRIFT CROSS-SECTIONAL GEOMETRIES ENCOUNTERED DURING SWEPT-FREQUENCY 
MASUREMENTS I N  M E  MAGMA COP ER CO. SAN MANUEL MINE CAR-CLEANER DRIFT b 

. . 
Standard 
Grade Line e 
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TRANSMIT LOCATION CROSS-SECT1 N FOR ALL FREQUENCY RANGES AND 

RECEIVE LOCATION CROSS-s e c T l o N  FOR vHF MEASUREMENTS 

I4' Ballast b l o w  tie 

RECE l VE LOCAT l ON CROSS-SECT1 CN F O ~  ALL FREQUENCY RANGES EXCEPT VHF 



FIGURE 32 

TRACK COUPLING GEOMETRY FOR SWEPT-FREQUENCY 
MEASUREMENTS I N  MAGMA COPPER CO. SAN MANUEL 
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i l l u s t r a t e d  on t h e  m i n e  map o f  F i g u r e  30 .  Q u a n t i t a t i v e  t e s t s  w e r e  
performed a t  t h e  t e s t  l o c a t i o n s  l i s t e d  i n  T a b l e 5 .  

T h i r d  Day T e s t s  4-2-81 

The C o l l i n s  0 . 2  u V - f r o n t - e n d  p r o t o t y p e  b a s e  t r a n s c e i v e r  and  t h e  
v e h i c u l a r  r a d i o  w e r e  s e t  t o  520 KHz, s i m i l a r  t o  t h e  p r e c e d i n g  d a y ,  
e x c e p t  t h a t  a  v e h i c u l a r  r a d i o  w i t h  a  9 0  u V  s e n s i t i v i t y  was u s e d  
w i t h o u t  a  p a s s b a n d  f i l t e r .  The v e h i c u l a r  a n t e n n a  t u n i n g  was changed 
w i t h  an i n t e r c h a n g a b l e  520 KHz h e a d  r e p l a c i n g  t h e  145 KHz head used on 
Wednesday. T h i s  t i m e ,  t h e  s p e c t r u m  a n a l y z e r  was s e t  up i n  t h e  r a d i o  
shack  t o  pe rmi t  q u a n t i t a t i v e  t e s t i n g  on t h e  v e h i c l e - b a s e  l i n k a g e .  The 
s p e c t r u m  a n a l y z e r  was c o u p l e d  w i t h  a  c u r r e n t  p r o b e  t o  o n e  o f  t h e  
c o a x i a l  l e a d s  f e e d i n g  t h e  C o l l i n s  b a s e  s t a t i o n  t r a n s c e i v e r .  The f i x e d  
l o c a t i o n  of t h e  spec t rum a n a l y z e r  p e r m i t t e d  a  more d e t a i l e d  a s sessmen t  
o f  s i g n a l  l e v e l s  t h a n  d i d  i t s  u s a g e  on t h e  man c a r  t h e  p r e v i o u s  day .  
Voice t e s t s  w e r e  a g a i n  p e r f o r m e d  a r o u n d  t h e  p a n e l  17 l o o p  t r a v e r s e ,  
and q u a n t i t a t i v e  t e s t s  w e r e  p e r f o r m e d  a t  t h e  t e s t  l o c a t i o n s  g i v e n  i n  
T a b l e  5. 

3.2.6 HECLA M I N I N G  CO.  CON-SIL M I N E  

The i n  mine t e s t i n g  was p e r f o r m e d  on t h e  3 0 0 0 - l e v e l  e x c e p t  f o r  r a d i o  
n v o i c e n  t e s t s  i n  t h e  c a g e  a n d  n e a r  t h e  2500 and  4 0 0 0 - l e v e l  s h a f t  
s t a t i o n s .  Due t o  s u b s t a n t i a l  c o o p e r a t i o n  from t h e  mine,  5-6 h o u r s  were 
a v a i l a b l e  Oon s t a t i o n n  e a c h  day  f o r  t e s t s ,  and  a l l  o f  t h e  t e s t s  were 
comple ted  i n  2  d a y s  r a t h e r  t h a n  t h e  a l l o t e d  3  d a y s .  A c h r o n o l o g i c a l  
summary of t h e  t e s t i n g  f o l l o w s .  

F i r s t  Day T e s t s  6-2-81 

Swept-frequency t e s t s  on t h e '  MF, HF, UHF and  VHF bands were conducted  
i n  t h e  3 0 0 0 - l e v e l  N o r t h  C r o s s c u t  w i t h  t h e  t r a n s m i t  s e t  up n e a r  t h e  
s h a f t  s t a t i o n  i n  t h e  p i p e  shop t o w a r d  t h e  South  s i d e  o f  t h e  mine .  A l l  
d a t a  was t aken  on a  429 f o o t  p a t h  w i t h  t h e  r e c e i v i n g  l o c a t i o n s  j u s t  i n  
f r o n t  of t h e  f i r s t  a c t i v e  s e t  o f  a i r  d o o r s .  The VHF and UHF d a t a  was 
r e p e a t e d  a t  a  c l o s e r  r a n g e  o f  195  f e e t  w i t h  t h e  r e c e i v i n g  l o c a t i o n  a t  
t h e  f i r s t  c u t  t o  t h e  l e f t  i n  t h e  o u t b y  d i r e c t i o n .  The a n t e n n a  
o r i e n t a t i o n s  a n d  l o c a t i o n s  e m p l o y e d  i n  t h e  d r i f t  c r o s s  s e c t i o n  
g e o m e t r y  a r e  g i v e n  i n  F i g u r e s  33 a n d  34 .  The s w e p t - f r e q u e n c y  t e s t  
l o c a t i o n s  a r e  shown i n  F i g u r e  35. 

Second Day T e s t s  6-3-81 

A l l  r a n g e  t e s t s  a t  MF f r e q u e n c i e s  and  t h e  X-band t e s t  were conducted  
o n  t h e  s e c o n d  d a y .  T h e  l o c a t i o n s  f o r  t h e  MF r a n g e  t e s t s  a r e  
i l l u s t r a t e d  i n  t h e  m i n e  map o f  F i g u r e  36.  S p e c i f i c  r a n g e s  from t h e  
f i x e d  t r a n s m i t t i n g  l o c a t i o n  t o  t h e s e  t e s t  l o c a t i o n s  a r e  g iven  i n  Tab le  



TABLE 5 
DISTANCES TO LOCATIONS ALONG THE PEASUREMENT TRAVE.RSE 

ON THE 2375  HAULAGE LEVEL 

LOOP DISTANCES STARTING LOOP DISTANCES STARTING 
LOCAT I ON ON SOUTH HALILACX ( FEET) ON NORTH HAULACE( FEET) 
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FIGURE 36 
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6 .  MF r a n g e  t e s t s  w e r e  p e r f o r m e d  u s i n g  t h e  1 W a t t  t r a n s m i t  t e s t  
e q u i p m e n t  a n d  t h e  p r o t o t y p e  C o l l i n s  m i n e  w i r e l e s s  FM p o r t a b l e  
t r a n s c e i v e r s .  

The mic rowave  t e s t  d a t a  was  v e r y  i n c o n c l u s i v e  i n  t h i s  m i n e  and  was 
o b t a i n e d  wi th  t h e  t r a n s m i t t e r  l o c a t e d  a t  d r i f t  c e n t e r  a d j a c e n t  t o  t h e  
p i p e  s h o p  w i t h  t h e  r e c e i v e r  m o v i n g  a l o n g  t h e  d r i f t  i n  t h e  S o u t h  
d i r e c t i o n .  A r a n g e  o f  o n l y  5 0  f e e t  was  a c h i e v e d  w i t h  s i g n a l  l e v e l s  
b e i n g  i n s u f f i c i e n t  f o r  t h e  c o r n e r  r e f l e c t o r  t e s t s .  

3 . 3  SYSTEM PERFORMANCE CONSIDERATIONS 

W i r e l e s s  t r a n s m i s s i o n  i n  a  n c l o s e d n  c o n d u c t i n g  d r i f t  i s  p o s s i b l e  i f  
o n e  o f  t h e  d r i f t  d i m e n s i o n s  e x c e e d s  a  h a l f  w a v e l e n g t h  ( w a v e g u i d e  
mode) o r  i f  t h e  r a d i o  s y s t e m  a n t e n n a s  c o u p l e  i n  c l o s e  p r o x i m i t y  t o  
one  o r  more c o n d u c t o r s  ( m o n o f i l a r  mode f o r  a  s i n g l e  a c t i v e  c o n d u c t o r  
o r  c o m m o n - m o d e - e x c i t e d  c o n d u c t o r  e n s e m b l e ,  b i f i l a r  mode f o r  
d i f f e r e n t i a l  e x c i t a t i o n  o f  " p a i r s n  o f  c o n d u c t o r s  i n  t h e  d i f f e r e n t i a l  
mode). Above t h e  g u i d e  c u t - o f f  f r e q u e n c y  t r a n s m i s s i o n  approaches  t h e  
f r e e - s p a c e  p r o p a g a t i o n  c o n s t r a i n e d  by t h e  g u i d e  geometry and topo logy  
a s  t h e  r e f r a c t i v e  and  s c a t t e r i n g  l o s s e s  d i m i n i s h  a n d  a s  t h e  g u i d e  
wavelength  d e c r e a s e s .  A t  l ow VLF a n d  MF f r e q u e n c i e s .  t h e  t r a n s m i s s i o n  
i s  c h a r a c t e r i z e d  by  q u a s i - s t a t i c  c o u p l i n g  o f  t h e  l o o p  a n t e n n a s  
( p r e s u m e d  s m a l l )  t o  c o n d u c t o r s  a n d / o r  c o n d u c t i n g  s u r f a c e s  i n  t h e  
geometry of t h e  d r i f t  c r o s s e c t i o n .  T h e s e  low-frequency f i e l d s  conform 
t o  t h e  Lap lace  e q u a t i o n  s o l u t i o n  f o r  t h i s  geometry  and a r e  e x c i t e d  by 
c u r r e n t s  p resumed  f l o w i n g  i n  t h e  a n t e n n a s  o r  i n  t h e  c o n d u c t o r s  by 
Ampere's law. The a c t u a l  c u r r e n t  c o u p l i n g  r a t i o  b e t w e e n  t h e  a n t e n n a  
a n d  t h e s e  c o n d u c t o r s  i s  a  f u n c t i o n  o n l y  o f  t h e s e  g e o m e t r i c  
n o n - f r e q u e n c y - v a r y i n g  f i e l d s  a n d  t h e  i m p e d a n c e  o f  t h e  a n t e n n a  o r  
c o n d u c t o r s  i n  w h i c h  t h e  n s e c o n d a r y n  c u r r e n t  i s  b e i n g  i n d u c e d  ( w i t h  
per formance  ana logous  t o  a  t r a n s f o r m e r ) .  

Once c o u p l e d ,  t h e  s i g n a l  t r a n s m i s s i o n  a l o n g  t h e  c o n d u c t o r s  a t  t h e s e  low 
f r e q u e n c i e s  i s  g o v e r n e d  by t h e  p h y s i c a l  p a r a m e t e r s  o f  t h e  t r a n s v e r s e  
e l e c t r o m o t i v e  mode (TEM) l i n e ,  m o n o f i l a r  o r  b i f i l a r ,  formed by t h e s e  
c o n d u c t o r s .  T h e  t r a n s m i s s i o n  s y s t e m  i s  a n a l o g o u s  t o  a n y  TEM 
t r a n s m i s s i o n  l i n e  w i t h  r e g a r d  t o  t h e  p r o p a g a t i o n  c o n s t a n t  ( a t t e n u a t i o n  
and phase)  and t h e  s u p e r p o s i t i o n  o f  t r a v e l i n g  TEM waves. 

The t r a n s m i s s i o n  l o s s  b e t w e e n  w i r e l e s s  t r a n s m i t t i n g  a n d  r e c e i v i n g  
a n t e n n a s  is  l e a s t  a t  MF f r e q u e n c i e s  and t h e  upper UHF f r e q u e n c i e s  w i t h  
t h e  minimum l o s s  s i g n a l  l e v e l s  b e i n g  n e a r l y  t h e  same f o r  p r a c t i c a l  
p o r t a b l e  sys tems.  A t  i n t e r m e d i a t e  HF, VHF and low-UHF f r e q u e n c i e s ,  t h e  
t r a n s m i s s i o n  l o s s  i s  g r e a t e r  because :  

- t h e  low-frequency a t t e n u a t i o n  l o s s  o f  t h e  TEM l i n e s  



TABLE 6 

DISTANCES TO CW LOCATI CNS ON 3000-LEVEL OF CON-SI L MINE 

100 FEET A 195 FEET 

259 8 429 

450 C 564 

630 D 1104 

783 E 1150 

963 F 1050 

1134 

1530 

2358 

1000 FT. GOWN ON 4000-LEVEL 

500 FT. UP ON 2500-LEVEL 



i n c r e a s e s  approx imate ly  l i n e a r l y  w i t h  f r equency  w i t h  
t h i s  l o s s  becoming very  g r e a t  a t  f r e q u e n c i e s  below t h e  
waveguide cu t -o f f  f r equency  

- t h e  h igh-f requency waveguide a t t e n u a t i o n  l o s s  due t o  
r e f r a c t i o n  and s c a t t e r i n g  i s  very  g r e a t  a t  f r e q u e n c i e s  
w e l l  above t h e  upper  u s a b l e  TEM f r e q u e n c y ,  t h i s  l o s s  
d e c r e a s e s  r a p i d l y  w i t h  i n c r e a s i n g  f r equency  

- t h e  low-frequency c o u p l i n g  i s  reduced  wi th  i n c r e a s i n g  
f r equency  i n t o  t h e  HF band because  o f  phase  c a n c e l l a t i o n  
i n  t h e  e x c i t a t i o n  r e g i o n  

- t h e  median d r i v i n g  p o i n t  impedance l e v e l s  o f  t h e  TEM l i n e s  
g e n e r a l l y  i n c r e a s e s  w i t h  f r equency  beyond t h e  MF band 
which reduced t h e  low-frequency c o u p l i n g  

T h e s e  i n t e r m e d i a t e  f r e q u e n c i e s  a r e  o f  n o  p r a c t i c a l  u t i l i t y  i n  
metal /non-metal  mines. The UHF f r e q u e n c i e s  a r e  o f  m a r g i n a l  u t i l i t y  i n  
many non- rock  m i n e s  h a v i n g  s m a l l  d r i f t  c r o s s - s e c t i o n s  b e c a u s e  o f  
l i n e - o f - s i g h t  l i m i t a t i o n s ,  w i t h  s u b s t a n t i a l  a t t e n u a t i o n  e n c u r r e d  a t  
c o r n e r s ,  u n l e s s  s i g n a l s  a r e  c o u p l e d  v i a  s p e c i a l  l e a k y - f e e d e r  c a b l e s .  
Dur ing  t h e  program. UHF t r a n s m i s s i o n  c o n f o r m e d  t o  g e n t l e  bends i n  t h e  
d r i f t s ,  so  t h e  t r a n s m i s s i o n  i s  n o t  s t r i c t l y  l i m i t e d  t o  l i n e - o f - s i g h t  
a p p l i c a t i o n s .  Microwave f r e q u e n c y  u s a g e  i s  s t r i c t l y  l i n e - o f - s i g h t  
l i m i t e d ,  w i th  e s p e c i a l l y  l a r g e  s c a t t e r i n g  l o s s e s  c h a r a c t e r i z i n g  even 
g e n t l e  bends due t o  s t a t i s t i c a l  r o u g h n e s s  o f  t h e  r i b  and b a c k / f l o o r  
s u r f a c e s .  

The above macroscopic  e f f e c t s  w e r e  o b s e r v e d  i n  all mines v i s i t e d .  

P a r t i c u l a r l y  notewor thy  r e s u l t s  o f  t h e  t e s t i n g  i n c l u d e :  

- t h e  c l a s s i c  waveguide c u t - o f f  f r equency  i s  o f  no 
p r a c t i c a l  consequence  i n  w i r e l e s s  t r a n s m i s s i o n  a t  UHF 
f r e q u e n c i e s  w i t h  t h e  t r a n s m i s s i o n  o p t i m i z i n g  i n  t h e  
800 MHz r e g i o n  and above r e g a r d l e s s  o f  d r i f t  s i z e  

- t h e  upper  p r a c t i c a l  MF f requency  i s  a b o u t  1 MHz w i t h  
a  r a p i d  i n c r e a s e  i n  t r a n s m i s s i o n  l o s s e s  above t h i s  
f r equency  

- t h e  i n c i d e n t  r e c e i v e d  f i e l d  s t r e n g t h  ( o r  m o n o f i l a r  l i n e  
c u r r e n t )  due t o  e x c i t a t i o n  wi th  a  t r a n s m i t t i n g  an tenna  
f a l l s  o f f  a t  a  r a t e  o f  a t  l e a s t  4 0  d B / d e c a d e  f o r  
f r e q u e n c i e s  above approx imate ly  1 MHz 



- a  q u a s i - s t a t i c  c o u p l i n g  model f o r  MF f r e q u e n c i e s  h a s  
been v e r i f i e d  which a c c o u n t s  f o r  c o n d u c t o r s  c l o s e  t o  
a  c o n d u c t i n g  s u r f a c e ,  and f o r  t h e  s i z e  and s p a c i n g  o f  
t h e  c o n d u c t o r s  r e l a t i v e  t o  t h e  s u r f a c e  

The  r e m a i n d e r  o f  t h i s  s e c t i o n  w i l l  b e  d e v o t e d  t o  e x a m i n i n g  t h e  
mechanisms which a r e  t h e  m o s t  p r o b a b l e  c a n d i d a t e s  f o r  p roduc ing  t h e s e  
r e s u l t s .  A s  t h e  low f r e q u e n c y  (MF a n d  HF) c o u p l i n g  i n t o  w i r i n g  is  o f  
t h e  g r e a t e s t  p r a c t i c a l  i m p o r t a n c e ,  m o s t  o f  t h e  a n a l y t i c a l  e f f o r t  
i n v o l v e s  d e f i n i n g  t h e  c o u p l i n g  phenomena.  The above notewor thy  r e s u l t s  
a r e  a p p a r e n t  i n  t h e  summary MF/ UHF s p e c t r a l  m a g n e t i c  f i e l d  s t r e n g t h  
c u r v e s  ( e q u i v a l e n t  m a g n e t i c  f i e l d  s t r e n g t h  f o r  t h e  e l e c t r i c  d a t a )  f o r  
t h e  t e s t  sys tem shown i n  F i g u r e s  37 and 38. 

3.3.1 LOW-FREQUENCY COUPLING MODELS 

A t  VLF and  low-MF f r e q u e n c i e s ,  t h e  c o u p l i n g  f i e l d s  a r e  l a r g e l y  
q u a s i - s t a t i c  and  a r e  d e f i n a b l e  i n  g e o m e t r i c a l l y  v a r y i n g  t e r m s  o n l y .  
Tha t  is ,  g iven  a  c u r r e n t  f l o w i n g  i n  a n  e x c i t i n g  s o u r c e  l o o p  ( t r a n s m i t  
c a s e  w i t h  r e s p e c t  t o  a  r a d i o  s y s t e m )  o r  i n  a  c o n d u c t o r  e n s e m b l e  
( r e c e i v e  c a s e  w i t h  r e s p e c t  t o  a  r a d i o  s y s t e m ) ,  t h e  f o r m s  o f  t h e  
e l e c t r o m a g n e t i c  f i e l d s  a r e  i n d e p e n d e n t  o f  f r e q u e n c y .  The i n d u c e d  
c u r r e n t  i n  t h e  n r e c e i v i n g w  c o n d u c t o r  ensemble o r  l o o p  a n t e n n a  i n c r e a s e s  
l i n e a r l y  wi th  f r equency  f o r  c o n s t a n t  e x c i t i n g  c u r r e n t  and c o n s a n t  l o o p  
o r  l i n e  i m p e d a n c e .  T h e  f o r m  o f  t h e  f i e l d s  i s  c o n t r o l l e d  by t h e  
p o t e n t i a l  m o n o f i l a r  o r  b i f i l a r  l i n e  g e o m e t r i e s  i n  t h e  d r i f t  
c r o s s - s e c t i o n  a s  opposed t o  t h o s e  a s s o c i a t e d  w i t h  t h e  l o o p  an tenna  and 
i t s  r e l a t i v e  l o c a t i o n  i n  t h e  d r i f t .  T h i s  e f f e c t  i s  b e s t  v i s u a l i z e d  by 
c o n s i d e r i n g  t h e  l i n e  ( c o n d u c t o r  e n s e m b l e )  t o  b e  t r a n s m j t t i n g .  The 
g e o m e t r i c  dependance o f  t h e  c o u p l e d  c u r r e n t  f o r  t h e  t r a n s m i t t i n g  l o o p  
an tenna  can t h e n  be  shown t o  be  t h e  same by r e c i p r o c i t y .  

I n  f r e e  s p a c e .  t h e  m a g n e t i c  f i e l d  s t r e n g t h  e x t e n d i n g  r a d i a l l y  away 
from a  l i n e  s o u r c e  c a r r y i n g  c u r r e n t  is ,  by Ampere's law: 

L l i n e  
H = 

2 v r  
r is t h e  r a n g e  t o  t h e  an tenna  c e n t e r  

i n  meters 

w i t h  t h e  open c i r c u i t  v o l t a g e  i n  a  r e c e i v i n g  l o o p  b e i n g :  

" p l l i n e  ( N A )  

N, A a r e  t h e  number  of t u r n s  and I m p  
a rea  respect1 vel y. 
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For a  tuned  matched l o o p ,  t h e  c u r r e n t  t r a n s f e r  r a t i o  is  t h e n :  

- 
' l i n e  2 RTTF-FT 

R is t h e  s e r i e s  l o o p  c i r c u i t  
r e s i s t a n c e .  

For a  f l a t  matched l i n e  w i t h  a  s u r g e  i m p e d a n c e  2 w i t h  a  t r a n s m i t t i n g  
l o o p .  t h e  c u r r e n t  t r a n s f e r  r a t i o  by r e c i p r o c i t y  is? 

T h i s  s i m p l e  r a t h e r  i d e a l i z e d  q u a s i - s t a t i c  model i s  a l s o  a  p r a c t i c a l  one 
f o r  it is a l s o  a p p r o p r i a t e  f o r  a  d r i f t  o f  c i r c u l a r  c r o s s e c t i o n  w i t h  a  
conduc to r  e n s e m b l e  a t  t h e  d r i f t  c e n t e r  ( c o a x i a l  l i n e ) .  and a l s o  f o r  
an tenna  l o c a t i o n s  n e a r  t h e  c e n t e r  o f  a  wide-spaced b i f i l a r  l i n e  formed. 
by a  conduc to r  n e a r  t h e  b a c k  a n d  a  t r a c k  o r  ground conduc to r  n e a r  t h e  
f l o o r .  These models  a r e  i l l u s t r a t e d  i n  F i g u r e  39. Note f o r  t h i s  c a s e  
t h a t  t h e  r a d i a l  d i s t a n c e  w f a l l - o f f w  l a w  i s  l / r  a s  oppo ed t o  t h e  f r e e  J s p a c e  i n d u c t i o n  f i e l d  f a l l - o f f  away f r o m  a  l o o p  o f  l / r  . 
G e n e r a l l y ,  t h e  c o n d u c t o r  e n s e m b l e  i s  e c c e n t r i c a l l y  l o c a t e d  i n  t h e  
c r o s s - s e c t i o n  o f  a  n o n - c i r c u l a r  d r i f t ;  o f t e n  w i t h  t h e  c o n d u c t o r s  i n  
c l o s e  p r o x i m i t y  t o  o n e  o f  t h e  c o n d u c t i n g  w a l l s .  I n  t h i s  l i m i t ,  t h e  
magne t i c  f i e l d  s t r e n g t h  away f r o m  an  as sumed  t r a n s m i t t i n g  l i n e  s o u r c e  
i s  given by: 

where r . d . R  a r e  a s  d e f i n e d  i n  F i g u r e  40. 

C o r r e s p o n d i n g  e x p r e s s i o n s  f o r  c u r r e n t  c o u p l i n g  r a t i o s  a r e  r e a d i l y  
o b t a i n e d  by r e p l a c i n g  " r "  i n  t h e  p r e v i o u s  d e r i v a t i o n s  w i t h  t h e  
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FIGURE 40 
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geomet r i c  q u a n t i t y  i n  b r a c k e t s .  Note t h a t  t h e  f i e l d  s t r e n g t h  d i m i n i s h e s  
f o r  both  l a r g e  and s m a l l  c o n d u c t o r s  a t  t h e  same c e n t e r  s p a c i n g  from t h e  
s u r f a c e ;  a  phenomenon a lways  o b s e r v e d  i n  d r i f t s  c o n t a i n i n g  w a t e r ,  s and  
and a i r  l i n e s .  T h i s  above  mode l  was v a l i d a t e d  i n  t h e  Magma Copper San 
Manuel  mine t e s t  d a t a  shown i n  F i g u r e  4 1 .  M o n o f i l a r  l i n e  ( t r a c k )  
c u r r e n t  i s  p l o t t e d  f o r  v a r i o u s  t e s t  r a n g e s  away f r o m  t h e  l i n e  a n d  
compared with computed r e s u l t s .  

3.3.2 INTERMEDIATE FREQUENCY COUPLING & ATTENUATION 

The q u a s i - s t a t i c  c o u p l i n g  o f  a  l o o p  a n t e n n a  t o  a  m o n o f i l a r  c o n d u c t o r  
c l e a r l y  o c c u r s  o v e r  a  r a n g e  o f  d i s t a n c e s  a l o n g  t h e  c o n d u c t o r ,  a s  the, 
r a n g e  d e p e n d e n c e  f o r  t h e  c o a x i a l  l i n e  bound i s  l / r  i n s t e a d  o f  l / r  
when t h e  loop i s  t r a n s m i t t i n g .  T h i s  o u p l i n g  may be  v i s u a l i z e d  a s  t h e  
i n t e g r a l  a l o n g  t h e  c o n d u c t o r  o f  l / r 9  r a n g e  d e p e n d e n c i e s  t o  d i s c r e t e  
c u r r e n t  e l emen t s .  The  g e o m e t r y  f o r  t h i s  i s  i l l u s t r a t e d  i n  F i g u r e  42. 
A s  t h e  f requency i n c r e a s e s  t h e  p h a s e  d i f f e r e n c e  between t h e  symmetric  
c o u p l i n g  nzonesn  a s  measured  a l o n g  t h e  m o n o f i l a r  l i n e  ( p h a s e  v e l o c i t y  
o f  a  t r a v e l i n g  wave a l o n g  t h e  l i n e )  i n c r e a s e s .  Assuming t h a t  each  zone 
i n d i v i d u a l l y  c o u p l e s  t o  t h e  l i n e  a t  a  d i s c r e t e  n c e n t r o i d n  l o c a t i o n ,  
t h e  two t r a v e l i n g  waves  h a v e  a  c o s i n e  r e l a t i o n s h i p .  A s  t h e  p h a s e  
d i f f e r e n c e  b e t w e e n  c e n t r o i d  l o c a t i o n s  a p p r o a c h 9 s  180  d e g r e e s ,  t h e  
c o u p l i n g  d e c r e a s e s  a p p r o x i m a t e l y  a s  l / f  ( l / f  f o r  a  p o i n t  f i e l d  
i m p i n g i n g  on a  r e c e i v e  a n t e n n a  d u e  t o  i n d u c t i v e l y  c o u p l e d  t r a n s m i t  
e x c i t a t i o n  v i a  t h e  l i n e ) .  A s  t h e  f r e q u e n c y  i s  f u r t h e r  i n c r e a s e d ,  
a d d i t i o n a l  h a l f w a v e  s e g m e n t s  o f  l i n e  f a l l  w i t h i n  t h e  c o u p l i n g  r a n g e  
nwindown w i t h i n  e a c h  z o n e .  A s  t h e s e  s e g m e n t s  o c c u p y  l e s s  t h a n  t h e  
t o t a l  l e n g t h  o f  t h e  zone ,  t h e  p e r i o d i c  c o u p l i n g  a m p l i t u d e  r e c o v e r y  f o r  
even numbers o f  s e g m e n t s  n e v e r  r e a c h e s  t h e  low f r e q u e n c y  l i m i t  w i t h  
t h e  z o n a l  c o u p l i n g  a p p r o a c h i n g  a  f i n i t e  bound s i m i l a r  t o  a  F r e s n e l  
zone d i f f r a c t i o n  e f f e c t .  A s  a  r e s u l t ,  t h e  a p p r o x i m a t e  l / f  c o u p l i n g  
f a l l - o f f  o c c u r s  o v e r  a  r e l a t i v e l y  w i d e  f r e q u e n c y  range .  T h i s  c o u p l i n g  
mechanism was v e r i f i e d  by d a t a  t a k e n  i n  t h e  A M A X  mine which i s  g iven  
i n  F i g u r e  43. T h i s  e f f e c t  b e g i n s  a t  a  l o w e r  f r e q u e n c y  f o r  g r e a t e r  
d i s t a n c e s  b e t w e e n  a n t e n n a s  and  t h e  c o n d u c t o r s ;  s o ,  f o r  m i n e s  w i t h  
l a r g e r  d r i f t  c r o s s - s e c t i o n s ,  t h e  f a l l - o f f  a p p e a r s  t o  be  more s e v e r e .  

T h e  c o u p l i n g  i s  a l s o  a  f u n c t i o n  o f  t h e  l o o p  a n d  l i n e  m a t c h e d  
i m p e d a n c e s .  For  i n d u c t i v e  c o u p l i n g  a p p r o p r i a t e  f o r  MF a n d  low-HF 
f r e q u e n c i e s ,  o p t i m u m  p e r f o r m a n c e  i s  o b t a i n e d  w i t h  t h e  minimum 
i m p e d a n c e .  The d r i v i n g  p o i n t  i m p e d a n c e  i s  a  f u n c t i o n  o f  t h e  s u r g e  
impedance Zo, t h e  l i n e  t e r m i n a t i o n  c o n d i t i o n s ,  and  l i n e  l o s s e s .  A t  
i n t e r m e d i a t e  f r e q u e n c i e s  and a b o v e ,  t h e  d r i v i n g  p o i n t  impedance may be  
c o n s i d e r e d  t o  be e s s e n t i a l l y  e q u a l  t o  t h e  s u r g e  impedance of  t h e  l i n e .  
A t  lower f r e q u e n c i e s ,  t h e  d r i v i n g  p o i n t  i m p e d a n c e  w i l l  va ry  g r e a t l y  
w i t h  t e r m i n a t i o n  c o n d i t i o n s .  I n  m i n e s ,  t h e  t e r m i n a t i o n s  a r e  u s u a l l y  
low impedances,  s o  t h a t  g e n e r a l l y  t h e  d r i v i n g  p o i n t  impedance l e v e l s  
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w i l l  i n c r e a s e  wi th  f r equency .  

O r i g i n a l l y ,  t h e  c o u p l i n g  d e c r e a s e  i n  t h e  HF band was t h o u g h t  t o  be  due 
t o  t h e  r e t a r d e d  f r e q u e n c y - v a r i a b l e  f i e l d  t e r m  which,  i n  a  c o n s t r a i n e d  
e n v i r o n m e n t ,  b e c o m e s  t h e  w a v e g u i d e  mode e x c i t a t i o n  means .  T h i s  
" r a d i a t i o n "  t e r m  w i t h  f r e q u e n c y - v a r i a b l e  c u r r e n t  moment r e p r e s e n t s  
s t o r e d  e v a n e s c e n t  energy b e l o w  t h e  w a v e g u i d e  cu t -o f f  f r equency .  While 
t h i s  mechanism o c c u r s ,  i t  i s  a  r e l a t i v e l y  n a r r o w b a n d  e f f e c t ,  t h u s  
h a v i n g  m i n i m a l  s p e c t r a l  i m p a c t  i n  t h e  h i g h l y  a t t e n u a t e d  HF r e g i o n .  
T h i s  e f f e c t  w i l l  n o t  b e  s p e c i f i c a l l y  a d d r e s s e d  f u r t h e r  i n  t h i s  r e p o r t .  

The low-in termedia te  f r equency  c o u p l i n g  mechanisms t o  mine w i r i n g  show 
medium f r e q u e n c i e s  i n  t h e  2 0 0 -  1 0 0 0  KHz r a n g e  t o  b e  optimum f o r  
w i r e l e s s  t r a n s m i s s i o n .  A summary o f  t h e s e  computed c o u p l i n g  e f f e c t s  on 
t r a n s m i s s i o n  f o r  t h e  t e s t  s y s t e m  i s  i l l u s t r a t e d  i n  F i g u r e  44. 
A d d i t i o n a l l y ,  e v e n  o v e r  p a r t i c u l a r  s h o r t  t e s t  r a n g e s  u s e d  f o r  
swept-frequency measurements ,  t h e  m o n o f i l a r  l i n e  a t t e n u r t i o n  i n c r e a s e s  
approx imate ly  l i n e a r l y  w i t h  f r e q u e n c y  a n d  p r e d o m i n a t e s  i n  t h e  o v e r a l l  
t r a n s m i s s i o n  l o s s  t o w a r d  t h e  h i g h  end  o f  t h e  HF band a n d  above. For 
t h e  t e s t  system o p e r a t i n g  i n  t h e  1-10 MHz spec t rum o v e r  a  t y p i c a l  t e s t  
r a n g e  o f  a b o u t  300-400 f e e t .  t h e  a v e r a g e  a t t e n u a t i o n  r a t e  i s  a b o u t  
l / f .  For p r a c t i c a l  o p e r a t i n g  r a n g e s ,  t h e  a t t e n u a t i o n  i n  t h e  H I  band 
becomes p r o h i b i t i v e .  The a v e r a g e  a t t e n u a t i o n  i n  d r i f t s  a p p e a r s  t o  b e  
a b o u t  6  dB/1000 f e e t  a t  1 MHz v a r y i n g  l i n e a r l y  w i t h  f r equency .  

3.3.3 WAVEGUIDE TRANSMISSION 

UHF t r a n s m i s s i o n  i n  c o a l  m i n e  t u n n e l s  h a s  b e e n  c a r e f u l l y  ana lyzed  by 
Ar thur  D .  L i t t l e .  I n c .  under Task Order I t .  Task F  on U.S.B.M. C o n t r a c t  
H 346045. The t r a n s m i s s i o n  l o s s  d u e  t o  r e f r a c t i o n  and roughness  have  a  9 f  f r e q u e n c y  d e p e n d e n c e  w h i c h  i s  i n  g o o d  a g r e e m e n t  w i t h  m e a s u r e d  
d a t a .  The ADL d a t a  shows  t h a t  f o r  n a r r o w  d r i f t  w i d t h s  (8-12 f e e t )  
t h e s e  l o s s e s  a r e  s u b s t a n t i a l  up  t o  a  f r e q u e n c y  o f  a b o u t  1000MHz, which 
i s  i n  good a g r e e m e n t  w i t h  t h e  8 0 0  MHz a s s e s s m e n t  d e t e r m i n e d  d u r i n g  
t h i s  program. The lower f r e q u e n c y  l o s s e s  ( 4 5 0  MHz o r  below) were a l s o  
s u b s t a n t i a t e d  f o r  low d r i f t s .  The d a t a  o b t a i n e d  d u r i n g  t h i s  program 
showed t h a t  r e g a r d l e s s  o f  c r o s s - s e c t i o n a l  d r i f t  s i z e ,  t h e r e  was a  
s u b s t a n t i a l  s i g n a l  e n h a n c e m e n t  i n  t h e  h i g h  800-1000 MHz range .  For 
mines wi th  l a r g e r  d r i f t s  t h e  f u l l y  d e v e l o p e d  w a v e g u i d e  mode was n o t  
r eached  u n t i l  10-20 t i m e s  c u t - o f f .  The c o n c e p t  o f  cu t -o f f  f r e q u e n c y .  
t h u s ,  h a s  l i t t l e  m e a n i n g  when t h e  r e f r a c t i v e  a n d  r o u g h n e s s  l o s s e s  
govern over  wcopperw l o s s e s .  
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4.0 I N D I V I D U A L  M I N E  REDUCED TEST DATA 

T h i s  s e c t i o n  p r e s e n t s  t h e  r e d u c e d  t e s t  d a t a  from t h e  i n d i v i d u a l  mines .  
T h i s  t e s t  d a t a ,  b o t h  i n  g r a p h i c  and  t a b u l a r  f o r m ,  i s  r e p r e s e n t a t i v e  
d a t a  and  d o e s  n o t  n e c e s s a r i l y  i n c l u d e  r e d u c t i o n s  o f  a l l  t e s t  d a t a  
g a t h e r e d  i n  each  mine. O r i g i n a l  t e s t  d a t a  i s  p r e s e n t e d  i n  t h e  
n e x t  s e c t i o n .  

4.1 REDUCED DATA FROM OCCIDENTAL LOGAN WASH M I N E  

S w e p t - f r e q u e n c y  d a t a  i s  g i v e n  i n  F i g u r e  45 (MF). F i g u r e  46 ( H F ) .  
F i g u r e  47 (VHF) and F i g u r e  48 (UHF) f o r  two test  l o c a t i o n s .  

F i g u r e  49 shows VHF/UHF CW t e s t  d a t a  a t  s e v e r a l  f r e q u e n c i e s  t a k e n  a l o n g  
an approximate  1000-foot segment o f  d r i f t  i n c l u d i n g  a  c o r n e r ;  t h i s  d a t a  
i s  a l s o  g iven i n  T a b l e  7. 

F i g u r e  50 shows CW MF t e s t  d a t a  l o o p - e x c i t e d  a t  650 KHz f o r  s e v e r a l  
t e s t  c o n d i t i o n s  w i t h i n  t h e  d r i f t  c r o s s - s e c t i o n  o v e r  a n  a p p r o x i m a t e  
6 0 0 - f o o t t e s t  r a n g e ;  t h i s  d a t a  i s  a l s o  l i s t e d  i n  T a b l e  8 .  F i g u r e  51 
g i v e s  a d d i t i o n a l  CW MF t e s t  d a t a  c u r r e n t - p r o b e - c o u p l e d  i n t o  a  pager  
phone l i n e  a t  650 KHz a s  measured o v e r  a t e s t  r a n g e  o f  1600 f e e t .  

F i g u r e  52 g i v e s  reduced 10 CHz CW t e s t  d a t a  t a k e n  o v e r  a  t e s t  r ange  o f  
approx imate ly  160 f e e t ;  t h i s  d a t a  i s  a l s o  l i s t e d  i n  T a b l e  9. 

4.2 REDUCED DATA FROH UNITED NUCLEAR/HOMESTAKE PARTNERS SECTION 23 M I N E  

Swept-frequency d a t a  i s  g i v e n  i n  F i g u r e s  5 3  and  54  and T a b l e s  10 and 
11 r e s p e c t i v e l y  f o r  t h e  Wagner and  650 t r a c k  t e s t  a r e a s  f o r  MF; F i g u r e  
5 5  a n d  T a b l e  12  f o r  HF i n  t h e  W a g n e r  a r e a ;  F i g u r e s  56  and  57 a n d  
T a b l e s  13 and 14 r e s p e c t i v e l y  f o r  t h e  Wagner and 650 t r a c k  t e s t  a r e a s  
a t  VHF; F i g u r e s  58 a n d  59  p l u s  T a b l e s  15  a n d  16 r e s p e c t i v e l y  f o r  t h e  
Wagner and 650 t r a c k  a r e a s  a t  UHF. 

MF CW t e s t  d a t a  a t  650 KHz curent -probe-coupled  i n t o  t h e  phone l i n e  f o r  
480 V A C  l i n e  c r o s s - c o u p l i n g  i n  t h e  Wagner d r i f t  a r e a  on a  812-foot  
r a n g e  a r e  g iven  i n  Tab le  17. Mine-wide MF CW t e s t  d a t a  a t  650 KHz o v e r  
a  3360-foot r ange  c u r r e n t - p r o b e - c o u p l e d  i n t o  t h e  phone l i n e  a r e  g iven  
i n  Tab le  18. 

VHF/UHF CW t e s t  d a t a  t a k e n  i n  t h e  W a g n e r  d r i f t  a r e a  a t  s e v e r a l  
f r e q u e n c i e s  o v e r  a  5 1 2 - f o o t  t e s t  r a n g e  a r e  g i v e n  i n  T a b l e  1 9 .  
Microwave 10 GHz CW t e s t  d a t a  t a k e n  o v e r  a  97-foot  r a n g e  a r e  g iven i n  
T a b l e  20. 

P rocessed  MF s w e p t - f r e q u e n c y  d a t a  f o r  f l a t  -2 d B  N I A  o v e r  a  180-foot 
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FIGURE 46 

OCCIDENTAL O I L  SHALE LOGAN WASH MINE 

RETORT Y6 AFEA - H I M  FREQUENCY SWEPT 

F l  ELD STRENGTH CEASUREMNTS AT I 2 0  FEET 

RANGE - I W A ~  POWER INTO PRACTICAL 

MAtJ-PACK LOOP ANTENNA CHARACTERIZATION 

CONDUCTOR- FREE 
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TABLE 7 

VHF/UHF CW FIELD STRENGTH EASUREMENT DATA 

LOGAN WASH MINE 

FREQUENCY (READINGS IN dB) 
LOCAT l CEI - 8 0 M  - 150FHZ 

94 

90 

9 1 

89 

ao 
80 

84 

46 

45.5 

39 

43.5 

43 

43 

33 

NOISE 





TABLE 8 

LOOP EXCITED M)NOFI LAR lvlODE 650KU Fl ELD 

STRENGTH MEASUREMENT DATA - LOGAN WASH MINE 

ANTENNA PO5 IT ION 

(READINGS I N  dB) 

LOCAT I ON MPT ICAL/MID-DRI FT MAX I KIM s I GNAL/'V( a-DRI FT NEAR CONDUCTORS 
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LOCAT I ON 

TABLE 9 

MICROWAVE FIELD STRENGTH MEASUREMENT 

DATA - LOGAN NASH MINE 
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REDUCED SWEPT-FREOUENCY MF DATA TAKEN IN WAGNER AREA 
UNITED NUCLEAR SECT ION 2 3  'dl YE 

I \JATT TRANSMIT POWER AT 180 FOOT RANGE 

TX CURRENT PROBE TX ANTENNA 
MAG FIELD STRENGTH MAG FIELD STRENGTH 

FREO(WZ) DB ABOVE I uA/M DB ABOVE I uA/M 

TABLE I I 

REOlJCED SWEPT-FREQUENCY MF DATA TAKEN I N  650 TRACK AREA 
UNITED NUCLEAR SECTION 2 3  MINE 

I WATT TRANSMIT POWER AT 180 FOOT RANGE 

FREQ ( W Z  ) 

TX CURRENT PROBE TX ANTENNA 
rrAG FIELD STRENGTH MAG FIELD STRENGTH 
DB ABOVE I uA/M DB ABOVE I uA/M 





TABLE 12 

REDUCED SWEPT-FREOUEFICY HF DATA TAKEN 1 E l  WAGNER AREA 
UNITED IllKLEAR SECTIOX 23 MINE 

I WATT TRANSM l T POWER AT 1 80 FOOT RANGE 

TX CURRENT PROBE TX ANTENNA 
MAG FIELD STRENGTH M4G FIELD STRENGTH 

FREO ( WZ) DB ABOVE I uA/M DB ABOVE I uA/M 
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REDUCED SWEPT-FREOUENCY VHF DATA TAKEN IN WAGNER AREA 
OF lJNlTED NUCLEAR SECTION 23 VINE 

I-WATT TRAVSMIT POWER AT 180 FOOT PAN'3-E 

H-W L BROADS I DE V-WL H-POL COLLINEAR 
DB ABOVE 1 uV/M C8 ABOVE I uV/M DB ABOVE I uV/M 



TABLE 14 

REDUCED SWEPT-FREOUEYCY VHF DATA TAKEN I Y  650 TQACK AREA 
OF UNITED F.IUCLEAR SECTION 23 MI YE 

I WATT TRANSMIT WWER 4T 1 80 FOOT PAIIGE 

FREO ( WZ 
H-POL BROADSIDE 
DB ABOVE I uV/M 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

44.4 

48.8 

- 

v-POL 
DB ABOVE I uV/M 
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TABLE 15 

REDUCED SWEPT-FRE13UEFICY UHF DATA TAKEN 1b1 WAG'IER AREA 
UYITED NUCLEAR SECTIOY 23 MlNE 

I WATT TRANSMIT POWER AT 180 F30T RANGE 

H-POL BROADS1 M V-POL 
FREO ( H Z )  DB ABOVE I uV/M DB ABOVE I uV/M 

TABLE 16 

REDUCED SWEPT-FREQUENCY UHF DATA TAKEN I N  6 5 0  TRACK AREA 
UNITED NUCLEAR SECTION 23 MINE 
I WATTTRANSMIT POWER AT 180 FOOT RANGE 

+POL BROADSIDE V-POL 
FEO(MHZ)  DB ABOVE I uV/M DB ABOVE I uV/M 



CW MEDIUM FREQUENCY DATA IN WAG'IER DRIFT AREA 
AT 650 KHz 

( Readings taken i n  the  center  o f  t he  d r i f t  ) 

MAGNET I C FIELD STRENGTH RAW SINGER 0 l STANCE 
LOCAT I ON DB ABOVE I UAMP/METER NM-25 DATA FROM TX n 

0 

I 

2 

heater feed 
4 

5 

heater feed 
I 

heater  feed 
8 

+24 on +40 

+20 on +40 

+12fon +40 

+I2 on +40 

+ I 3  en +20 

+l2fon +20 

+ I0  on +20 

+I 1 on 0 

l o s t  s igna l  

14 

114 

206 

302 

394 corner 
512 

626 

716 

812 

NOTES : 1. TRANSMITTER CONNECTED TO PHONE LINE V I A  STODOARO 
CURRENT PROBE AT PRINCIPAL WAGNER AREA TX LOCATION 

2. DATA NOFMALIZED TO I-WATT OF TX POWER ( NI A = 0.89 ) 



TABLE 18 

CW MEDIUM FREOUENCY OATA OVER LPRGE 'JIME AREA FRON 
TX LOCATED IN PRINCIPAL WAGNER AREA LOCATION OF 
UNITED NUCLEAR SECTION 23 MINE WITH COUPLING TO 

PHONE LINE VIA STODDARD CURRENT PROBE 
AT 650 KHz 

( Read ings t a k e n  i n  d r i f t  c e n t e r  u n l e s s  o t h e r w i s e  n o t e d  1 

MAGNETIC FIELD STRENGTH RAW SINGER DISTANCE 
LOCAT I ON NOTES DB ABOVE I uAW/METER N&25 DATA FROM TX FT 

WAGNER SHOP 

NEAR PHONE 

MIN LEVEL 

MAX LEVEL 

650  LEVEL PORTAL SHAFT 

726 LEVEL PORTAL SHAFT 

58  EAST TRACK BRANCH 

MAIN 726 LEVEL TRACK 

DR l FT CENTER 

ANT ON RA I LS 

NOTE: RECEIVE SENSITIVITY LEVEL APPROX. -34 DB ABOVE I uAW/METER 
FOR 12 DB SIG1AL,THEREFORE AMPLE SIGNAL IS  AVAILABLE AT ALL 
TEST POINTS FOR C O W N  I CAT IONS DATA NORMAL1 ZED TO 1 WATT 
TRANSMIT POWER 



LOCAT I ON 

0 

I 

2 

3 

4 

5 

NOTE : 

?+I VHF nATA TAKE'! I k l  WPC?!ED C?!  FT A D E P  
ljrl I TED ~JOCLEAR SECT I O?I 23 h.4 I wE 

( geeadings taken i n  the  center  o f  t h e  d r i f t  

VERTICAL POLARIZATION 

ELECTRIC FIELD STRENGTH IN DB ABOVE I uV/M 

50 WZ 100 Mi2 200 FHZ 01 STANCE( FT) 

105.7 112.8 111.7 14 

52.7 75.8 71.7 114 

l o s t  35.8 34.7 206 

l o s t  l o s t  l o s t  362 

HORIZONTAL POLARIZATION 

ELECTRIC FIELD STRENGTH IN DB ABOVE I uV/M 

so mz 100 mz 200 mz DISTANCE(FT) 

78.7 123.8 119.7 14 

l o s t  84.8 97.7 114 

l o s t  39.8 65.7 206 

l o s t  41.8 69.7 302 

l o s t  45.8 45.7 394 CORNER 
l o s t  l o s t  l o s t  5 12 

DATA WRMALIZED TO I-WATT OF TX POWER INTO PRACTICAL 
WN-PACK ANTENNA 



TABLE 20 

X-BAND MICROWAVE TEST DATA TAKEN I N  WAGNER AREA 
llFJlTED tlUCLEAR SECTION 23 MI'IE I WATT TRANSMIT POWED 

( A )  RANGE TEST - 
NM-65T READINGS F I ELD STRENGTH 
DB ABOVE I uV DB ABOVE I uV/M RANGE(FT) 

NOTE: N o i s e  l e v e l  a t  2 9  DBuV on N k 6 5 T  

(B )  DEPOLARIZATION TEST - 
TX SET-UP AT WAGNER AREA TRANSMIT S I T E  

RX F IELD STRENGTH INCIDENT ON REFLECTOR: 

66.9 uV/M NOMINAL 

3 0 6  VARIATION I N  VERTICAL PLANE 

6 DB VARIATION I N  HORIZONTAL PLANE 

TRANSVERSE TO D I E C T I C N  OF PROPAGATION 

RX REFLECTED F l  ELD STRENGTH 8 18 FEET RANGE FROM REFLECTOR: 

66.4 DB RELATIVELY INDEPENMNT OF SPECIFIC 
LONGITUDINAL DIRECTION LOCATION OF 
RX HORN 



r a n g e  i n  t h e  Wagner a r e a  a r e  s h o w n  i n  F i g u r e  6 0 .  A t t e n u a t i o n  i s  
assuned neg l lg lb le  over  t h l s  range d u e  t o  mesh on t h e  back and r i b s .  

A summary o f  conduc to r  ensemble impedances deduced from MF measurements  
i s  g iven  i n  Tab le  21. 

4.3 REDUCED DATA FROM KERR-MCGEE HOBBS POTASH FACILITY M I N E  

Swept-frequency d a t a  i s  g i v e n  i n  F i g u r e  61 f o r  MF a t  two t e s t  r a n g e s ,  
F i g u r e  62 f o r  HF a t  a  3 0 0 - f o o t  r a n g e ,  F i g u r e  6 3  f o r  VHF a t  two t e s t  
r a n g e s  and F i g u r e s  64 a t  a  t e s t  r a n g e  o f  150. A d d i t i o n a l l y .  MF c u r r e n t  
probe e x c i t e d  m e a s u r e m e n t  a t  a  r a n g e  o f  300 f e e t  i s  g i v e n  i n  F i g u r e  
65. 

MF CW t e s t  d a t a  a t  s e v e r a l  f r e q u e n c i e s  an tenna-coup led  ove r  a  nominal  
7 5 0 - f o o t  t e s t  r a n g e  i s  g i v e n  i n  F i g u r e  6 6  a n d  i n  T a b l e  22 .  More 
d e t a i l e d  MF Cbl t e s t  d a t a  a t  650 KHz o v e r  an approx imate  9500-foot t e s t  
r a n g e  is g iven  i n  F i g u r e  67 and i n  T a b l e  23. 

UHF CW d a t a  @ 600 and 950 MHz o v e r  an  a p p r o x i m a t e  1600-foot t e s t  r a n g e  
i s  g i v e n  i n  F i g u r e  68  a n d  i n  T a b l e  24 .  10 GHz CW t e s t  d a t a  o v e r  a  
195-foot  test range  i s  g iven  i n  T a b l e  25 .  P rocessed  MF swept-frequency 
d a t a  f o r  f l a t  -2 dB N I A  t a k e n  o v e r  a  1 5 0 - f o o t  t e s t  range  i s  given i n  
F i g u r e  69 wi th  and w i t h o u t  a t t e n u a t i o n .  

4.4 REDUCED DATA FROM THE AMAX LEAD CO. OF MISSOURI B U I C K  MINE 

A c o m p o s i t e  o f  MF s w e p t - f r e q u e n c y  d a t a  t a k e n  v s  r a n g e  o u t  t o  
approx imate ly  6800 f e e t  i n  t h e  h a u l a g e  a r e a  beyond  t h e  Y i s  g iven  i n  
F i g u r e s  70 and 71 and i n  T a b l e  26 .  S i m i l a r  CW t e s t  d a t a  o v e r  t h e  same 
r a n g e  a t  520 KHz f o r  a n t e n n a  l o o p  c o u p l i n g  i n t o  p h o n e  l i n e  a n d  
d e d i c a t e d  w i r e  is g iven  i n  F i g u r e  72 and i n  Tab le  27. 

MF and HF swept-frequency d a t a  o v e r  a  3 9 0 - f o o t  t e s t  r a n g e  i s  g iven  i n  
F i g u r e  7 3  a n d  r e s p e c t i v e l y  i n  T a b l e s  2 8  a n d  2 9 .  S i m i l a r  
swept-frequency t e s t  d a t a  o v e r  a  1 2 9 0 - f o o t  t e s t  r ange  hav ing  t h e  same 
t r a n s m i t t e r  l o c a t i o n  i s  g i v e n  i n  F i g u r e  7 4  a n d  r e s p e c t i v e l y  i n  T a b l e s  
30 and 31. VHF and UHF s w e p t - f r e q u e n c y  d a t a  o v e r  a  390-foot t e s t  r a n g e  
i s  given i n  F i g u r e  75 and r e s p e c t i v e l y  i n  T a b l e s  32 and 33. 

P r o c e s s e d  MF s w e p t - f r e q u e n c y  d a t a  f o r  f l a t  -2 dB N I A  t a k e n  o v e r  a  
390-foot t e s t  r a n g e  i s  g iven  i n  F i g u r e  76 w i t h  and w i t h o u t  a t t e n u a t i o n .  

4.5 REDUCED DATA FROM MAGMA COPPER CO.  SAN MANUEL M I N E  

MF and HF swept-frequency d a t a  c h a r a c t e r i z i n g  m o n o f i l a r  mode c o u p l i n g  
i n t o  a  t r a c k  ove r  a  2 4 3 - f o o t  t e s t  r a n g e  i s  g i v e n  i n  F i g u r e  77 and i n  
T a b l e s  34 and 35. Companion d a t a  i l l u s t r a t i n g  monof i l a r  t r a c k  c u r r e n t  
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TABLE 22 
MEDIUM FREQUENCY CONTINUOUS WAVE FIELD STRENGTH MEASUREMENT 
DATA KERR-=GEE HWBS POTASH FACl L l N  MINE AREA 140-01 #3  

1 WAlT TRANSMIT POWER 

COPLANAR HMO MEASUAEMENTS ( I N  dB GREATER THAN 1 uV) 

LOCATION 1Y DISTANCE (FEET) 250  KHz 6 5 0  KHz - 
1 150 32  66 

2 210  36  7 0  

COPLANAR V M )  MEASVREMENTS ( I N  dB GREATER THAN 1 uV) 

LOCATION X DISTANCE (FEET) 250  KHZ 6 5 0  KHz 

1 150 15 4 4  

2 2 10 12 40 

3 370  14 48 

4 5 7 0  -7 12 

5 7 3 0  -4 -1 1 



0 0 
0 m 0 0 

V) v 
0 
N 

0 0 - N 
1 

tl3UW/dWVOtl31W L N V H l  8 3 1 V 3 3  BP - H B N 3 t l l S  01313 3 1 U L 9 V W  



TABLE 23 

EONDUCTOR-ENHANCED MEDIUM FREOUEYCY QNTINUOUS 
WAVE FIELD STRENGTH MEASUREMENTS - KERR MCGEE 
HOBBS POTASH FACILITY 650 KHZ TEST FREQUENCY 

I WAlT TRANSMIT POWER 
FEET Dl STANCE FROM 

LOCATION # CONDUCTORS-METERS READING (dB ABOVE 1 uV)  

1 10 0.6 92 
2 250 0.6 50 
3 550 0.6 5 1 
4 820 0.6 5 1 
5 1370 0.6 43 
6 1850 0.6 4 3 
7 2420 0.6 38 
8 2980 0.6 34 
9 3450 0.6 34 

10 4030 0.6 2 8 
11 4580 0.6 36 
12 5260 0.6 25 
13 5760 0.6 27 
14 6 160 UNKNOWN -5 

SEE FIGURE 27 FOR TEST LOCATlCNS 





TABLE 24 
UHF CONTINUOUS WAVE FIELD STRENGTH MEASUREMENT DATA 
KERR-MCGEE WRBS POTASH FACI LITY MINE ROOM 225 

(HORIZONTAL ANTENNA POLARIZATION) 
1 WATT TRANSMIT POWER 

( I N  dB ABOVE I uV) 
LOCAT ION # DISTANCE (FEET) 600 MHz 950 M-IZ 

1 20 64 60 

TABLE 25 
MICRJWAVE FREQUENCY CONTINUOUS WAVE FIELD STRENGTH 
MEASUREMENT DATA KERR-MCGEE HOBBS POTASH FACI LlTY 

27 WEST ( 1 WAlT TRANSM l T POWER- 10 WZ ) 

LOCAT I ON X DESCRI FTlON DISTANCE (FEET) READING (dB) 

I BT 12 East  Edge 2 34/40 s c a l e  

2 BT 12 West Edge M 42/ 0 sca le  

3 BT 13 West Ed- 105 

4 BT 14 west Edge 180 

39/ O sca le  

37.5/ 0 sca le  

5 9T 14 15' South o f  195 39.51 0 sca le  
Ref l e c t o r  
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TABLE 26 

REDUCED MARlETlC FIELD STRENGTH DATA TAKEN ON A SWEPT-FREQUENCY 
BASIS WITH RANX ALONG THE NORTH MINE TRACKED HAULAGE DRl FT AWAY 
FROM A I-WATf TRANSMITTER LWP-COUPLED INTO THE DEDICATED WIRE 
IN THE FOREMAN'S SHACK AMAX LEAD CO. BUICK MINE 

STATION 005  SCOPE STATICN 0 2 0  SCOPE 
FREQUENCY(MH2) H OB ABOVE I uA/M DBM H DB ABOVE I uA/M DBM 

STAT ION 0 3 4  SCOPE 
H DB ABOVE I uA/M OEM 

STATION 0 4 9  
H 08 ABOVE I 

SCOPE 
uA/M OBM 



TABLE 26 CONT. 

FREQUENCY ( tWZ 
STAT1 ON 064 
H OB ABOVE I uA/M 

STATION 086 
H 00 ABOVE I uA/M 

SCOPE 
OBM 

SCOPE 
0BM 

STATION @ Y 
H OB ABOVE I 

STATION 113 
H DB ABOVE I 

SCOPE 
uA/M OEM 

SCOPE 
uA/M DBM 





TABLE 27 

RESULTS OF VF CI.1 DEMONSTRATION TESTING AT 520 KHz USING 
COLLINS PROTOTYPE BASE STATION AS THE TRANSMITTER IN THE 
FORMAN'S SHACK AND USING A S INrZ4 F l  ELD STRENGTH METER 
PLUS A PORTABLE COLLINS UNIT ALONG THE NORTH MlNE TRACKED 
HAlJLAGE DRI FT AMAX LEAD CO. BUlCK MlNE 

LOOP-COUPLED TO DEDICATED WIRE LOOP-COUPLED TO PHONE LINE 
LOCATION SINGER READINGS H DB ABOVE I uA/M SINGER READINGS H OB ABOVE l uA/ 

+ 8 on +60 

+ 8 on +40 

+ l on +40 

+I 7i.m +20 

+ 8fon +20 

+ 1 4 t o n  +20 

+ 1 7 o n  0 

+ I 4  on -20 

+ 2 o n  -20 

b a r e l y  h e a r  x m t r  

!KITE: STATION 113 WAS FARTHEST AWAY THAT TWO-WAY COMMUNICATIONS 
COULD BE MAINTAINED ( 15 WATT BASE 6 15 WATT PORTABLE ) 

8 STATION 129, PORTABLE-BASE LINKAGE WAS LOST BUT BASE- 
PORTABLE L INKAGE WAS ST1 LL COPYABLE. 





TABLE 28 

REDUCED MAGVETIC FIELD STRENGTH AND COUPLED CURRENTMF DATA 
TAKEN ON A SWEPT-FREOUENCY BASIS AT 064  ORE PASS FROM A 1 WATT 
TRANSMITER LOCATED AT THE NORTHWEST/NORTHEAST Y AMAX LEAD CO. - BUICK fH YE - 

TX PROBE-RX PROBE TX PROBE-RX ANTENNA 
mEOVENCY(MiZ) DBM 1 IN  DB ABOVE i uA DBM H(DB ABOVE IuA/M) I ( D B  ABOVE I 

TX ANTENNA-RX ANTENNA 
FREOMNCY(MiZ) DBM H(DB ABOVE I uA/M) I(DB ABOVE l uA) 

CllRRENT CALCULATED ASSUMl NG f - M m R  RAD 1 US mOM CON WCTORS 



TABLE 29 

REDLCED !."AWETIC FIELD STRENGTH AND COUPLED CURRENTMF DATA 
TAKEN ON A SWEPT-FREQUENCY BASIS AT 0 6 4  ORE PASS mOM A 1 WATT 
TRANSMITER LOCATED AT THE NORTHWEST/FIORTHEAST Y AMAX LEAD CO. 

BUICK M IN€  
TX PROBE-RX PROBE TX PROBE-RX ANTENNA 

FREQUENCY(W2) DEM I I N  DB ABOVE L uA OEM H(DB ABOVE luA/M) t ( D B  ABOVE 1 

TX ANTENNA-RX ANTENNA 
FREOIIENCY(M-lZ) DBM H(DB ABOVE IuA/M) I ( D B  ABOVE l u A )  

CURRENT CALCULATED ASSUMING I - M T E R  RADIUS FROM CONWCTORS 



ti- 

Z I I 

4 2 I I I I 
Z W  I 

W Z C  I 1 I I 
E Y 5  I I z 2 - 
L U X  

X  X  
a 

a a ;  - - 2  
W W Z  

m 8 k  E E z 
X X X  
C C I -  



TABLE 30  

REDUCED MABlETlC FIELD STRENGTH AND COUPLED CURRENT MF DATA 
TAKEN ON A SWEPT-FREOUENCY BASIS AT 0 4 9  ORE PASS FROM A 1 WATT 
TRANSMITTER LOCATED AT THE NORlHWEST/NORTHEAST Y 

AMAX LEAD Kl. - BUlCK MINE 
TX PROBE-RX PROBE TX PROBE-RX ANTENNA 

FREQUENCY(!MZ) OBM I IN  DB ABOVE i uA DBH H(DB ABOVE iuA/M)  I ( D B  ABOVE 1 

TX ANTENNA-RX ANTENNA 
FREOl!ENCY(MiZ) DBM H(DB ABOVE luA/M) I(DB ABOVE l u A )  

CURRENT CALCULATED ASSUMING I - M T E R  RADIUS FROM CONDUCTORS 



TABLE 31 

REDUCED MAGNETIC FIELD STRENGTH AND COUPLED CURRENT HF DATA 
TAKEN ON A SWEPT-FREOUENCY BASIS AT 049  ORE PASS FROM A 1 WATT 
TRANSMllTER LOCATED AT THE NORTHWEST/NORTHEAST Y 

AM9X LEAD CO. - BUlCK MINE 

TX PROBE-RX PROBE TX PROBE-RX ANTENNA 
FREOUENCY(WZ) DBM 1 I N  DA ABOVE 1 uA DBM H(DB ABOVE 1uA/M) I ( D B  ABOVE 1 

TX ANTENNA-RX ANTENNA 
FRE'YUENCY(Mi2) DBM H(DB ABOVE luA/V)  I ( D B  ABOVE l u A )  

CURRENT CALCULATED ASSUMING {-METER RADIUS FROM CONDUCTORS 





TABLE 32 

RE~IJCED VHF ELECTRIC FIELD STREFIKI'H DATA TAKEN ON A SWEPT- 
mEOUEUCY BASIS ALONG M E  NORTH MlNE TRACKED HAULAGE OR1 FT 
AT 064 ORE PASS FROM A TRANSMITTER LOCATED AT THE NORTHWEST/ 
VORTHEAST Y 1 WATT TRANSMIT POWER FOR PRACTICAL WHIP ANTENNAS 

AMAX LEAD CO. - BUlCK MINE 
HORIZONTAL WLARIZATION VERTICAL POLARIZATION 

FREO(MHZ) DBM E(DBAB0VE IuV/M) DRM E(DR ABOVE IuV/M) 



FREO (MHZ) 

REDUCED UHF ELECTRIC F l  ELD STRENGTH DATA TAKEN ON A SWEPT- 
FREnllENCY BASIS ALONG THE NORTH MlNE TRACKED HAULAGE DRIFT 
AT 0 6 4  ORE PASS FROM A TRANSMITTER LOCATED AT THE NORTHWEST/ 
NORTHEAST Y 1 WATT TRANSMIT POWER FOR PRACTICAL WHIP ANTENNAS 

AMAX LEAD CO. - BUlCK MINE 
HORIZONTAL POLARIZATION VERTICAL POLARIZATION 
DRM E(DB ABOVE IuV/M) DBM E(DB ABOVE IuV/M) 







TABLE 34 

REWCED MARIETIC FIELD STRENGTH AND COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREQUENCY BASIS IN THE CAR-CLEANER TRACK 
DRIFT WHICH CONTAINED NO OTHER SI*JIFICANT CCNWCTORS AT MF 
1 WATT TRANSMIT WWER MAGMA COPPER CO. SAN MANUEL MINE 

TX 6 RX ANTS COPLANAR HMO I . I M  ABOVE TRACK CENTER 
FREQuENCY(MHZ) DBM H(DB ABOVE IuA/M) I(D@ ABOVE luA) 

RX ANT V M )  SPACED AS GIVEN ABOVE RAlL TOP 
4-FT 8-Fr I -Fr 4-FT 8-FT 
DBM DEW H ( D B )  I ( W )  HtDB) ItDB) H(DB) I(DB) ABOVE IuA 

- - +16.U +33.0 - - - - OR I uA/M 

-48.0 - - C21.7 +38.7 - - - - 
-42.0 -56.0 -71.0 +27.7 C44.4 +13.4 +45.9 - 1.6 +42.2 

-37.0 -51.0 -68.0 +31.5 +48.5 +17.5 +50.0 - 0.1 +43.7 

-30.0 -43.5 -58.0 +37.0 +54.0 +23.5 +56.0 + 9.0 +52.8 

-27.0 -37.0 -52.5 +38.1 +55.1 +28.5 +61.0 +12.6 +56.4 

-28.0 -39.5 -55.0 +35.3 +52.3 +24.2 +56.7 + 8.3 +52.1 

-36.0 -49.0 -62.0 +24.7 +41.7 +12.1 +44.6 - 1.3 +42.5 

-43.0 -56.0 -69.0 +16.0 +33.0 + 3.2 +37.5 -10.0 +33.8 



TABLE 35 

REDUCED MAGNETIC FIELD STRENGTH AND COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREOIJENCY BASIS If4 M E  CAR-CLEANER TRACK 
DRl FT WHICH CONTAINED NO OTHER S IGNl FlCANT CONDUCTORS AT HF ' T"NsM'T ~ u f i ~ ~ 8 p p & ~ L $ ~ ~ ~ f i ~ ~ ~ ~ $ f & \ ~  ;RACK CENTER 

FREQUENCY ( f8.2) DBM H( DB ABOVE I uA/M) I(DB ABOVE luA)  

RX ANT VM) SPACED AS GIVEN AROVE RAIL TOPS 
1-FT 4-FT 8-FT I -FT 4-FT 8-FT 

FREQ(h%Z) DBM DBM DBM H(DB) I(DB) H(DB) I (DB) .H(DB) I (DB) 

H i n  DB ABOVE IuA/M 

1 i n  DB AROVE i u A  



and d e t a i l s  of the  t rack  geometry is given I n  Flgure 78. 

Swept-frequency d a t a  is  shown i n  F igure  79 f o r  VHF and i n  F igure  80 f o r  
UHF. 

Reduced HF CW d a t a  i n  t h e  N o r t h  and  S o u t h  mine l e g s  of 2375-level i n  
t h e  c a r r i e r  phone band a t  145 KHz o v e r  an a p p r o x i m a t e  6000-foot t e s t  
r ange  is given i n  F i g u r e  81 a n d  i n  T a b l e  3 6 .  The d a t a  was t aken  i n  a  
mobile  t r a i n  w i t h  t h e  t r a n s m i t t e r  d i r e c t l y  d r i v i n g  a  d e d i c a t e d  wi re  
network i n  t h e  locomot ive  s h o p .  S i m i l a r  CW d a t a  t aken  a t  520 KHz. b u t  
wi th  t h e  r e c e i v e r  i n  t h e  f i x e d  l o c a t i o n ,  i s  shown i n  F igure  82 and i n  
Table  37. 

Processed  HF s w e p t - f r e q u e n c y  d a t a  f o r  f l a t  -2 dB N I A  t a k e n  over  t h e  
2 4 3 - f o o t  t e s t  r a n g e  w i t h  a t t e n u a t i o n  f o r  b o t h  V H D  and  H H D  a n t e n n a  
o r i e n t a t i o n s  a r e  g iven i n  F i g u r e  83. 

4.6 REDUCED DATA FROM HECLA CON-SIL M I N E  

MF and HF s w e p t - f r e q u e n c y  d a t a  t a k e n  on a  4 2 9 - f o o t  p a t h  f o r  s e v e r a l  
an tenna  o r i e n t a t i o n s  i s  g i v e n  i n  F i g u r e  84  and i n  T a b l e s  38 and 39 
r e s p e c t i v e l y  f o r  HMD and VHD o r i e n t a t i o n s  a t  HF and i n  Tab les  40 and 41 
r e s p e c t i v e l y  f o r  H H D  and  V H D  o r i e n t a t i o n s  a t  HF. Processed  HF and HF 
d a t a  normalized f o r  u n i t y  N I A  i s  g iven i n  F igure  85. 

VHF and UHF swep t - f r equency  d a t a  t a k e n  o v e r  a  195- foo t  p a t h  is  given 
i n  F i g u r e s  86 and 8 7  r e s p e c t i v l y  f o r  h o r i z o n t a l  and  v e r t i c a l  an tenna  
p o l a r i z a t i o n s  and i n  Tab les  42 and 43. 

Reduced HF CU d a t a  a t  s e v e r a l  f r e q u e n c i e s  ove r  an approximate  1500-foot 
r ange  a r e  given i n  F i g u r e s  8 8  and  89 r e s p e c t t v e l y  f o r  Sunshine  r a i s e  
and Winze s h a f t  d i r e c t i o n s  and is  l i s t e d  i n  Table  44. 

P r o c e s s e d  HF s w e p t - f r e q u e n c y  d a t a  f o r  f l a t  -2 dB N I A  t a k e n  o v e r  a  
429-foot range  w i t h  and wi thou t  a t t e n u a t i o n  is  given i n  F i g u r e  90. 



COt.tPLITED MF/HF $.IONOF I LAR flOOE TRACK COUPL I HG CORRESPOFIOI PIG 
TO CAR-CLEANER DR l FT PIEASUREFIEFJTS - MAGMA COPPER CO. SAY h4ANUEL ?.I I ?JE 

COPLANAR HM) LOOP ORIENTATION 

I/ 

TEST SET I N A  TRACK CURREKT( 2 CONO. 1 
FREO ( wz A M P ~ ~ T U R N S  DB ABOVE i UAWERE 

YOTES: SURGE IMPEDA!ICE OF 100 OHMS / R A l  L ASSUMED TO GROUND 
IMAI;E RETUFIN PATH I S  I N  GROUNO(ROCK) 
TRACK CURRENT I S  TOTAL OF TWO LOOP VALUES 

EOUIVALENT H F I E L D  I S  29.2 OB BELOW CURRENT FOR 
SHOWN EXCITAION LOCAT IONS ( WHICH ARE 4011CH~Y 
EOUIVALEVT FOR 3OTH ORIENTATIONS ) 
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TABLE 36 

REWCED DATA FROM 145 KHZ CARRIER PHONE TESTS ON M E  
BASE-VEHICLE LINKAGE ALONG THE MASUREMENT TRAVERSE 
MAGMA COPPER CO. SAN MANUEL MINE 1 WATT TX POWER 

WNOF I LAR CURRENT 
LOCAT I ON OBM DB ABOVE I uAWERE 





PEWCED DATA FROM 520 KHz CARRl ER PHONE TESTS ON THE 
VEHICLE-BASE LINKAGE ALONG THE MEASUREMENT TRAVERSE 

MAGMA COPPER CO. - SAN MANUEL MINE 
WNOFI LAR CURRENT 

LOCAT I ON C%M DB ABOVE I uAMPERE 

A -39.0 +22.4 CORRECTED FOR PREA tfP 

B -39.0 +22.4 II II II 

C -47.0 +14.4 11 11 tt 

C -54.0 + 7.4 I, 11 It 

D -57.0 + 4.4 II II 
It 

E -53.0 + 8.4 I t  II I1 

F -59.0 + 2.4 11 II II 

G 6 9 . 0  - 8.) n 19 11 

H -66.0 - 4.6 ~t 11 11 

I -64.0 - 2.6 

J -73.0 - 1  1.6 

K -67.0 - 5.6 

L -54.0 + 7.4 

M -35.0 +26.4 

N -60.0 + 1.4 

0 -49.0 +12.4 

P -45.0 +16.4 

0 -43.0 +18.4 

R -38.0 WRT 
-45.0 VEHlC +23.4 

S -30.0 WRT 
-28.0 VEHlC +31.4 

T -32.0 +29.4 

[I -35.0 +26.4 

V -30.0 WRT 
-43.0 VEHIC + l e a 4  

W -50.0 + I  1.4 

NOTE : THESE CURRENT VALUES AS RECEIVED IN THE RADIO SHOP ARE 
INCREASED BY 37.5 00 TO GIVE ACTIJAL WNOFILAR CURRENT 
ON THE TROLLEY SYSTEM 
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TABLE 38 

REDUCED MAGNETIC FIELD STRENGTH AND COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREQUENCY BASIS N M E  3000- LEVEL NORM 
CROSSCUT ON A 429 FOOT PAM ATH FOR VMO ANTENNA ORIENTATIONS 

1 WATT TRANSMIT POWER FOR TEST SYSTEM ANTENNAS 
HECLA CON-SIL MINE 

TOP 
DBM 

-41.0 

-32.0 

-26.5 

-23.0 

-22.0 

-16.0 

-16.0 

-23.5 

-26.5 

MID 
DBM 

-62.0 

-59.0 

-54.0 

-51.0 

-47.0 

-43.0 

-43.0 

-48.0 

-53.0 

BOT 
DBM 

61.0 

-58.5 

-63.0 

-63.0 

-54.0 

-47.5 

-47.5 

-50.5 

-55.0 

TOP 
H(DB) I(U3) 

+28.5 +42.2 

+37.7 +51.4 

+42.9 +56.6 

+45.5 +59.2 

+45.0 +58.7 

+49.1 i62.8 

+47.3 +61.0 

+37.2 +50.9 

+32.5 +46.2 

M I D  
H(DB) Z(C8) 

+7.5 +40.0 

+10.7 +43.2 

+15.4 +47.9 

+17.5 +50.0 

+20.0 +52.5 

+22.1 +54.6 

+20.3 +52.8 

+12.7 +45.2 

+6.0 +38.5 

BOT 
H(DB) I(08) 

+8.5 +48.5 

+11.2 +51.2 

+6.4 +46.4 

+5.5 +45.5 

+13.0 +53.0 

+17.6 +57.6 

+15.8 +55.8 

+10.2 +50.2 

+4.0 +44.2 

H i n  OB ABOVE l uA/M 

L i n  OB m V E  luA 



TABLE 39 

REDUCED MAGNETIC FIELD STRENGTH AND COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREQUENCY BAS I S  I N  THE XIOO-LEVEL NORM 
CROSSCUT ON A 429  FOOT PATH AT HF FOR HMD ANTENNA ORIENTATIONS 

1 WATT TRANSMIT POWER 
HECLA CON-SIL MINE 

CURRENT 
PROBE 

DBM I(DB) 

TX d RX ANTS COLLINEAR HMD 
M l DDLE BOTTOM 

DBM H(DB) I (DB)  DBM H(DB) 



TABLE 40 

REDUCED MAGNETIC FIELD STRENGTH AN0 COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREQUENCY BASIS IN M E  3000-LEVEL NORTH 
CROSSCUT ON A 429 FOOT PATH AT HFFDR VMO ANTENNA ORIENTATIONS 

1 W A ~  TRANSMIT POWER 
HECLA CON-S I L M ItlE 

TOP 
FREQ(MHZ) OBM 

2.0 -24.5 

4.4 -40.0 

7.9 -30.0 

1122 -31 .O 

14.4 -32.0 

18.0 -22.0 

MID 
DBM 

-47.0 

-53.0 

-55.0 

-50.0 

-52.0 

-55.0 

BOT 
DBM 

-64.0 

-74.0 

-66.0 

-63.0 

-77.0 

TOP 
H(DB) I (DB) 

+37.5 +51.2 

+12.4 +26.1 

+21.6 +35.3 

+19.7 +33.4 

+18.0 +31.7 

+27.7 +41.4 

H i n  DB ABOVE l uA/M 

I in  DB ABOVE luA 

MID 
H(DB) I(DB) 

+15.0 +47.5 

-0.6 +31.9 

-3.4 +29.1 

+0.7 +33.2 

-2.0 +30.5 

-5.3 +27.2 



TABLE 41 

EDUCED MAGNETIC FIELD STRENGTH AND COUPLED CURRENT DATA 
TAKEN ON A SWEPT-FREQUENCY BASIS IN THE MOO-LEVEL NORTH 
CFdOSSCUT ON A 429 FOOT PATH AT HF FOR HMO ANTENNA ORIENTATIONS 

1 WATT TRANSMIT POWER 
HECLA CON-S I L M I  tIE 

CURRENT 
PROBE 

FREQCWZ) OBM I (DB) 

2.0 +4.0 +64.0 

4.4 +2.5 +62.0 

7.9 -4.0- +55.2 

11.2 -4.0 +55.1 

14.4 -20.0 +39.0 

18.0 -14.5 +44.5 

TX 6 RX ANTS HMD 
COLLl NEAR 

08M H(DB) I(0B) 

TX 6 RX ANTS HMO 
BROADSIDE (AXkAL) 

DBM H(0B) I(DB) 

H i n  DB ABOVE IuA/M 

I I n  08 ABOVE luA 
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TABLE 42 

REDUCED VHF ELECTR~C FIELD STRENGTH DATA TAKEN ON A 
SWEPT-FREQLIWCY BASIS ON A 195 FOOT PATH IN 5000-LEVEL 
NORTH CROSSCUT 1 WATT TRANSMIT POWER - PRACTICAL WIP 

HORIZONTAL POLARIZATION 
OW E(DBA9OVE IuVhl )  

VERTICAL POLAR I ZATLON 
DBM E(D9 ABOVE I uV/M) 

-72.0 +32.7 

-47.0 +56.1 

-38.0 69.2 

-43.0 +65.7 

-42.0 60.1 

-54.0 +48.7 

-48.0 +54.6 

-36.0 69.1 

-39.0 +72.5 

-56.5 +54.3 

-52.0 62.2 

-45.0 68.8 



TABLE 43 

EWCED UHF ELECTRIC FIELD STRENGTH DATA TAKEN 014 A 
SWEPT-FREQUENCY BAS IS ON A 195 FDOT PATH IN 3000-LEVEL 
NDKM CROSSCUT 1 WATT TRANSMIT POWER - PRACTICAL WHIP 

ANTENNAS -- HECLA CON-S l t M l NE 

HORIZONTAL POLARIZATION 
OEM E(DB ABOVE luV/M) 

-54.0 +54.5 

-48.0 +69.1 

-40.0 +82.9 

-36.0 +87.3 

-44.0 +84.7 

-41 .O +89.5 

-36.0 +97.5 

-35.0 +100.6 

-34.0 +98.8 

VERTICAL POLARIZATION 
OBM E(08 ABOVE IuV/M) 

-54.0 +54.5 

-40.0 +77.1 

-35.0 +87.9 

-31 .O +92.3 

-31 .O +97.7 

-53.0 +77.5 

-50.0 +83.5 

-33.0 +102.6 

-30.0 +102.8 
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TABLE 44 

LOCA- 
TION 

1 

2 

3 

4 

5 

6 

7 

REDUCED MF W b4AG!.IETIC F I E L D  STRENGTH DATA TAKElJ ON A 
SIEPT-FREQUENCY RASlS ON A 195 FOOT PATH IW THE 3000-LEVEL 
,'10R7H CROSSCLIT OF HECLA CON-S I L F l l  ME US I NC: I WATT TEST 

SYSTEM EQIII PMEVT 

CURRENT PRDBE REFERENCE' DATA 

FREQ(KHZ) S I NGER RX(0BuV) CF I ( D B )  

300 +9.5 on +40 49.5 - 11.0 38.5 DeuA 

520 +19.@ on +60 99.0 - 12.6 = 86.4 DBuA 

650 +8.8 on +60 68.8 - 13.0 55.8 DBuA 

1000 +18.6 on +40 58.6 - 13.5 = 45.1 DBuA 

650 KHz 520 KHz 300 KHz 1 OOOKHZ 
S l NGER H(DB) SINGER H(DB) SINGER H(DB) SINGER H(DB) 





5.0 PRESENTATION OF RAW SWEPT-FREQUENCY DATA 

This  s e c t i o n  p re sen t s  a l l  t h e  raw swept - f requency  osc i l l og raphs  taken 
d u r i n g  t h e  program i n  t h e  i n d i v i d u a l  mines .  Raw CW d a t a  have  been 
p r e s e n t e d  i n  t a b u l a r  f o r m  i n  c o n j u n c t i o n  w i t h  t h e i r  r e d u c e d  
coun te rpa r t s  i n  Sec t ion  4.0. 

5.1 RAW DATA FROM OCCIDENTAL LOGAN WASH M I N E  

The MF d a t a  t a k e n  a t  t e s t  r a n g e s  of 120  and 240 f e e t  i s  g i v e n  i n  
Figure  91. 

The EF d a t a  taken a t  a  t e s t  range of 120 f e e t  i s  given i n  Figure  92. 

The VHF d a t a  t a k e n  a t  t e s t  r a n g e s  of 120 and  240 f e e t  i s  shown i n  
F i g u r e s  9 3  and  9 4  r e s p e c t i v e l y  f o r  v e r t i c a l  a n d  h o r i z o n t a l  
p o l a r i z a t i o n  with  a x i a l  p o l a r i z a t i o n  d t a  b e i n g  shown f o r  t h e  240-foot 
range i n  Figure 95. 

The UHF d a t a  taken a t  t h e  240-foot  t e s t  r a n g e  i s  g iven  i n  F igures  96 
and 97 r e s p e c t i v e l y  f o r  v e r t i c a l  and h o r i z o n t a l  p o l a r i z a t i o n .  
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5.2 RAW DATA FROM UNITED NUCLEARfHOMESTAKE PARTNERS SECTION 23 M I N E  

The MF d a t a  t a k e n  i n  t h e  Wagner a n d  650  t r a c k  t e s t  a r e a s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  98  and  9 9 .  

The HF d a t a  t a k e n  i n  t h e  Wagner t e s t  a r e a  i s  g i v e n  i n  F i g u r e  100. 

The VHF d a t a  t a k e n  i n  t h e  Wagner a n d  650  t r a c k  t e s t  a r e a s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  101 and 102. 

The UHF d a t a  t a k e n  i n  t h e  Wagner a n d  650 t r a c k  t e s t  a r e a s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  103 and 104. 
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ORIGINAL OSCILLOGRAPHS OF MF SWEPT-FREQUENCY 
DATA TAKEN I N  6 5 0  TRACK AREA OF UNITED NUCLEAR 

SECTION 23 MINE 

TX CURRENT PROBE - RX ANTENNA WlTH FLAT SIDE 
AGAINST M S H  0.3 MITERS CENTER-CENTER 

TX ANTENNA - TX ANTENNA I N  DRIFT CENTER 4.5 
METERS CENTER-CENTER - RX ANTENNA WlTH FLAT 
S lDE AGAINST M S H  0.3 METERS CENTER-CENTER 

NOTE: CURRENT PROBE ON PHONE L I N E  

- 2 1 6  - 



F l  GURE 100 

9EIGINAL OSCILLOGWPHS OF HF SWEPT-FREQUENCY 
DATA TAKEN I N  WAGNER AREA OF SECTION 23 MINE 

TX CURRENT PROBE - RX ANTENNA UNDER 480 VAC 
L INE 1.5 METERS CENTER-CENTER 

480 VAC CABLE - RX ANTENNA T I P  ON CABLE 

, ,, ,\,, , &,.,..~ , .- - .  - - - -  - 

480 VAC CABLE - RX ANTENNA AT DRIFT CENTER 
2.6 METERS CENTER-CENTER SPACING - 217 - 



FIGURE 101 

ORIGINAL  OSCILLOGRAPHS OF VHF SWEPT-FREOUENCY 
DATA T9KEN I N  WAGNER AREA OF UNITED NUCLEAR 

SiCTf ' j ' :  23 ' l l ' !E 

HORIZONTAL BROP,DSIOE ORIENTATION 

VERTICAL ORIENTATION 

HORIZONTAL COLLINEAR ORIENTATION 



OR1 GlNAL OSCl LLOGRAPHS OF VHF SWEPT-FREQUENCY 
DATA TAKEN I N  6 5 0  TRACK AREA OF UNITED HUCLEAR 

SECTION 23 MINE 

VERTICAL ORIENTATION 

HORIZONTAL BROADSIDE ORIENTATION 



FIGURE 103 

OR1 GI NAL OSCl LLOGRAPHS OF UHF SWEPT-FREOUENCY 
DATA TAKEN I N  WAGNER AREA OF UNITED NUCLEAR 

SECTION 2 5  MINE 

HORIZONTAL BROADSIDE ORIENTATION 

VERTICAL OR1 ENTAT ION 

- 220 - 



FIGURE 1 0 4  

OR1 G INAL  OSCl  LLOGRAPHS OF UHF SWEPT-FREQUENCY 
DATA TAKEN I N  6 5 0  TRACK AREA OF UNITED NUCLEAR 

SECTION 23 halNE 

HORIZONTAL BROADSIDE ORIENTATION 

VERTICAL OR1 ENTAT ION 



5.3 RAW DATA FROM KERR-MCGEE HOBBS POTASH FACILITY M I N E  

The MF d a t a  t a k e n  a t  t h e  1 5 0  a n d  3 0 0  f o o t  t e s t  r a n g e s  i s  g i v e n  
r e p e c t i v e l y  i n  F i g u r e s  105 and 106. 

The HF d a t a  t a k e n  a t  t h e  1 5 0  a n d  3 0 0  f o o t  t e s t  r a n g e s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  107 and 108. 

The VHF d a t a  t a k e n  a t  t h e  1 5 0  a n d  3 0 0  f o o t  t e s t  r a n g e s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  109 and 110. 

The UHF d a t a  t a k e n  a t  t h e  1 5 0  a n d  3 0 0  f o o t  t e s t  r a n g e s  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e  111. 

The MF c u r r e n t  p r o b e  c o u p l e d  d a t a  a t  300 f o o t  t e s t  r ange  is  shown i n  
F i g u r e  112. 
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FIGURE 109 
VHF SWEPT FREQUENCY F l  ELD  STRENIXH ?P I  G I  :I!! 
OSCILLOGXAPYS - KE9P \"GEE HOBBS "3T;SH C A C I L I T Y  

150 FEET RANGE 





UHF SWEPT FREOUEYCY F l  ELD jT2.ELIC;TH 32 1 I1- I 'IAL 
OSC l LLOGRAPHS - KER? %GEE HOaDS DOTASH FAC I L l TY 

150 FEET RANC*I 
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5.4 RAW DATA FROM AMAX LEAD C O .  OF MISSOURI B U I C K  M I N E  

The MF and  HE d a t a  t a k e n  a t  t h e  0 6 4  o r e  p a s s  l o c a t i o n  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  113 and 114. 

The MF and H E  d a t a  t a k e n  a t  t h e  0 4 9  o r e  p a s s  l o c a t i o n  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  115 and 116. 

The VHF and  UHF d a t a  t a k e n  a t  t h e  0 6 4  o r e  p a s s  l o c a t i o n  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  117 and 118. 



O R I G I N A L  OSCILLOGRAPHS O F  YF SWEPT-FREQUEVCY 
DATA AT 064 ORE PASS; T X  AT NORTH MIWE Y 

AhAAX LEAD CO. BlJ lCK 4 4 1  FIE 

TX PROBE - RX PROBE 

T X  PROBE - RX ANTENNA 

T X  ANTENNA - RX ANTENNA 

- 232 - 



t I [ - IJKF I I a 

OR1 G I  VAL OSCI LLOGRAPHS OF HF S'VIEPT-FREOUENCY 
DATA AT 064 ORE PASS; TX AT WORTH MINE Y 

ALAAX I FAD CO. 9111 CK *,$I NE 

TX PROBE - RX PROBE 

TX PROBE - RX ANTENNA 

TX ANTENNA - RX ANTENNA 

- 7 7 7  _ 



FlGURE 115 

O R I G I N A L  OSCILLOGRAPHS OF MF SWEPT-FREQUENCY 
DATA AT 049 ORE PASS ; TX AT NORTH 1" NE Y 

AMAX LEPD CO. BI!ICK M INE  

T X  PROBE - RX PROBE 

T X  PROBE - RX ANTENNA 

T X  ANTENNA - RX ANTENNA 



O R I G I  VAL  OSCI LLOGRAPHS OF HF WEPT-FREOUELICY 
DATA AT 349 ORE PASS; TX AT 'JORTH V I N E  Y 

AMAX LEAD CO. B U l C K  b'I NE 

T X  PROBE - RX PROBE 

T X  PROBE - RX ANTENNA 

TX ANTENNA - RX APITE'JNA 



ORIGINAL  OSCILLOGRAPHS OF VHF SWEPT-FREQUENCY 
DATA TAKEN I N  THE NORTH MINE TRACKED HAULAGE- 
WAY AT THE 064 ORE PASS; TX LOCATED AT Y 

M A X  LEAYn PO. 5I.IICK MINE 

HORIZONTAL POLARIZATION 

VERTICAL POLAR1 ZAT I CN 



F l  GIIRE 1 1  8 

oR I  GIIIAL OSC l LLOGRAPHS OF UHF SWEPT-FREOUENCY 
DATA TAKEN I N  THE NORTH MINE TRACKED HAULAGE-. 
WAY AT THE 064 ORE PASS; TX LOCATED AT Y 

K14X LE43 CO. -"1P,% "l'!; 

HORIZONTAL POLARIZATION 

VERTICAL POLARIZATION 

- 237 - 



5.5 RAW DATA FROM MAGMA COPPER CO. SAN MANUEL MINE 

T h e  MF a n d  HF d a t a  t a k e n  i n  t h e  c a r - c l e a n e r  d r i f t  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  1 1 9  and  120 .  

T h e  VHF a n d  UHF d a t a  t a k e n  i n  t h e  c a r - c l e a n e r  d r i f t  i s  g i v e n  
r e s p e c t i v e l y  i n  F i g u r e s  1 2 1  and 1 2 2 .  

The 520 KHz CW t e s t  o s c i l l o g r a p h s  i s  g i v e n  i n  F i g u r e s  1 2 3  t h r o u g h  130 .  
The 1 4 5  KHz CW t e s t  o s c i l l o g r a p h s  i s  g i v e n  i n  F i g u r e s  1 3 1  t h r o u g h  1 3 3 .  



OR1 GI  I4AL OSC I LLOGRAPHS O F  MF SWEPT-FREQUENCY 
DATA TAKEN ON CAR-CLEANER TRACK D R I F T  

'IAGk'A COPPE2 C.O. SA?J *!AIIUEL ! ' IYE 

T X  8 RX ANTENNAS VMD,RX AT I-FT, T X  AT I - F T  

T X  8 QX AYTENNAS COPLANAR HMD I .  I M ABOVE TRACK T X  8 RX ANTENNAS VPID, RX AT 4-FT, T X  A T  I - F l  

- 239 - T X  8 RX ANTENNAS VhlD, RX AT 9-FT, TX 4T  I-FT 



ORIGINAL C 
D4TA TAKEY 

'lAC;IAA 

FIGURE 120 

SCI  LLOG?A?b OF HF SWEPT-FREOUENCY 
OF CAR-CLEANER T?ACK DRIFT 
COPPER C3. SAN MANUEL ??!YE 

TX 8 RX ANTENNAS VMD, RX AT I-FT, TX AT I-FT 

TX % EX ANTENNAS COYLANAR HWD 1 . 1  '4 ABOVE TRACK TX & RX ANTENNAS VMD, RX AT 4-FT, TX AT I-FT 

- 240 - TX 8 RX APJTENNAS VVD, R X  AT 8-FT, TX AT I-FT 



OR1 GlNAL OSCl LLOGRAPHS OF VHF SWEPT-FREOUEIdCY 
DATA TAKEN I N  THE CAR-CLEANER TRACKED DRIFT 

"AGI'A COPPER CO. SAll ''qkIUEL L'INE 

HORl ZONTAL POLAR1 ZAT l ON 

- ~. ~ 

VERTICAL POLARIZATION 



OR1 G lNAL  OSCl LLOGRAPHS OF UHF SWEPT-FREI)UEi.ICY 
DATA TAKEN I N  THE CAR-CLEAFIER TRACKED D R I F T  

VPL:P4A VPPCR CO. SAN MANUEL MINE 

HORIZONTAL POLARIZATION 

VERTICAL POLARIZATION 



ORIGINAL OSCILLOGRAPHS FROM 520 KHZ CARRIER 
PHONE TESTING, VEHICLE-SASE LOCATIONS A - C 

M A W  C F Q ? P  CC). SP:! ' fhMEL Elt:E 

LOCATION A LOCAT ION C 

XMlT FROM LOCO MACHINE SHOP, ZOW I N  VEHICLE CI,CAR<LEANER TURNOUT;3-COG DEPARTURE 
ANTENNA S A M  LEVEL 

LOCAT ION B 

F I RST TURPIOUT 

LOCATION C 
C2,AFTER 3-WG DEP; W B I L E  CANNOT HEA8 

BASE 

:IOTE : 'ECE I YE "9EAW :JOT USED AT THESE LOCAT IONS 



O R I G I N A L  OSCILLOGRAPHS FROV 5 2 0  KHz CARRIER 
PHONE TESTIFJG,VEHlCLE-BASE , LOCATIONS D - G 

%*Gar? CC)-F7 CO. SAi l  MANLFL :4ISE 

LOCATICN D LOCATION F 

ABOUT 5 0 0  FT ALONG SOUTH HAULAGE PAST MIDWAY BETWEEN 3-M)G DEP 6 1 7  SOUTH 
3-DOG DEPARTURE 

P ' r  r +$ 4.AiibL .a ., 11- r . ,  J' .U, ~1~3) 

LOCATION E LOCAT ION G 

AeOIJT 1 0 0 0  FT ALO?IG SOUTH HAULAGE PAST GI, PANEL 17, WIN CROSSCUT 
3-M)G OEPARTURE 

'4~7:: 1 '  " "EA'P 'ICT lLSil) AT THESE LOCATlOlJS 



F l  GURE 1 2 5  

ORIGINAL 0SClLLOGRAPHS FRO\' 520 KHz CARRIER 
PHONE TEST1 NG, VEH ICLE-BASE , LOCAT1 ONS G - J 

&%AC?A COPPER C9. SAbI 'WAUEL IAI'IE 

LOCATION G LOCATION I 

G2,  1 7  SOUTH, t4OISY PANEL 1 7  

LOCAT ION H LOCAT l ON J 
PANEL 17, V A I N  CROSSCU PANEL 17 NORTH 

bJOTE: RECEIVE PQEA'J? 'JOT IJSF9 AT LOCATIONS C. 8 H; 4 L L  LOCPTlO*IS TbESEAFTE" 1 1 S i 3  
TPE PFEAPP w ITI-I 33 Da G A I  h~ 



FIGURE 126 

OR1 G l N A L  OSCl  LLOGRAPHS FROM 5 2 0  KHz CARRIER 
PHONE TESTING, VEHICLE-BASE , LOCATIONS K - M 

LIAUIA COPPER CO. SAN MAYUEL 'IIINE 

LOCATION K LOCAT ION L 

K I ,  PANEL 1 7  V A I N  TOWARD 20 CROSSOVER 

LCCATION K LOCATION W 

G!, W I N  L I N E  17 NORTH/.? HAULAGE NORTH HAULAE-!,CHANGED ANTENNA LOCATION 



ORIGINAL OSCILLOGRAPHS FROM 5 2 0  KHz CARRIER 
PHONE TESTING, VEHICLE-BASE, LOCATIONS N - Q 

MAGMA COPPER m. S,4N ?IP!!L';'L'EL !!I NE 

L K A T I  CN N L K A T I  (W P 

JUST AFTER 20, SEVERAL HUNDRED FEET 100 FT PAST 3 0  CROSSOVER 

LCCATiOtI 5 

OLS DISPATCH SHACK 



FIGURE 128 

OR1 GlNAL OSCl LLOGRAPHS FROhr 520 KHz CARRIER 
WObIE TESTING, VEHICLE-BASE, LOCATIONS R - S 

YAGh4A COPPER CCI. SAIl L.?AYUEL h!lNE 

LOCATION R LOCATION S 

R1,5-SHAFT TURNOUr,PORTABLE(I-2 FT FROM WIRE) SI,AIR WORS,PORTABLE(I-2 FT FROM WIRE) 

LOCATION R LCCAT I CN S 

R ~ , ~ - S H A F T  TURHOLT,VEHICLE S2,A IR  WGRS, VEIHICULAR 



FIGURE I29 

ORI GIPIAL OSCI LLOGRAPHS FROP 520 KHz CARRIER 
PHOLIF TESTING, VEHICLE-BASE, LOCATIONS T - v 

I'AG'JA COPPER CO. S A V  h'AA"IIJEL 'II'JE 

LOCAT1 ON T LOCAT104 V 

BETWEEN A I R  W O R S  VI,ZND SET OF A I R  DOORS,PORTABLE(I-2 FT,WIRE) 

I L K A T I O N  U L.OCAT10N V 

AFTER A I R  DOORS V2,Z:dD SET OF AIF '  DOORS, VEPICULAP. 



F l  GURE 130 

ORIGINAL  O S c l  LLOGRAPHS FROM 520 KHz CARRIER 
PHONE TESTING, VEHICLE-BASE , LOCATIONS W - X 

"AGb'A C9PPER Cc). SArl :'AVUEL <'I NE 

LCCATION W LOCATION W 

wI,?ORTABLE,3-CHARLIE DEPARTURE,VERT LOX W3,SCHARLIE DEPARTuRE,vEHICULAR 

LOCATl ON W 
LOCATIO?I X 

w2 ,FCHARLIE  OEPARTURE,PORTABLE()-2 FT,WIRE) 
HORI Z3h!T4L L30P PORTABLE ,OUTS I DE LOCO SHOP, 1-2 FT FROb,! W I F 



FIGURE 131 

O R I G I N A L  OSCILLOGRAPHS FROM 1 4 5  YHZ CARRIER 
PHONE TESTING, BASE-VEHICLE LOCATIONS G - K 

,IAGL% COPPE9 CO. SALl h 4 k k l ~ ~ ~ ~  ''!':r 

LOCATION G LOCATION K 

GI,NOISE, 17 SOUTH, ?-MITERS FROM WIRE KI ,NOISE PLUS 1 9 0  KHz, 1 7  S O U M  END 

LOCATION G LOCAT ION K 

G2,17 SOUTH K2,AFTER 17-YORTH SWITCH 



ORIGINAL  OSCILLOGRAPHS m O M  145 KHz CARRIER 
PHONE TESTING, BASE-VEHICLE LOCATIONS M - Q 

MA r n ~  CO. se4 r+kr , &>UEL MINE 

LOCATION M 

MI,NOISE, NORTH HAULAGE-I 
LOCATION 0 

LOCATION M LOCATION Q 

M~,NORTH HAULAGE-I QI,NOISE, NEAR 5-SHAFT TURNOUT 



FIGURE 133 
OR1 GlNAL OSCl LLOGRAPHS FKJb" 45 KHz CARRIER 
PHONE TESTING, BASE-VEHICLE , LOCATIONS Q - X 

!4A6YrE, WWER CO. SrVi ,X,?NCEt ;?I!JE 

LOCATION Q 

02,NEAR 5-SHAFT TURNOUT 

LOCAT ION X 

OUTSIDE LOCO SHOP 



5 .6  RAW DATA FROM HECLA M I N I X G  CO.  CON-SIL M I N E  

The MF d a t a  f o r  h o r i z o n t a l  m a g n e t i c  d i p o l e  (HMD) and  c u r r e n t - p r o b e  
e x c i t a t i o n s  i s  g i v e n  i n  F i g u r e  1 3 4 .  S i m i l a r  d a t a  f o r  t h e  v e r t i c a l  
magne t i c  d i p o l e  (VMD) a n t e n n a  o r i e n t a t i o n s  i s  g i v e n  i n  F i g u r e  135.  

The HF d a t a  f o r  s e v e r a l  a n t e n n a  o r i e n t a t i o n s  i s  g i v e n  i n  F i g u r e s  136,  
137 and 138. 

The VHF d a t a  f o r  two r e c e i v i n g  t e s t  l o c a t i o n s  i s  g i v e n  i n  F i g u r e s  139 
and 140 . 
The UHF d a t a  f o r  two r e c e i v i n g  t e s t  l o c a t i o n s  i s  g i v e n  i n  F i g u r e s  141 
and 142. 



O R I G I N A L  OSCILLOGRAPHS OF MF SWEPT-FREQUENCY 
DATA TAKEN ALONG 3000-LEVEL N O R M  CROSSCUT 
HMD 6 PROBE CONFIGURATIOKS 

HECLA CO'I-5 1 L I,,f l NE 

TX d RX ANTENNAS COPLANAR HMO; ANTENNAS AT T X  d RX COPLANAR HMD; ANTENNAS I-FOOT A 6  
D R I F T  CENTER (MIDDLE) TRACK QOTTOM) 

TX 5 RX ANTENNAS BqOADSlDE HMO; ANTENNAS AT TX 6 RX CURRENT PRCBES 
DRIFT  CENTER 



ORIGINAL  OSCILLOGRAPHS OF M F  SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL N O R M  CROSSCUT-VMD 
CONFl G U M T I  ONS - HECLA C9N-S l L ibil idE 

TX a RX ANTENNAS VMD NEAR DRIFT BACK 
HORIZONTAL WITH WIRING BUNDLE (TOP) 

TX 8 RX ANTENNAS VMD AT D R I F T  CENTER (MIDDLE) 

- 256 - 
TX 8 RX ANTENNAS VMD I-FOOT ASOVE TRACK (BOTTOM) 



ORIGINAL OSCILLOGRAPHS OF HF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORTH CROSSCUT-HMD AND 
PROBE CONFIGURATIONS W/O FREQUENCY INDEX 
REFERENCE - HECLA CON-SIL V INE 

TX 6 RX CURRENT PROBES 

TX 8 RX ANTENNAS BROADS I DE HMD AT DRl FT CENTE9 - 257 - 
(MI DOLE) 



FIGURE 137 

ORIGINAL OSCILLOGRAPHS OF HF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORTH CROSSCUT-VM) 
CONFIGURATIONS W/O FREQUENCY INDEX REFERENCE 

HECLA CON-5 I L :'IhlE 

TX & RX ANTENNAS VMD NEAR DRIFT BACK HORlZCNTAL 
WITH WIRE BUNDLING (TOP) 

TX 6 RX ANTENNAS VMD AT DRIFT CENTER (MIDDLE) 

TX 8 RX ANTENNAS VMD I-FOOT 4BOVE TRACK (BOTTOM) - 258 - 



FIGURE 138 

ORIGINAL OSCILLOGMPHS OF HF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORM CROSSCUT-PROBE AND 
VMD CONFEURAT IONS W l TH FREQUENCY l NDEX 
REFERENCE 

HECLA CONrSIL MINE 

TX & RY CURRENT PROBES WlTH 0 DBM INDEX TX 6 RY CURRENT PROBES WITH 20 DBM INDEX 

TX 6 RX ANTENNAS VMD NEAR DRIFT BACK HORIZONTAL TX PROBE, FX ANTENNA-VMD NEAR DRIFT BACK 
WITH WIRING BUNDLE (TOP1 HORIZONTAL WITH W 1 R l  NG BUNDLE (TOP) 



FIGURE 139 

ORIGINAL OSCILLOGRAPHS OF VHF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORM CROSSCUT WITH 
ANTENNAS AT DRIFT CENTER AT LOCATION 1 

TX d RX CURRENT PROBES 

TX d RX ANTENNAS VERTICAL POLARIZATION 

TX & RX ANTENNAS HOQIZONTAL POLASIZATtC!?l 



FIGURE 140 

ORIGINAL OSCILLOGRAPHS OF VHF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORTH CROSSCUT WITH 
ANTENNAS AT DRIFT CENTER AT LOCATION 2 

HECLA c o r t - s ~ ~  MIYE 

TX b RX ANTENNAS VERTlCAL POLARIZATION 

TX 6 RX ANTENNAS HORIZONTAL WLARlZATlON 

- 261 - 



FIGURE 141 

ORIGINAL OSCI LLOGRAPHS OF LHF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORTH CROSSCUT WITH 
AKTENNAS AT DRIFT CENTER AT LOCATION 1 

FlECLA CON-SIL MINE 

TX 6 RX ANTENNAS VERTl CAL POLAR I ZATI  ON-BAND I TX & RX ANTENNAS VERTICAL POLARI ZAT~ON -BAND 2 

TX d RT ANTENNAS HORIZONTAL POLARIZATION-BAND I TX d RX ANTENNAS H3RIZOKTAL F3 L A R I Z A T I O N - ~ A N C ~  

- 262 - 



FIGURE 142 

ORIGINAL OSCILLOGRAPHS OF UHF SWEPT-FREQUENCY 
DATA ALONG 3000-LEVEL NORTH CROSSCUT WITH 
ANTENNAS AT OR1 FT CENTER AT LOCAT I ON 2 

HECLA CON-SIL MINE 

TX & RX ANTENNAS V E m l  CAL WLARIZATION-BAND I TX b RX ANTENNAS VERTICAL POLAR1 ZATION-BAND i 

rX d RX ANTENNAS HORIZONTAL POLARIZATION-BAND TX d RX ANTENNAS HORIZONTAL POLARIZATION-BAND 2 

- 263 - 


