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ELECTROMAGNETIC NOISE I N  MCELROY M I N E  

Two d i f f e r e n t  t e c h n i q u e s  were used t o  make 
measurements o f  t h e  a b s o l u t e  v a l u e  o f  e l e c t r o m a g -  
n e t i c  n o i s e  i n  and above an o p e r a t i n g  c o a l  mine,  
McElroy Mine, l o c a t e d  n e a r  Moundsvi l le ,  Nest V i r g i n i a .  
The e l e c t r o m a g n e t i c  environment  c r e a t e d  by 300 v o l t  
dc  and 480 v o l t  a c  machinery was measured. I n  one 
t e c h n i q u e  n o i s e  was measured o v e r  t h e  e n t i r e  e l e c -  
t r o m a g n e t i c  spect rum o f  i n t e r e s t  f o r  b r i e f  t ime  
p e r i o d s .  The n o i s e  was r e c o r d e d  u s i n g  broadband 
ana log  magnet ic  t a p e .  The n o i s e  d a t a  was l a t e r  
t r ans fo rmed  t o  g i v e  s p e c t r a l  p l o t s .  In  t h e  o t h e r  
t e c h n i q u e ,  n o i s e  ampl i tudes  were r e c o r d e d  a t  
s e v e r a l  d i s c r e t e  f r e q u e n c i e s  f o r  a  s u f f i c i e n t  
l e n g t h  o f  t ime t o  p r o v i d e  ampl i tude  p r o b a b i l i t y  
d i s t r i b u t i o n s .  

The s p e c i f i c ,  measured r e s u l t s  a r e  g iven  i n  a  
number o f  s p e c t r a l  p l o t s  and ampl i tude  p r o b a b i l i t y  
d i s t r i b u t i o n  p l o t s .  

Key words : Amp1 i t u d e  p r o b a b i l i t y  d i s t r i b u t i o n ;  c o a l  
mine n o i s e ;  d i g i t a l  d a t a ;  e l e c t r o m a g n e t i c  communica- 
t i o n s ;  e l e c t r o m a g n e t i c  i n t e r f e r e n c e ;  e l e c t r o m a g n e t i c  
n o i s e ;  F a s t  F o u r i e r  Transform;  Gaussian d i s t r i b u t i o n ;  
impuls ive  n o i s e ;  magnet ic  f i e l d  s t r e n g t h ;  measurement 
i n s t r u m e n t a t i o n ;  s p e c t r a l  d e n s i t y ;  t ime-dependent  
s p e c t r a l  d e n s i t y  . 

INTRODUCTION 

This  r e p o r t  g i v e s  d a t a  concern ing  e l e c t r o m a g n e t i c  n o i s e  

i n  a  c o a l  mine t h a t  u s e d  dc  s h u t t l e - c a r  and r a i l - h a u l a g e  power; 

t h e  remainder  o f  t h e  s e c t i o n  machinery and b e l t  hau lage  used 

a c  power. I n  t h i s  s e c t i o n ,  background i n f o r m a t i o n  and 

a  b r i e f  mine d e s c r i p t i o n  a r e  covered .  I n  S e c t i o n  2 ,  

measurement i n s t r u m e n t a t i o n  i s  d i s c u s s e d .  I n  S e c t i o n  3 ,  

s p e c t r a l  p l o t s  o f  d a t a  a r e  p r e s e n t e d .  I n  S e c t i o n  4 ,  ampl i tude  

p r o b a b i l i t y  d i s t r i b u t i o n s  (APD) of  m a g n e t i c - f i e l d  n o i s e  a r e  

g i v e n .  The l a s t  two s e c t i o n s  cover  c o n c l u s i o n s  and recommendations. 



Only r e p r e s e n t a t i v e  samples o f  t h e  t o t a l  d a t a  measured 

a r e  g iven i n  t h i s  r e p o r t ,  and on ly  a l i m i t e d  s e t  o f  d a t a -  

p r e s e n t a t i o n  formats have been used.  Addi t iona l  d a t a ,  o r  

d a t a  p r e s e n t a t i o n  i n  o t h e r  formats  may be ob ta ined  from 

t h e  au tho r s  wi th  t h e  s p e c i f i c  permiss ion of t h e  Bureau o f  

Mines. A more complete d e s c r i p t i o n  of t h e  measurement systems 

used i s  g iven i n  p rev ious  p u b l i c a t i o n s  [ I ,  41. 

Background 

The need f o r  r e l i a b l e  communication systems i n  mines i s  

a long-s tand ing  problem. For emergency u s e ,  when a l l  power 

i n  a mine i s  o f f ,  t h e  r e s i d u a l  e lec t romagne t ic  no i se  i s  no 

problem. However, i f  a communication system were des igned only  

f o r  emergency use ,  it would have two s e r i o u s  drawbacks. F i r s t ,  

it  would no t  be ready f o r  immediate use  i n  an emergency; second,  

i t  would no t  be of  any va lue  dur ing  normal o p e r a t i o n s .  There-  

f o r e ,  t h e  Bureau of  Mines decided t o  des ign  a communication 

system t h a t  could be used f o r  both  emergency and normal ope ra -  

t i o n a l  c o n d i t i o n s .  

During o p e r a t i o n ,  t h e  e l e c t r i c a l  machinery used i n  mines 

c r e a t e s  a wide range of  many types  o f  i n t e n s e  e lec t romagne t ic  

i n t e r f e r e n c e  (EMI) . This  EM1 i s  a major l i m i t i n g  f a c t o r  i n  

t h e  des ign  of  a communication system. 

The work r e p o r t e d  he re  g ives  t h e  r e s u l t s  of  comprehensive 

measurements of  t h i s  EM1 i n  c r i t i c a l  communication l o c a t i o n s  

where miners e x t r a c t  c o a l ,  a s  wel l  a s  a long  haulageways. 

There a r e  s e v e r a l  EM1 parameters  t h a t  can be measured: 

magnetic f i e l d  s t r e n g t h ,  H;  e l e c t r i c  f i e l d  s t r e n g t h ,  E ;  con- 
ducted c u r r e n t ,  I ;  and v o l t a g e ,  V ,  between two conductors .  

One parameter  was emphasized, magnetic f i e l d  s t r e n g t h .  There 

a r e  s e v e r a l  r ea sons .  F i r s t ,  e l e c t r i c  f i e l d  s enso r s  a r e  very  



i n s e n s i t i v e  a t  lower f r e q u e n c i e s ,  and hence p robab ly  w i l l  

n o t  b e  u s e f u l  i n  any p r a c t i c a l  mine communication sys tem.  

Second, a t  any a i r - e a r t h  i n t e r f a c e ,  o n l y  t h e  magnet ic  f i e l d  

i s  e s s e n t i a l l y  u n d i s t u r b e d ,  w h i l e  t h e  e l e c t r i c  f i e l d  i s  
- - s e v e r e l y  reduced .  T h i r d ,  any c u r r e n t s  w i l l  induce  magnet ic  

f i e l d s ,  and hence measurement o f  t h e  magnetic  f i e l d  w i l l  
- .  d i r e c t l y  s e n s e  c u r r e n t s .  F o u r t h ,  power l i n e  v o l t a g e s  a r e  

p ropaga ted  a s  t r a n s m i s s i o n  l i n e  phenomena, a r e  d i r e c t l y  

r e l a t e d  t o  t r a n s m i s s i o n  l i n e  c u r r e n t s ,  and hence t o  magnet ic  

f i e l d s  induced.  Thus, measuring magnet ic  f i e l d  s t r e n g t h  

g i v e s  a r e p r e s e n t a t i v e  composi te  p i c t u r e  of  n o i s e  from 

c u r r e n t s  and v o l t a g e s  from most s o u r c e s ,  a s  w e l l  a s  measuring 

t h e  magnetic  f i e l d s  induced by a r c i n g  equipment .  

Although magnet ic  f i e l d  s t r e n g t h  measurements a r e  empha- 

s i z e d ,  t h i s  pa ramete r  i s  d i f f i c u l t  t o  measure mean ingfu l ly .  

The IEEE d e f i n i t i o n  [2 ]  o f  magnet ic  f i e l d  s t r e n g t h ,  H (magni- 

t u d e  o f  t h e  magnetic  f i e l d  v e c t o r ) ,  i s  used i n  t h i s  r e p o r t .  

S i n c e  t h e r e  a r e  a  m u l t i t u d e  o f  d i f f e r e n t  s o u r c e s  t h a t  g e n e r a t e  

a l l  known t y p e s  o f  n o i s e ,  t h e  r e s u l t a n t  magnetic  f i e l d  s t r e n g t h  

n o i s e  v e c t o r  i s  a  f u n c t i o n  o f  f r equency ,  t i m e ,  o r i e n t a t i o n ,  

and l o c a t i o n .  Small v a r i a t i o n s  i n  t h e s e  pa ramete r s  can  c a u s e  

s e v e r a l  o r d e r s  o f  magnitude d i f f e r e n c e  i n  measured f i e l d  

s t r e n g t h .  

1 . 2  Mine D e s c r i p t i o n  

The r e s u l t s  and d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  based 

on measurements made on A p r i l  10  and 1 2 ,  1973,  i n  t h e  McElroy 

Coal Mine, n e a r  Moundsvi l le ,  West V i r g i n i a .  The mine belongs  

t o  t h e  C o n s o l i d a t i o n  Coal Company. Room-and-pi l la r  mining 

t e c h n i q u e s  a r e  used .  The measurements were made p r i m a r i l y  

i n  s e c t i o n  1 - l e f t ,  1 - n o r t h .  The overburden i n  t h i s  a r e a  i s  

200 t o  275 m e t e r s .  



Vin ing  i s  accompl ished  us  i n g  a  c o n t i n u o u s  m i n e r ,  head-  

l o a d e r ,  s h u t t l e - c a r s  (bugg ies )  , conveyor b e l t ,  and e l e c t r i c -  

t r o l l e y  h a u l a g e .  The e l e c t r i c  t r o l l e y  and t h e  s h u t t l e - c a r s  

were powered by 300 v o l t s  d c .  A l l  o t h e r  equ ipmen t s ,  i n c l u d i n g  

, f a n s  and rock  d u s t i n g  machines ,  were a c  powered. The con-  

t i n u o u s  miner  had  a  t e l e s c o p i n g  f e a t u r e  t o  a l l o w  r o o f  

b o l t i n g  s i m u l t a n e o u s  w i t h  mining .  No one had t o  work under  

r o o f i n g  t h a t  had  n o t  been  b o l t e d .  



2 .  MEASUREMENT INSTRUMENTAT ION 

Two measurement t e c h n i q u e s  were u s e d .  I n  t h e  f i r s t  t e c h -  

n i q u e  u s e d ,  a  l a r g e  p o r t i o n  o f  t h e  s p e c t r u m  i s  c o v e r e d  a s  a 

" snapsho t1 '  a t  one r e l a t i v e l y  s h o r t  p e r i o d  o f  t i m e .  In  t h r e e -  
. - 

d i m e n s i o n a l  fo rm,  s e v e r a l  such  " s n a p s h o t s "  can show how d r a s t i  - 

c a l l y  a  s i g n a l  v a r i e s ,  n o t  o n l y  w i t h  f r e q u e n c y ,  b u t  a l s o  

w i t h  t i m e .  I n  t h e  s econd  t e c h n i q u e ,  v a r i a t i o n s  o v e r  a  2 0 -  

minute  t ime  i n t e r v a l  a r e  measured a t  a  s i n g l e  f r e q u e n c y .  

U s u a l l y ,  a  s e t  o f  t w e l v e  d i f f e r e n t  f r e q u e n c i e s  was used .  

Both t e c h n i q u e s  were u s e d  t o  measure  two o r t h o g o n a l  compo- 

n e n t s  o f  magne t i c  f i e l d  s t r e n g t h .  T h i s  was done e i t h e r  by 

u s i n g  two sys t ems  s i m u l t a n e o u s l y  o r  by v a r y i n g  t h e  o r i e n t a -  

t i o n  o f  one s y s t e m ;  b o t h  t e c h n i q u e s  were u s e d  i n  a s  many 

d i f f e r e n t  l o c a t i o n s  a s  p o s s i b l e .  

With t h e  e x c e p t i o n  of  t h e  r o o f  b o l t  APD p l o t s ,  a l l  meas-  

u r e d  n o i s e  i s  r e p o r t e d  i n  a b s o l u t e  q u a n t i t i e s  ( i n s t e a d  o f  

r e l a t i v e )  t o  a l l o w  o t h e r s  t o  make e f f e c t i v e  u s e  o f  t h e  d a t a .  

For  t h e  magne t i c  f i e l d  s t r e n g t h  measurements ,  t h e  NBS f i e l d  

c a l i b r a t i o n  s i t e  was u s e d  w i t h  e a c h  comple t e  measurement s y s -  

tem t o  a s s u r e  c o r r e c t  c a l i b r a t i o n  [ 3 ]  . 
A c o m p l i c a t i o n  t o  making t h e s e  measurements  i s  t h e  mine 

e n v i r o n m e n t ,  which i s  g e n e r a l l y  humid,  d u s t y ,  p o o r l y  l i g h t e d . ,  

and p o t e n t i a l l y  e x p l o s i v e .  B a t t e r y - o p e r a t e d ,  dus  t - p r o t e c t e d ,  

p e r m i s s i b l e  g e a r  was u s e d  f o r  most  o f  o u r  p o r t a b l e  measu r ing  

equ ipmen t .  

There  a r e  two t y p e s  o f  n o i s e  r e c o r d e d  i n  t h e  s p e c t r a l  p l o t s ,  

and hence  two d i f f e r e n t  m a g n e t i c - f i e l d - s t r e n g t h  p a r a m e t e r s  a r e  

r e q u i r e d ,  Ii and H d .  R e s u l t s  a r e  g i v e n  a s  t h e  rms v a l u e  o f  one 

component of  m a g n e t i c  f i e l d  s t r e n g t h ,  H ,  v e r s u s  f r e q u e n c y  f o r  

d i s c r e t e  f r e q u e n c i e s ,  o r  a s  one component o f  m a g n e t i c - f i e l d -  

s t r e n g t h  spec t rum d e n s i t y  l e v e l  [ 2 ]  , H d ,  v e r s u s  f r e q u e n c y  f o r  

b roadband n o i s e  i n  t h e  s p e c t r a l  p l o t s .  I n  t h e  a m p l i t u d e  

p r o b a b i l i t y  d i s t r i b u t i o n s ,  r e s u l t s  a r e  g i v e n  a s  t h e  r m s  v a l u e  



of  one component o f  t h e  i n s t a n t a n e o u s  magnet ic  f i e l d  s t r e n g t h  

v e r s u s  p e r c e n t  of t ime  t h i s  v a l u e  i s  exceeded.  The APD g i v e s  

t h e  d i s t r i b u t i o n  o f  t h e  a c t u a l  i n s t a n t a n e o u s  v a l u e  o n l y  a s  

f a r  a s  t h e  measurement-system d e t e c t o r  bandwidth w i l l  a l l o w  

t h e  d e t e c t o r  t o  f o l l o w  t h e  t ime v a r i a t i o n s  o f  t h e  a c t u a l  

magne t i c  f i e l d .  ( I n  t h i s  c o n t e x t ,  n o i s e  e n v e l o p e  i s  some- 

t i m e s  u s e d . )  Thus,  t h e  r e s u l t s  a r e  a p p l i c a b l e  f o r  a  com- 

munica t ion  r e c e i v e r  whose bandwidth i s  s i m i l a r  t o  t h e  

measurement - s y s  tern d e t e c t o r  bandwidth .  

Three  measurement sys tems were used  t o  make measurements 

underground.  The t h r e e  sys tems a r e  d e s c r i b e d  i n  t h e  b l o c k  

d iagrams shown i n  f i g u r e s  2 - 1 ,  2 - 2 ,  and 2 -3 .  F i g u r e s  a r e  

l o c a t e d  a t  t h e  end o f  e a c h  s e c t i o n  i n  t h i s  r e p o r t .  For a  

d e t a i l e d  d e s c r i p t i o n  of t h e s e  s y s  tems , s e e  p r e v i o u s  p u b l i c a -  

t i o n s  [ 1 , 4 ] .  The sys t ems  u s e d  i n  McElroy a r e  t h e  same a s  

t h o s e  u s e d  i n  Grace .  

I n  t h e  f i r s t  s y s t e m ,  d a t a  i s  measured f o r  s p e c t r a l  p l o t s  

and i s  f u l l y  mine p e r m i s s i b l e  and p o r t a b l e .  I n  t h e  second 

s y s t e m ,  d a t a  i s  measured f o r  s t a t i s t i c a l  d e s c r i p t i o n s  o f  t ime  

v a r i a t i o n s ,  most commonly ampl i tude  p r o b a b i l i t y  d i s t r i b u t i o n ;  

i t  i s  a l s o  p e r m i s s i b l e .  The t h i r d  sys t em i s  n o t  p e r m i s s i b l e  

b u t  i s  p o r t a b l e  (wi th  c o n s i d e r a b l e  e f f o r t )  ; i t  r e c o r d s  d a t a  

f o r  b o t h  s p e c t r a l  p l o t s  and s t a t i s t i c a l  p r e s e n t a t i o n s .  
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3 .  SPECTRUM MEASUREMENT RESULTS 

< 

3 .1  I n t r o d u c t i o n  

In  t h i s  s e c t i o n  o f  t h e  r e p o r t ,  spectrum p l o t s  a r e  

p r e sen t ed  and d i s c u s s e d .  Most o f  t h e s e  p l o t s  p r e s e n t  magnetic 

f i e l d  s t r e n g t h  up t o  1 0 0  kHz. Measurements were made a t  many 

d i f f e r e n t  l o c a t i o n s  and r e s u l t s  can be used t o  c h a r a c t e r i z e  

e l ec t romagne t i c  n o i s e  l e v e l s  generated by most f i x e d  and 

mobile equipment used i n  t h i s  mine. 

3.2 Antenna S i t e s  

Figure  3 -1  is  a  map o f  s e c t i o n  1 - l e f t  1 - n o r t h  a s  it was 

on Apr i l  10 ,  1973 when t h e  f i r s t  day of  measurements were 

made. In  t h e  mining o p e r a t i o n ,  f o u r  e n t r i e s  a r e  d r iven  forward 

and a r e  i d e n t i f i e d  on f i g u r e  3-1 ,  from r i g h t  t o  l e f t :  power 

e n t r y ,  r a i l  e n t r y  ( t r o l l e y  t r a c k s ) ,  b e l t  e n t r y ,  and r e t u r n  

a i r  e n t r y .  Noise spectrum measurements were t aken  i n  7 l o c a -  

t i o n s  t h e  f i r s t  day and a r e  des igna t ed  by l e t t e r s  A through 

G on f i g u r e  3 -1 .  Resu l t s  a r e  r epo r t ed  from measurements 

t aken  a t  f i v e  l o c a t i o n s  on t h e  second day,  fou r  of  which a r e  

des igna ted  by l e t t e r s  A through D on f i g u r e  3-2. 

3 . 3  E lec t romanne t ic  Noise Spectrum Resu l t s  

3 .3 .1  I n t e r p r e t a t i o n  

When read ing  va lues  from t h e  s p e c t r a  i n  t h i s  r e p o r t ,  

t h e  fo l lowing  p o i n t s  should be kep t  i n  mind: 

1. F i e l d  s t r e n g t h  va lues  above t h e  upper r o l l - o f f  

f requency and below t h e  lower r o l l - o f f  frequency a r e  

n o t  c a l i b r a t e d  and a r e  t h e r e f o r e  no t  shown on most 

s p e c t r a .  

2 .  The c o r r e c t  u n i t s  f o r  t h e  s p e c t r a l  peaks a r e  micro 

amperes per  meter  (pA/m), a s  t h e s e  a r e  cw s i g n a l s .  



3.  The broadband n o i s e  between s p e c t r a l  peaks i s  a s  

s e e n  by a  r e c e i v e r  having t h e  same bandwidth a s  t h e  F a s t  

F o u r i e r  Transform (FFT) s p e c t r a l  r e s o l u t i o n  bandwidth 

used t o  compute t h e  spect rum.  The c o r r e c t  u n i t s  f o r  t h e  

background n o i s e  between peaks a r e  microamperes p e r  meter  

p e r  s q u a r e  r o o t  x h e r t z  [ ( p ~ / m ) / m ] ,  where x  i s  t h e  

s p e c t r a l  r e s o l u t i o n  o f  t h e  FFT (x e q u a l s  78 .1  H z  f o r  t h e  

1-to-100-kHz g r a p h s ) .  

An easy  way t o  o b t a i n  t h e  s p e c t r a l  d e n s i t y  p e r  (one) 

r o o t  h e r t z  f o r  broadband n o i s e  i s  t o  s u b t r a c t  t h e  r e q u i r e d  

number o f  dB, remembering t h a t  t h e  u n i t s  have now changed t o  

( p A / m ) / a .  For s p e c t r a  w i t h  a  r e s o l u t i o n  bandwidth of  78 .1  

H z ,  s u b t r a c t  10 loglO (78.1)  o r  18 .93  dB. 

The Appendix g i v e s  t h e  code key used i n  de te rmin ing  t h e  

meaning o f  t h e  numbers i n  t h e  header  b lock  a t  t h e  t o p  of  

each  spect rum.  The r e s o l u t i o n  bandwidth i s  a l s o  g iven  on t h e  

o r d i n a t e  o f  t h e  p l o t s .  

3 .3 .2  U n c e r t a i n t i e s  

The s p e c t r a  t o  100 kHz, t o  3  kHz, and t o  20 kHz have 

u n c e r t a i n t i e s  of  2 1 dB o v e r  t h e  f o l l o w i n g  p o r t i o n s  of  t h e  

s p e c t r a .  The 100 kHz s p e c t r a  a r e  v a l i d  e i t h e r  from 1 t o  100 

kHz o r  10  kHz t o  100 kHz a s  s t a t e d  o r  shown. The 3  kHz s p e c t r a  

have a  4 1 dB u n c e r t a i n t y  from 100 H z  t o  3  kHz. The 20 kHz 

s p e c t r a  have an u n c e r t a i n t y  of  4 I dB from 750 H z  t o  20 kHz. 

The s p e c t r a  shown t o  180 kHz have an  u n c e r t a i n t y  of  2 2 dB 

from 3  kHz t o  180 kHz. 

3 . 3 . 3  S e c t i o n  Measurements 

F i g u r e  3 - 3 ,  upper c u r v e ,  shows t h e  magnet ic  f i e l d  n o i s e  

spect rum from 1 kHz t o  100 kHz r e c e i v e d  a t  t h e  an tenna  l o c a -  

t i o n  i d e n t i f i e d  a s  C ( i n  f i g u r e  3 - 1 ) .  Loca t ion  C i s  t h e  s e c t i o n  



power c e n t e r  and c o n t a i n s  t h e  step-down t r a n s f o r m e r  and 

r e c t i f i e r .  C i s  one o f  t h e  n o i s i e r  l o c a t i o n s  i n  t h e  mine (a  

s m a l l  band o f  f r e q u e n c i e s  around 10 kHz measured a t  l o c a t i o n  

B on t h e  second day was 8  dB h i g h e r ) .  Th i s  s t e a d y  background 

n o i s e  i s  made up p r i m a r i l y  of  harmonics o f  360 H z ,  produced 

when t h r e e - p h a s e ,  60 H z  power i s  f u l l - w a v e  r e c t i f i e d .  F igure  

3-4 shows t h e  expanded spect rum measured a t  l o c a t i o n  C .  Th i s  

spect rum i s  one of  t h e  s t r o n g e s t  measured i n  t h e  mine. Oddly, 

w h i l e  m u l t i p l e s  o f  360 H z  ( 6 t h  harmonic of  60 Hz) predominate 

e l sewhere  i n  t h e  mine, i n  t h i s  c a s e ,  harmonics 60 H z  on e i t h e r  

s i d e  o f  m u l t i p l e s  of  360 H z  predominate .  

F i g u r e  3 -5  shows t h e  n o i s e  spect rum measured two mete r s  

from t h e  con t inuous  miner  ( l o c a t i o n  D on f i g u r e  3 - 1 ) .  This  

l o c a t i o n  was a l s o  a  r e l a t i v e l y  n o i s y  l o c a t i o n  i n  t h e  mine i n  

t h e  f requency  range  from 20 kHz t o  60 kHz. With t h e  head- 

l o a d e r  o p e r a t i n g ,  and t h e  miner  n o t  o p e r a t i n g ,  t h e  n o i s e  

spect rum i s  s i m i l a r  t o  f i g u r e  3 - 5 .  With b o t h  t h e  miner  and 

h e a d - l o a d e r  n o t  o p e r a t i n g ,  t h e  n o i s e  above 10 kHz d rops  6  

t o  10 dB. 

F i g u r e s  3 -6  and 3-7  show n o i s e  s p e c t r a  measured a t  l o c a -  

t i o n  E .  A measurement made 30 minutes  l a t e r  showed a  1 0  dB 

i n c r e a s e  from 8  t o  1 2  kHz and a  3  t o  5  dB d e c r e a s e  from 25 

t o  60 kHz. F i g u r e  3-8 shows t h e  n o i s e  spect rum measured a t  

l o c a t i o n  F. This  spect rum was t a k e n  when most equipment i n  

t h e  mine was n o t  working. The n o i s e  spectrum has  about  t h e  

same shape a s  shown i n  t h e  p r e v i o u s  l o c a t i o n ,  b u t  a t  l o c a t i o n  

F, t h e  n o i s e  i s  5  t o  1 4  dB l e s s  from 5  t o  60 kHz. Th i s  f i g u r e  

a l s o  shows t h e  s i g n a l  from t h e  100 kHz mine phone. 

F i g u r e s  3-9  and 3-10 show t h e  n o i s e  measured a t  l o c a t i o n  

B on t h e  f i r s t  day ,  w i t h  no equipment runn ing .  F i g u r e s  3-11 

and 3-12 show t h e  n o i s e  measured a t  t h e  same l o c a t i o n  l a t e r  

when a l l  t h e  mining equipment was working and about  1 5  mete r s  

d i s t a n t .  The l a t t e r  two f i g u r e s  show a  n o i s e  i n c r e a s e  of  

8 t o  30 dB, depending on f requency ,  when t h e  f a c e  machinery 

1 5  me te r s  d i s t a n t  was working.  



The q u i e t e s t  l o c a t i o n  measured i n  McElroy mine was i n  

t h e  r e t u r n  a i r  e n t r y ,  d u r i n g  s h i f t  change.  Th i s  a r e a  i s  

d e s i g n a t e d  by l e t t e r  G on f i g u r e  3-1 ,  and i s  l o c a t e d  55 mete r s  

from t h e  power c e n t e r .  F i g u r e s  3-13 and 3-14 show one o f  

t h e  s t r o n g e s t  o f  t h e  t h r e e  o r thogona l  components measured a t  

l o c a t i o n  G .  The an tenna  s e n s i t i v e  a x i s  was h o r i z o n t a l  and 

p a r a l l e l  w i t h  t h e  r e t u r n - a i r - e n t r y .  The spect rum t a k e n  w i t h  

t h e  an tenna  s e n s i t i v e  a x i s  h o r i z o n t a l  and p e r p e n d i c u l a r  t o  

t h e  r e t u r n - a i r - e n t r y  shows t h e  harmonics t o  be w i t h i n  6  t o  

10  dB of  t h o s e  shown i n  f i g u r e  3-14.  The spect rum of t h e  

v e r t i c a l  n o i s e  shows about  1 3  dB h i g h e r  n o i s e  l e v e l s  a t  t h e  

low end and abou t  2 2  dB lower a t  t h e  h igh  end o f  t h e  spectrum 

t h a n  t h e  h o r i z o n t a l ,  p a r a l l e l  spect rum shown i n  f i g u r e  3-14.  

The c r o s s o v e r  occurs  n e a r  500 Hz. Measurements made i n  t h e  

same l o c a t i o n  2 days l a t e r  ( l e t t e r  D ,  f i g u r e  3-2)  d u r i n g  

s h i f t  change,  and a l s o  a f t e r  t h e  mine had c l o s e d  f o r  a  s t r i k e ,  

show t h a t  t h e  n o i s e  was w i t h i n  a  few dB of  t h a t  shown on 

f i g u r e  3-13.  This  r e t u r n - a i r  - e n t r y  l o c a t i o n  i s  unusual  i n  

t h a t  t h e  n o i s e  r e c e i v e d  w i t h  t h e  an tenna  a x i s  h o r i z o n t a l  

was s t r o n g e r  t h a n  f o r  t h e  an tenna  a x i s  v e r t i c a l .  

The n o i s e  measured a t  t h e  s e c t i o n  power c e n t e r  w i t h  t h e  

mine runn ing  ( n o i s y  l o c a t i o n ) ,  w i t h  t h e  an tenna  a x i s  v e r t i c a l ,  

i s  40 t o  60 dB s t r o n g e r  over  t h e  1 t o  100 kHz f requency  range  

t h a n  t h e  n o i s e  measured i n  t h e  r e t u r n - a i r - e n t r y  ( q u i e t  l o c a -  

t i o n ) ,  between s h i f t s ,  w i t h  t h e  an tenna  a x i s  v e r t i c a l .  

Measurements were t a k e n  w i t h  t h e  t h i r d  measurement system 

i n  a  c r o s s c u t  shown a s  l o c a t i o n  A on f i g u r e  3-2 i n  t h e  i m -  

med ia te  (one t o  t h r e e  mete r s )  v i c i n i t y  o f  a  con t inuous  miner  

and s u p p o r t i n g  s h u t t l e  b u g g i e s .  F i g u r e s  3-15 through 3-22 

show s p e c t r a  o f  n o i s e  g e n e r a t e d  by t h i s  machinery.  F i g u r e  

3-23 shows f i e l d  l e v e l s  g e n e r a t e d  by an  impulse i n  t h i s  same 

l o c a t i o n .  



3.3 .4  Haulageway Measurements 

On Apr i l  1 2 ,  1973, t h e  second day i n  t h e  mine, measure- 

ments were made a t  t h r e e  l o c a t i o n s  a long  t h e  mine haulageway. 

Figures  3-24 and 3-25 show t h e  v e r t i c a l - a n t e n n a - a x i s  

n o i s e  spectrum measured a t  t h e  po in t  i n  t h e  haulageway where 

men board man- t r i p s  f o r  t r a n s p o r t a t i o n  t o  t h e  working s e c t i o n s .  

No t r a i n s  were i n  t h e  v i c i n i t y  when t h e  measurement was made. 

This p o i n t  i s  n e a r  t h e  bottom of an e l e v a t o r  s h a f t  and i s  

s e v e r a l  k i lomete rs  from t h e  l o c a t i o n s  measured i n  s e c t i o n  

1 - l e f t ,  1 - n o r t h .  Between 5  and 60 kHz t h e  n o i s e  r ece ived  

wi th  t h e  antenna s e n s i t i v e  a x i s  v e r t i c a l  was s t r o n g e r  by 10 

t o  20 dB than  t h e  n o i s e  r ece ived  f o r  h o r i z o n t a l  antenna a x i s  

o r i e n t a t i o n .  Here, a s  i n  most o t h e r  l o c a t i o n s ,  t h e  n o i s e  i s  

p r i m a r i l y  p o w e r l i n e - r e l a t e d  m u l t i p l e s  of 360 H z .  The spectrum 

shape was s l i g h t l y  d i f f e r e n t .  For example, t h e  r e l a t i v e  mini-  

mum was a t  25 kHz i n s t e a d  of 2 2  kHz. Below 2 kHz, t h e  no i se  

r ece ived  on t h e  antenna wi th  t h e  s e n s i t i v e  a x i s  h o r i z o n t a l  

was 8  t o  15 dB s t r o n g e r  t han  t h e  no i se  shown on f i g u r e  3-25. 

A t  t h i s  l o c a t i o n ,  t h e  100 kHz unmodulated c a r r i e r  s i g n a l  

s t r e n g t h  from a  mine phone on a  p o r t a l - b u s  210 meters away 

was measured a s  4 7  dB pA/m.  

A second haulageway l o c a t i o n  where n o i s e  was measured 

was on t h e  ma in - l i ne  haulage nea r  s e c t i o n  1 - l e f t ,  1 - n o r t h .  

This l o c a t i o n  i s  l e t t e r e d  B on f i g u r e  3-2. F igures  3-26 

and 3-27 show t h e  n o i s e  recorded  dur ing  t h e  pass ing  of a  

r a p i d l y  moving t r a i n  t h a t  was drawing power. The n o i s e  

a t  t h i s  l o c a t i o n  was found t o  vary  more t han  i n  o t h e r  l o c a -  

t i o n s .  Other s p e c t r a  t aken  here  showed 10 t o  20 dB lower 

no i se  than  f i g u r e  3 - 2 6  f o r  t r a i n s  moving s lowly ,  o r  f o r  t h e  

absence o f  t r a i n s .  A s  an i l l u s t r a t i o n ,  f i g u r e  3-28 shows 

t h e  spectrum from 100 Hz t o  3  kHz f o r  a  t r a i n  of  empty c a r s  



moving s l o w l y .  From t h i s  i t  can  be s e e n  t h a t  a  t r a n s i e n t  h a s  

b r i e f l y  r a i s e d  t h e  background l e v e l  o f  t h e  p r e v i o u s  spec t rum,  

f i g u r e  3 -27 .  While a t  l o c a t i o n  B ,  second d a y ,  a  100 kHz 

t r o l l e y  phone s i g n a l  f rom a  remote l o c a t i o n  was measured a s  

. - 
2 7  dB r e l a t i v e  t o  1 yA/m.  

The t h i r d  l o c a t i o n  a l o n g  a  haulageway where n o i s e  was 

measured i s  l e t t e r e d  C on f i g u r e  3-2 .  Th i s  l o c a t i o n  i s  on 

t h e  o p p o s i t e  s i d e  o f  t h e  r e c i r c u l a t i n g  "run - a round t t  f rom 

l o c a t i o n  B .  The l e f t  s i d e  o f  t h e  run -a round  i s  k e p t  s u p p l i e d  

w i t h  empty c o a l  c a r s .  An a u t o m a t i c  c a r - p u l l  l o c a t e d  a t  C 

moves t h e  empty c a r s  fo rward  a s  t h e  c o a l  coming o f f  t h e  con-  

veyor  b e l t  "headpiece"  f i l l s  t h e  c a r s .  F u l l  c a r s  a r e  t h e n  

p e r i o d i c a l l y  removed from t h e  r i g h t  hand s i d e  o f  t h e  r u n -  

a round .  F i g u r e s  3-29 and 3-30 show t h e  n o i s e  measured a t  

l o c a t i o n  C .  A t  t h i s  t i m e ,  t h e  conveyor b e l t  and t h e  c a r  p u l l  

were r u n n i n g .  

Data from measurements t a k e n  a t  t h e  end o f  a  r a i l  h a u l a g e ,  

l o c a t i o n  A i n  f i g u r e  3 - 1 ,  a r e  shown i n  f i g u r e s  3 -31  and 3-32 .  

These d a t a  were t a k e n  w i t h  t h e  t h i r d  measurement sys tem.  

3 .3 .5  Arc Welder Measurement 

On t h e  second day i n  t h e  mine ,  t h e  f a c e  had advanced a s  

shown i n  f i g u r e  3 - 2 .  F i g u r e  3-33 shows t h e  n o i s e  measured 

i n  l o c a t i o n  A i n  f i g u r e  3 - 2  ( t h e  a r c  we lde r  was n o t  o p e r a t i n g ) .  

L a t e r ,  a  h e l i u m - g a s - s h i e l d e d  a r c  we lde r  began o p e r a t i o n .  The 

we lde r  used  a c  i n p u t  v o l t a g e ,  and d e l i v e r e d  250 amperes a t  

30 v o l t s  t o  t h e  we ld ing  r o d .  F i g u r e  3-34 shows t h e  spec t rum 

measured w i t h  t h e  we lde r  drawing f u l l  c u r r e n t .  The a n t e n n a  

was abou t  1 5  m e t e r s  away. The spec t rum w i t h  t h e  we lde r  

o p e r a t i n g  i s  lower  t h a n  w i t h  t h e  we lde r  o f f  by a s  much a s  

1 6  dB a t  some f r e q u e n c i e s .  A q u i e t  c r a c k l i n g ,  sounding  l i k e  

g r e a s e  f r y i n g ,  was hea rd  on t h e  a u d i o  m o n i t o r .  T h i s  i n d i c a t e s  



t h a t  t h i s  p a r t i c u l a r  we lde r  produced no s t r o n g  s p e c t r a l  com- 

p o n e n t s .  I t  d i d  produce  some i m p u l s e s ,  b u t  t h e y  were g e n e r a l l y  

o f  a  s m a l l e r  a m p l i t u d e  t h a n  t h o s e  a s s o c i a t e d  w i t h  s w i t c h i n g  

t r a n s i e n t s  from s e c t  i o n  mining equipment .  

3 .3 .6  S u r f a c e  Measurements 
- 

Noise measurements were made on t h e  s u r f a c e  o f  t h e  

ground,  above t h e  mine ,  a t  5:25 p.m. on A p r i l  11, 1973.  The 

l o c a t i o n  was a  r u r a l  h i l l t o p  o v e r  1 l e f t ,  1 n o r t h .  The 

a n t e n n a  s i t e  was 1 2  m e t e r s  from a  r u r a l ,  s i n g l e - p h a s e  d i s t r i -  

b u t i o n  power l i n e .  The s i t e  was a b o u t  one k i l o m e t e r  f rom a  

l a r g e ,  h i g h  t e n s i o n  l i n e .  F i g u r e s  3-35  and 3-36 show t h e  

spec t rum measured on t h e  s u r f a c e  w i t h  t h e  a n t e n n a  s e n s i t i v e  

a x i s  p o i n t i n g  N-S and p a r a l l e l  t o  t h e  l o c a l  power l i n e .  Th i s  

f i g u r e  shows many man-made t r a n s m i t t e d  s i g n a l s ,  a s  w e l l  a s  

what a p p e a r s  t o  be  some a t m o s p h e r i c  n o i s e  i n  t h e  r e g i o n  below 

30 kHz. The ene rgy  shown around 100 kHz i s  b r o a d c a s t  by a  

Loran-C n a v i g a t i o n  sys t em.  Note t h e  s i g n a l  from t h e  N a t i o n a l  

Bureau o f  S t a n d a r d s  WWVB, f r e q u e n c y - a n d - t i m e  r a d i o  s t a t i o n  

t r a n s m i s s i o n  a t  60 kHz. T h i s  t r a n s m i t t e r  i s  l o c a t e d  n e a r  

F o r t  C o l l i n s ,  Co lo rado .  S u r f a c e  n o i s e  measurements were made 

i n  a l l  3  o r t h o g o n a l  d i r e c t i o n s  ; however,  o n l y  one d i r e c t i o n  

(N-S) i s  shown. The o t h e r  o r t h o g o n a l  d i r e c t i o n s  showed lower 

s i g n a l  s t r e n g t h s  from man-made c a r r i e r s  and more momentary 

broadband s f e r i c s  . 
Other  s p e c t r a l  p l o t s  t a k e n  w i t h  t h e  t h i r d  measurement 

sys t em a r e  shown i n  f i g u r e s  3-37 ,  3 -38 ,  and 3 -39 .  



3.4 Misce l l aneous  Measurements 

3 . 4 . 1  Measurement o f  Vol tage  Between Roof B o l t s  

Two r o o f - s u p p o r t  b o l t  measurements were performed a t  

- - l o c a t i o n  F on t h e  f i r s t  day .  The v o l t a g e  was measured u s i n g  
non-sh ie lded  copper  w i r e  c l i p p e d  t o  t h e  b o l t s .  For t h e  f i r s t  

measurement, t h e  s e p a r a t i o n  between b o l t s  was 2 1 . 7  m e t e r s .  

F i g u r e s  3-40 and 3-41 show t h e  spect rum measured. For t h e  

second measurement, t h e  s e p a r a t i o n  between b o l t s  was reduced 

t o  1 1 . 2  m e t e r s .  F igure  3-42 shows t h e  spect rum measured. 

No r e c e i v e r  sys tem n o i s e  curve  i s  a v a i l a b l e  f o r  t h e s e  s p e c t r a .  

With t h e  e x c e p t i o n  of  t h e  s i x t h  harmonic o f  60 H z ,  t h e  

s h o r t e r  d i s t a n c e  between roof  b o l t s  shows h i g h e r  power l i n e  

n o i s e  t h a n  t h e  l o n g e r  s e p a r a t i o n .  The second spectrum 

( s h o r t e r  s e p a r a t i o n )  shows an impulse t h a t  h a s  been p icked  

up.  I t  i s  n o t  p o s s i b l e  t o  s a y  t h a t  t h e  v o l t a g e  measured 

between b o l t s  was induced by any s i n g l e  mechanism. I t  may 

be any combinat ion  o f  e l e c t r i c  and magnet ic  f i e l d s  a c t i n g  

on t h e  copper w i r e s  connected  t o  t h e  b o l t s ,  a s  w e l l  a s  by 

any p o t e n t i a l  produced by c u r r e n t  f low between t h e  b o l t s .  

3 .4 .2  S h u t t l e - C a r  Cur ren t  Spectrum 

While no c a l i b r a t e d  c u r r e n t  measurements were made i n  

McElroy mine,  one measurement was made w i t h  t h e  loop  antenna  - 
p l a c e d  d i r e c t l y  a d j a c e n t  t o  t h e  s h u t t l e - c a r  power c a b l e .  

Th i s  a d j a c e n t  placement  caused t h e  loop  t o  s t r o n g l y  c o u p l e  

t o  t h e  c u r r e n t  i n  t h e  c a b l e .  F igure  3-43 shows t h e  r e -  

s u l t i n g  spect rum.  Note t h e  s t r o n g  360 H z  fundamental  and 

harmonics o f  t h i s  d c - d r i v e n  machine. Th i s  spect rum g i v e s  

t h e  c h a r a c t e r i s t i c  s i g n a t u r e  o f  dc-powered machinery s u p p l i e d  

by t h r e e - p h a s e ,  f u l l - w a v e  r e c t i f i e r s .  This  f i g u r e  shows t h e  

h i g h e s t  f i e l d  s t r e n g t h  v a l u e s  measured;  t h i s  i s  due t o  t h e  

l o o p  b e i n g  u n u s u a l l y  and a r t i f i c i a l l y  c l o s e  t o  t h e  c u r r e n t  

c a r r y i n g  c a b l e .  



3.5 Intercomparison o f  Magnet ic-Fie ld  

Noise i n  D i f f e r e n t  Mines 

3.5.1 Summary of  1 kHz t o  3  kHz Data 

F igure  3-44 i s  a  summary of magnetic f i e l d  s t r e n g t h  a t  

power- l ine  harmonic f r equenc i e s  observed w i t h i n  McElroy. 

P l o t t e d  a r e  t h e  l oga r i t hmic  averages  ( a r i t h m e t i c  average dB 

va lue )  o f  t h e  s i x  h i g h e s t  powerl ine  harmonics. The l oga r i t hmic  

average masks t h e  h i g h e s t  s i n g l e  va lue .  Average f i e l d s  a t  

n i n e  l o c a t i o n s  i n  t h e  mine and one on t h e  s u r f a c e  a r e  p l o t t e d  

a s  a  func t ion  o f  d i s t a n c e  from t h e  n e a r e s t  c u r r e n t - c a r r y i n g  

c a b l e  o r  w i r e .  The s i x  f r equenc i e s  chosen a r e  between 1020 Hz 

and 2940 Hz and a r e  e i t h e r  t h e  t h i r d  through e i g h t h  harmonic 

o f  360 H z ,  o r  t h e  h i g h e s t  ad j acen t  powerline harmonic. 

Figure  3-45 i s  a  summary of magnetic f i e l d  s t r e n g t h  over 

t h e  same f requency reg ion  a s  measured i n  t h e  Robena Coal Mine 

( a l l  600 V dc) and t h e  Grace I ron  Mine (diesel-powered 

haulage)  . 
A comparison of t h e  magnetic n o i s e  from 1 kHz t o  3  kHz 

i n  t h e  t h r e e  mines shows: 

1. McElroy i s  q u i e t e r  t han  Robena. 

a .  The h i g h e s t  l oga r i t hmic  average of s e c t i o n  n o i s e  

measured one meter from a  cab l e  i n  McElroy i s  51 dB 

r e l a t i v e  t o  1 u A / m  (power c e n t e r ) .  The n o i s e  i n  

Robena a t  an " a i r  s p l i t "  on a  haulageway i s  16 dB 

h igher  and a t  a  c a r  p u l l  dur ing  ope ra t i on  i s  2 1  dB 

h ighe r  t han  t h i s  51 dB va lue .  

b .  The q u i e t e s t  l o c a t i o n  i n  McElroy i s  26 dB 

q u i e t e r  t han  t h e  q u i e t e s t  l o c a t i o n  i n  Robena. 

2 .  McElroy i s  n o i s i e r  than Grace. 

a .  Most of  t h e  McElroy measurements i n  t h e  s e c t i o n  

were n o i s i e r  t han  t h e  n o i s i e s t  Grace measurement 

( t h e  d i e s e l  -powered Load-Haul -Dump (LHD) v e h i c l e )  

by a s  much a s  10 dB. 



b .  The q u i e t e s t  l o c a t i o n  i n  ?4cElroy i s  1 2  dB 

n o i s i e r  t h a n  t h e  q u i e t e s t  l o c a t i o n  i n  Grace.  

The magnet ic  n o i s e  from 1 kHz t o  3 kHz i n  t h e  t h r e e  

mines compared t o  t h e  n o i s e  measured on t h e  s u r f a c e  above 

PJcElroy shows : 

1. A l l  measurements i n  Robena were h i g h e r  by 15 t o  

78 dB. 

2 .  Most measurements i n  McElroy were h i g h e r  by 1 4  t o  

33 dB. 

3 .  The LHD measurement i n  Grace was h i g h e r  by 2 2  dB. 

3 . 5 . 2  Summary of  3 kHz t o  180 kHz Data 

F i g u r e s  3-46 and 3-47 a r e  g iven  t o  show how f i e l d -  

s t r e n g t h  l e v e l s  a t  McElroy compare w i t h  l e v e l s  i n  some o t h e r  

mines ( i  . e  . , Grace ,  Robena, and Itmann Mines) . F i g u r e  3 -46 

shows l e v e l s  n e a r  o p e r a t i n g  equipment whi le  f i g u r e  3 - 4 7  

shows l e v e l s  i n  haulageways.  The c u r v e s  a r e  shown t o  2 0 0  kHz, 

b u t  t h e  2 2 dB u n c e r t a i n t y  i s  v a l i d  on ly  from 3 t o  180 kHz. 

The Robena curves  a r e  shown t o  1 0 0  kHz. 
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4. AMPLITUDE PROBABILITY DISTRIBUTION MEASUREMENTS 

4 . 1  I n t  r o d u c t  i o n  and U n c e r t a i n t i e s  

S t a t i s t i c a l  r e p r e s e n t a t i o n s  a r e  r e q u i r e d  s i n c e  t h e  v a r i a -  

t i o n s  o f  f i e l d  s t r e n g t h  a r e ,  i n  g e n e r a l ,  random. The a m p l i t u d e  

p r o b a b i l i t y  d i s t r i b u t i o n  (APD) of  t h e  r e c e i v e d  n o i s e  e n v e l o p e  

i s  one of  t h e  most u s e f u l  s t a t i s t i c a l  d e s c r i p t i o n s  of  t h e  

n o i s e  p r o c e s s  f o r  t h e  d e s i g n  and e v a l u a t i o n  o f  a  t e lecommuni-  

c a t  i o n s  s y s  tem o p e r a t i n g  i n  a  n o i s y  env i ronmen t  [ 5  , 6 , 7 ]  . 
By p l o t t i n g  t h e  c u m u l a t i v e  APD on R a y l e i g h  g r a p h  p a p e r ,  

one can show c l e a r l y  t h e  f r a c t i o n  o f  t i m e  t h a t  t h e  n o i s e  e n v e l o p e  

e x c e e d s  v a r i o u s  l e v e l s .  R a y l e i g h  g raph  p a p e r  i s  chosen  w i t h  

s c a l e s  such  t h a t  a  R a y l e i g h  d i s t r i b u t i o n  ( i  . e . ,  e n v e l o p e  d i s -  

t r i b u t i o n  of  Gauss i an  n o i s e )  p l o t s  a s  a  s t r a i g h t  l i n e  w i t h  

s l o p e  o f  - 1 / 2 .  No i se  w i t h  r a p i d  l a r g e  changes  i n  a m p l i t u d e  

( e . g .  , i m p u l s i v e  n o i s e )  t h e n  h a s  a  much s t e e p e r  s l o p e ,  

t y p i c a l l y  - 4  o r  - 5 ,  depending  on t h e  i m p u l s i v e n e s s  o f  t h e  

n o i s e  and t h e  r e c e i v e r  bandwid th .  

With t h e  e x c e p t i o n  of  t h e  r o o f - s u p p o r t  b o l t  measurements ,  

a l l  APD measurements  a r e  r e p o r t e d  i n  a b s o l u t e  q u a n t i t i e s .  

The e s t i m a t e d  l i m i t s  o f  e r r o r  f o r  t h e  APD n o i s e  measu re -  

ments  a r e  + 5  dB. S e v e r a l  s o u r c e s  of  e r r o r  t h a t  a r e  c r i t i c a l  

t o  t h e  o v e r a l l  a c c u r a c y  o f  o u r  measurements  a r e  l i s t e d  be low:  

1. Use of  a  d i s c r e t e ,  d i g i t a l  l e v e l  c o u n t e r  ( l e v e l s  a r e  

6 dB a p a r t )  c o n t r i b u t e s  t l - d B  q u a n t i z a t i o n  e r r o r  l i m i t .  

O n e - d e c i b e l  s t e p  a t t e n u a t o r s  aye u s e d  t o  a c h i e v e  t h e  

+ one d e c i b e l .  

2 .  The s y s t e m ,  i . e . ,  r e c o r d i n g ,  d a t a  t r a n s c r i b i n g ,  and  

d a t a  p r o c e s s i n g ,  h a s  a  c a l i b r a t i o n  u n c e r t a i n t y  o f  

2 0 . 5  dB [ 3 ] .  

3 .  The e s t i m a t e d  u n c e r t a i n t y  i n v o l v e d  i n  u s i n g  t h e  p o r -  

t a b l e  and t h e  l a b o r a t o r y  t a p e  r e c o r d e r s  f o r  r e c o r d  and  

p l a y b a c k  i s  + 0 . 5  dB due t o  harmonic  d i s t o r t i o n ,  f l u t t e r ,  

d r o p o u t ,  c r o s s - t a l k ,  e t c .  



4 .  The ga in  i n s t a b i l i t y  du r ing  measurements, g a i n  

changes between measurements and c a l i b r a t i o n ,  and t h e  

n o n - l i n e a r i t y  of e l ec t romagne t i c  i n t e r f e r e n c e  and f i e l d  

s t r e n g t h  (EIFS) meters and mixers ,  a l l  combined, con- 

t r i b u t e  + 0 . 5  dB u n c e r t a i n t y .  

5 .  The ga in  i n s t a b i l i t y  and n o n - l i n e a r i t y  of t h e  d i g i t a l  

l e v e l  coun te r ,  t h e  tuned frequency c o n v e r t e r ,  t h e  ampl i -  

f i e r ,  and a t t e n u a t o r s ,  a l l  combined, c o n t r i b u t e  + 0 . 5  dB 

u n c e r t a i n t y .  

6 .  Connector l o s s e s  and BNC cab le  l o s s e s ,  p a r t i c u l a r l y  

a t  h ighe r  f requenc ies  above 1 0 0  kHz,  c o n t r i b u t e  + 2 . 0  dB 

u n c e r t a i n t y  . 
Some a d d i t i o n a l  u n c e r t a i n t y  beyond t h e  s t a t e d  measurement 

system u n c e r t a i n t y  i s  caused by t h e  in-mine environment.  Care 

was t aken  t o  provide  a t  l e a s t  one meter s e p a r a t i o n  from 

m e t a l l i c  o b j e c t s  wherever p o s s i b l e .  However, c o a l ,  rock ,  o r  

e a r t h  was sometimes immediately ad j acen t  t o  a  loop antenna.  

In a l l  observed c a s e s ,  t h i s  had no e f f e c t  a t  f r equenc i e s  up 

t o  1 MHz. Above 1 ?,IHz, e a r t h  and o the r  r e f l e c t i o n s  d i d  i n  

some case s  cause + 1 dB v a r i a t i o n s ,  even wi th  a  s h i e l d e d ,  

balanced loop antenna.  An e s t i m a t e  i s  t h a t  an a d d i t i o n a l  

+ 5 dB u n c e r t a i n t y  might be adv i sab l e .  However, due t o  t h e  

complexity of  t h e  s h i e l d e d  loop i n  t he  mine environment,  t h i s  

u n c e r t a i n t y  cannot be r i g o r o u s l y  bounded wi thout  s u b s t a n t i a l  

a d d i t i o n a l  a n a l y s i s .  

4 . 2  Resu l t s  

4 .2 .1  In t roduc t ion  

APD measurements were made on A p r i l  10 and 1 2 ,  1973, 

dur ing  ope ra t i on  i n  t h e  FlcElroy Coal Mine l o c a t e d  nea r  

Moundsvil le ,  West V i r g i n i a .  Desc r ip t i ons  o f  McElroy Mine 

a r e  given i n  s e c t i o n  1 . 2 .  APD measurements were made a t  

f ou r  l o c a t i o n s .  The f i r s t  s e t  of APD measurements of  about 

e l even  d i f f e r e n t  f r equenc i e s  was made on A p r i l  10 ,  1973, a t  

6 8  



l o c a t i o n  B i n  f i g u r e  3 - 1 .  The second s e t  of  APD measurement 

of  about  e i g h t  d i f f e r e n t  f r e q u e n c i e s  was made on A p r i l  1 0 ,  

1973, a t  l o c a t i o n  A i n  f i g u r e  3 - 1 .  In t h e s e  two s e t s  of  

APD measurements ,  bo th  t h e  v e r t i c a l  and h o r i z o n t  a 1  components 

o f  magnet ic  f i e l d  were measured. 

The t h i r d  s e t  of APD measurements o f  about  n i n e  

f r e q u e n c i e s  was made on A p r i l  1 2 ,  1973, a t  l o c a t i o n  B 

i n  f i g u r e  3 - 2 .  The f o u r t h  s e t  of  APD measurements o f  about  

n i n e  f r e q u e n c i e s  was made on A p r i l  1 2 ,  1973, a t  l o c a t i o n  A 

i n  f i g u r e  3 - 2 .  In t h e s e  two s e t s  of APD measurements ,  on ly  

t h e  v e r t i c a l  components o f  magnetic  f i e l d  were measured. 

In a d d i t i o n  t o  t h e s e  f o u r  s e t s  of  measurements,  APD 

measurements were made d u r i n g  a q u i e t  t ime a t  l o c a t i o n s  A 

and B i n  f i g u r e  3 - 1 .  APD measurements between roof  - s u p p o r t  

b o l t s  were performed on A p r i l  1 0 ,  1973, a t  l o c a t i o n  B i n  

f i g u r e  3 - 1 .  

4 . 2 . 2  Measurement R e s u l t s  

F i g u r e s  4 - 1  th rough  4-11 show t h e  APD1s o f  v e r t i c a l  

components of magnet ic  f i e l d  n o i s e  and f i g u r e s  4-12 through 

4-23 show t h e  APD1s of  h o r i z o n t a l  components (NE-SW) of  

magnet ic  f i e l d  n o i s e  measured a t  l o c a t i o n  B of  f i g u r e  3 - 1  

on A p r i l  1 0 ,  1973. APD1s measured a t  q u i e t  t ime a t  l o c a t i o n  

B of  f i g u r e  3 - 1  a r e  shown i n  f i g u r e s  4-24 through 4-27.  Here 

on ly  t h e  v e r t i c a l  component of  magnet ic  n o i s e  was measured 

a t  f o u r  f r e q u e n c i e s  r ang ing  from 10 kHz t o  150 kHz. Above 

250 kHz, t h e  magnetic  n o i s e  measured i n  t h e  mine was below 

t h e  system n o i s e  ( i . e . ,  60 dB o r  more below one microampere 

p e r  meter)  s i n c e  EIFS mete r  r e a d i n g s  w i t h  and wi thou t  an 

an tenna  were t h e  same. 

F igures  4-28 through 4-36 show APD1s of  t h e  v e r t i c a l  

component of magnet ic  f i e l d  n o i s e  and f i g u r e s  4 -  37 th rough  

4-43 show APD1s of t h e  h o r i z o n t a l  component of  magnet ic  

f i e l d  n o i s e  measured a t  l o c a t i o n  A i n  f i g u r e  3 - 1  on A p r i l  10 ,  



1973. APD measurements made a t  a  q u i e t  t ime  a t  l o c a t i o n  A i n  

f i g u r e  3 - 1  a r e  a l s o  shown i n  f i g u r e s  4-44 th rough  4-48 .  Again ,  

o n l y  t h e  v e r t i c a l  component o f  magne t i c  n o i s e  was measured a t  

f i v e  f r e q u e n c i e s  r a n g i n g  from 10 kT3z t o  160 kHz. Above 250 kHz, 

t h e  magne t i c  n o i s e  measured i n  t h e  mine was below t h e  sys t em 

n o i s e  ( i . e .  ,60 dB o r  more below one microampere p e r  m e t e r )  

s i n c e  EIFS me te r  r e a d i n g s  w i t h  and w i t h o u t  an a n t e n n a  were 

t h e  same. 

F i g u r e s  4-49 t h r o u g h  4-58  show t h e  APD's o f  m a g n e t i c  

f i e l d  n o i s e  measured a t  l o c a t i o n  B i n  f i g u r e  3 - 2 .  F i g u r e s  

4-59 t h r o u g h  4-68 show t h e  APD's of  magne t i c  f i e l d  n o i s e  

measured a t  l o c a t i o n  A i n  f i g u r e  3 -2  on A p r i l  1 2 ,  1973. 

Only t h e  v e r t i c a l  component o f  t h e  magnet ic  f i e l d  was meas- 

u r e d  a t  t e n  f r e q u e n c i e s  r a n g i n g  from 10 kHz t o  32 kHz. 

F i g u r e s  4-69 th rough  4-70 show r e s u l t s  o f  t h e  r o o f -  

s u p p o r t  b o l t  measurements made a t  l o c a t i o n  B i n  f i g u r e  3 - 1  

on A p r i l  10 ,  1973. The s e p a r a t i o n  between t h e  two r o o f -  

s u p p o r t  b o l t s  was 3  m e t e r s .  The APD's were measured u s i n g  

n o n - s h i e l d e d  copper  w i r e  c l i p p e d  t o  t h e  r o o f - s u p p o r t  b o l t s .  

I t  i s  n o t  e a s y  t o  a n a l y z e  what was measured u s i n g  n o n - s h i e l d e d  

copper  w i r e .  I t  was a  combinat ion  o f  e l e c t r i c  f i e l d  th rough  

a  d i p o l e  w i t h  a  l o s s y  s u r r o u n d i n g  medium ( i  . e . ,  c o a l )  , o f  

magne t i c  f i e l d  th rough  a  l o s s y  loop a n t e n n a ,  and o f  v o l t a g e  

induced by c u r r e n t  f lowing  t h r o u g h  t h e  medium between t h e  

r o o f  b o l t s .  T h e r e f o r e ,  r e l a t i v e  v o l t a g e  i s  t h e  pa ramete r  

g i v e n .  The r m s  v a l u e  i s  a r b i t r a r i l y  a s s i g n e d  t h e  v a l u e  

0  dB. 

4 . 2 . 3  RfiIIS and Average Values  

The APD1s a r e  i n t e g r a t e d  t o  g i v e  rms and a v e r a g e  v a l u e s  

o f  t h e  f i e l d  s t r e n g t h ,  a c c o r d i n g  t o  t h e  e q u a t i o n s  



where H r e p r e s e n t s  t h e  magne t i c  f i e l d  s t r e n g t h  o f  t h e  n o i s e ,  

and p  i s  t h e  p r o b a b i l i t y  t h a t  t h e  measured f i e l d  s t r e n g t h  

exceeds  t h e  v a l u e  H .  These q u a n t i t i e s  a r e  a l s o  dependent  

upon t h e  measurement bandwid th ,  t h e  l e n g t h  o f  t h e  d a t a  r u n ,  

and p o s s i b l y  o t h e r  p a r a m e t e r s .  F i n i t e  s e r i e s  a r e  a c t u a l l y  

used  f o r  t h e  n u m e r i c a l  i n t e g r a t i o n .  The rms and ave rage  

v a l u e s  s o  a r r i v e d  a t  a r e  i d e n t i f i e d  on each  g raph  and a r e  

t ime  a v e r a g e s  (23 minu tes )  of  t h e s e  t i m e - d e p e n d e n t  p a r a m e t e r s .  

I f  t h e  t a p e s  a r e  p l a y e d  i n t o  o r d i n a r y  r m s - r e a d i n g  m e t e r s ,  t h e  

me te r  r e a d i n g s  w i l l  v a r y  10 t o  20 dB o v e r  f r a c t i o n s  o f  a  

second depending  on t h e  a v e r a g i n g  t ime  c o n s t a n t s  of  t h e  m e t e r .  

The rms v a l u e  i s  d i r e c t l y  r e l a t a b l e  t o  n o i s e  power.  

4 . 2 . 4  Summary Curves 

E x c u r s i o n s  o f  f i e l d  s t r e n g t h  between 0 .001  and 99 p e r c e n t ,  

a s  w e l l  a s  rms and ave rage  v a l u e s ,  a r e  shown i n  f i g u r e s  4 - 7 1  

t h r o u g h  4 - 7 8 .  The p r e d e t e c t i o n  bandwidth  f o r  t h e s e  APD 

measurements e i t h e r  i s  1 kHz o r  i s  n o r m a l i z e d  t o  1 kHz. F i g u r e s  

4  - 1  t h r o u g h  4-11  ( v e r t i c a l  , n e a r  t h e  power d i s t r i b u t i o n  c e n t e r )  

a r e  summarized on f i g u r e  4 - 7 1 ;  f i g u r e s  4-12 th rough  4 - 2 3  

h o r i z o n t a l ,  n e a r  t h e  power d i s t r i b u t i o n  c e n t e r )  a r e  summarized 

on f i g u r e  4 - 7 2 ;  f i g u r e s  4-24 t h r o u g h  4-27  ( v e r t i c a l ,  q u i e t  

t i m e ,  n e a r  t h e  power d i s t r i b u t i o n  c e n t e r )  a r e  summarized on 

f i g u r e  4-73 .  F i g u r e s  4-28 t h r o u g h  4-36 ( v e r t i c a l ,  n e a r  end  

o f  r a i l  h a u l a g e )  a r e  summarized on f i g u r e  4 - 7 4 ;  f i g u r e s  4-37 

t h r o u g h  4 - 4 3  ( h o r i z o n t a l ,  n e a r  end  o f  r a i l  h a u l a g e )  a r e  sum- 

mar i zed  on f i g u r e  4 - 7 5 ;  f i g u r e s  4-44 t h r o u g h  4-48  ( v e r t i c a l ,  

q u i e t  t ime n e a r  end of  r a i l  h a u l a g e )  a r e  summarized on f i g u r e  

4 - 7 6 .  F i g u r e s  4-49 th rough  4-58 ( n e a r  i n t e r s e c t i o n  o f  main 

h a u l a g e  and conveyor  b e l t )  a r e  summarized i n  f i g u r e  4 -77 .  



F i g u r e s  4-59 th rough  4-68  ( n e a r  o p e r a t i n g  c o n t i n u o u s  mine r )  

a r e  summarized on f i g u r e  4  -78 .  1- lagnet ic  f i e l d  s t r e n g t h  

g e n e r a l l y  d e c r e a s e s  m o n o t o n i c a l l y  w i t h  i n c r e a s i n g  f r e q u e n c y  

a t  20 dB p e r  decade .  Some l o n g - t e r m  f l u c t u a t i o n s  i n  v a l u e s  

o c c u r  b e c a u s e  of  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  d u r i n g  

d i f f e r e n t  t i m e s  o f  t h e  day.  Al though 20 minu tes  was de t e rmined  

t o  b e  a  s u f f i c i e n t  t ime  t o  g i v e  v a l i d i t y  t o  t h e  s t a t i s t i c s  i n  

a  m i n e - s e c t i o n  envi ronment  where t h e  work c y c l e  i s  two t o  f o u r  

m i n u t e s ,  20 minu tes  may n o t  b e  s u f f i c i e n t  i n  o t h e r  l o c a t i o n s  

where l o n g e r  c y c l e s  may e x i s t .  Perhaps  t h i s  s h o u l d  be  c o n -  

s i d e r e d  f u r t h e r .  



Percent of Time Ordinate is Exceeded 

Figure 4- 1 APD, 10 kHz, v e r t i c a l  component, 1 .0  kHz predetection 
bandwidth, April 10 ,  1973, 11:40 a.m., McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-2 APD, 30 kHz, v e r t i c a l  component, 1 . 0  kHz predetection 
bandwidth, April 10,  1973, 1:10 p.m., McElroy Mine. 
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Figure 4-3 APD, 70 kHz, v e r t i c a l  component, 1 . 0  kHz prede tec t i on  
bandwidth, Apri l  10 ,  1973, 2: 20 p .m., McElroy Mine. 
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Figure 4-4 APn, 130 kHz, ver t ica l  component, 1 .0 k ~ z  predetection 
bandwidth, April 10, 1973, 3: 25 p.m., McElroy Mine. 
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Percent of Time Ordinate is Exceeded 

Figure 4-5 APD, 160 kHz, v e r t i c a l  component, 1 .0  kHz predetection 
bandwidth, April 10,  1973, 5:30 p.m., McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-6 APD 250 kHz, v e r t i c a l  component, 1 .0  kHz predetection 
bandwidth, April 10, 1973, 6:35 p.m., McElroy Mine. 
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Figure 4-7 APD, 500kHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 10,  1973, 11:40 a.m., McElroy Mine. 
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Figure 4-8 APD, 1 MHz, v e r t i c a l  component, 1 .2  kHz predetection 
bandwidth, April 10, 1973, 1:10 p.m., McElroy Mine. 
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Percent of Time Ordinate is Exceeded 

Figure 4-9 APD, 2 MHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 10,  1973, 2: 20 p.m., McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-10 APD, 6 MHz, v e r t i c a l  componen3 1 . 2  kHz predetect ion 
bandwidth, Apri l  10 ,  1973, 3:25 p.m., McElroy Mine. 
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Figure 4-1 1 APD, 14 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion 
bandwidth, April  10 ,  1973, 5:  30 p . m e ,  McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-1 2 APD, 10 kHz, horizontal component (NE-SW), 1 .0  kHz 
predetection bandwidth, April 10, 1973, 12: 20 p.m., 
McElroy Mine. 
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Figure 4-1 3 APD, 30 kHz, horizontal conponent, (NE-SW), 1.0 kHz 
predetection bandwidth, April 10, 1973, 1: 50 p.m., 
McElroy Mine. 
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Percent of Time Ordinate is Exceeded 

Figure 4- 15 APD, 130 kHz, hor i zonta l  component (NE-SW) , 1 . 0  kHz 
prede tec t i on  bandwidth, Apr i l  1 0 ,  1973,  5: 00 p.m., 
FkElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4- 16 APD, 160 kHz, horizontal component(NE-SW) , 1.0 kHz 
predetection bandwidth, April 10, 1973, 6:00 p.m., 
McElroy Mine. 
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Percent of Time Ordinate is Exceeded 

Figure 4-1 8 AW, 500 kHz, horizontal component (NDSW), 1 . 2  kHz 
predetection bandwidth, April 10,  1973, 12:20 p.m. ,  
McElroy Mine. 
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Figure 4-1 9 APD, 1 MHz, horizontal component (NE-SW), 1 .2  kHz 
predetec t i o n  bandwidth, April 10, 1973, 1: 50 p .m., 
McElroy Mine. 
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Figure 4-21 APD, 6 MHz, horizontal component (NE-SW), 1 . 2  kHz 
predetection bandwidth, April 10,  1973, 5 : 0 0  p.m., 
McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-22 APD, 14 MHz, horizontal  component (NE-SW) , 1.2  kHz 
predetection bandwidth, April 10,  1973, 6:00 p.m., 
McElroy Mine. 
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Figure 4-23 APD, 32 MHz, horizontal component (NE-SW), 1 . 2  kHz 
predetection bandwidth, April 10, 1973, 7 :  00 p.m., 
McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-24 APD, 10 kHz, vert ical  component, 1.0 kHz predetection 
bandwidth, April 10, 1973, 4:00 p.m., quiet time 
measurements, MElroy Mine. 
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Figure 4-25 APD, 30 kHz, vert ica l  component, 1 .0  kHz predetection 
bandwidth, April 10, 1973, 4:10 p.m., quiet time measure- 
ments, McElroy Mine. 
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Figure 4-26 APD, 70 kHz, ver t ica l  component, 1.0 kHz predetection 
bandwidth, April 10, 1973, quiet  time meaeuremente, 
&Elroy Mine. 
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Figure 4-27 APD, 130 kHz, v e r t i c a l  component, 1.0 kHz 'predetection 
bandwidth, April 10,  1973, 4:30 p.m.,  quiet  time measure- 
ment, McElroy Mine. 
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Figure 4-28 APD, 10 kHz, v e r t i c a l  component, 1.0 kHz predetection 
bandwidth, April 10, 1973, 1 :00  p.m., McElroy Mine. 
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Percent of Time Ordinate is Exceeded 

Figure 4-29 APD, 30 kHz, v e r t i c a l  component, 1.0 kHz predetection 
bandwidth, April 10, 1973, 2:30 p.m., McElroy Mine. 
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Figure 4-30 APD, 70 kHz, v e r t i c a l  component, 1.0 kHz predetection 
bandwidth, April 10,  1973, 5:15 p.m., McElroy Mine. 
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Figure 4-31 APD, 130 kHz, vert ica l  component, 1 .0  kHz predetection 
bandwidth, April 10, 1973, 7:30 p.m., McElroy Mine. 
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Figure 4-32 APD, 160 kHz, vert ica l  component, 1.0 kHz predetection 
bandwidth, April 10, 1973, 6 : 4 5  p.m., HcElroy Mine. 
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Figure 4-33 APD, 250 kHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 10,  1973, 7:30 p.m., McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-34 APD, 500 kHz, vertical  component, 1 .2  kHz predetection 
bandwidth, April 10, 1973, 1:00 p.m., McElroy Mine. 
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Figure 4-35 APD, 1 MHz, v e r t i c a l  component, 1 . 2  kHz prede tec t i on  
bandwidth, Apri l  1 0 ,  1973,  2 :30  p.m., McElroy Mine. 



Linear by - loplo( - in p )  

.0001.00191 .I 5 1 5 10 20 30 40 50 60 70 80 85 90 95 98 99 
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Figure 4-36 APD, 2 MHz, v e r t i c a l  component, 1 . 2  kHz predetcct ion 
bandwidth, Apri l  10, 1973, 5:15 p.m., McElroy Mine. 
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Figure 4-37 APD, 10 kHz, horizontal component (N-S), 1.0 kHz predetection 
bandwidth, April 10, 1973, 1: 30 p.m., McElroy Mine. 
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Figure 4-38 APD, 30 kHz, horizontal  component (N-S), 1 .0  kHz predetect 
bandwidth, April  1 0 ,  1973, 2:00 p.m.,  McElroy Mine. 

ion 



Percent of Time Ordinate is  Exceeded 

Figure 4-39 APD, 70 kHz, horizontal  component (N-S), 1 . 0  kHz predetect ion 
bandwidth, Apri l  10,  1973, 6: 00 p.m., McElroy Mine. 
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i g ~ ~ r e  4-40 APD, 130 kHz, horizontal component (N-s), 1 . 0  kHz predetect 
bandwidth, April 10, 1973, 6 : 4 5  P . m . ,  McElroy Mine* 
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F i g u r e  4-41 APD, 160 kHz, hor izon ta l  component (N-S) , 1.0 kHz, predetect ion 
bandwidth, Apr i l  1 0 ,  1973, 6:00 p.m., McElroy Mine. 
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Figure 4-42 APD, 500 kHz, horizontal component(N-S), 1.2 kHz predetection 
bandwidth, April 10, 1973, 1:30 p.m., McElroy Mine. 
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Figure  4-43 APD, 1 MHz, h o r i z o n t a l  component (N-S) , 1.2 kIIz p r e d e t e c t i o n  
bandwidth, A p r i l  10 ,  1973, 2:00 p.m., McElroy Mine. 
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Figure 4-44 APD, 10 kHz, vert ica l  component, 1.0 WIz predetection 
bandwidth, April 10,  1973, 4:00 p.m., quiet time measure- 
ments, McElroy Mine. 
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Figure 4-45 APD, 30 kHz, v e r t i c a l  component, 1.0 WIz predetection 
bandwidth, April 10 ,  1973, 4:05 p.m., qu ie t  t i m e  meaaure- 
ments, McElroy Mine. 
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Figure 4-46 APD, 70 kHz, ver t ica l  component, 1.0 kHz predetection 
bandwidth, April 10,  1973, 4:15 p.m., quiet time measure- 
ments, McElroy Mine. 
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Figure 4-47 APD, 130 kHz, v e r t i c a l  component, 1.0 kHz predetect ion 
bandwidth, Apri l  1 0 ,  1973, 4:20 p.m., q u i e t  t i m e  measure- 
ments, McElroy Mine. 



Linear by - l ~ p , ~ ( - l n  p) 
0 

- 10 

h 

V) 

E -20 
L 
0, 
C 

i 
L 
al 
a -30 

f 
0, 

E" 
0 
0 

L -40 .- 
E 
r. 

0 
C 

0, 
> 

-50 
0 - 
0, 
L 

m 
'0 - 
I - -60 
5 
0 
C 
0, 
L C 

V) 

0 -70 
0, 

ii 
0 .- 
C 

0, 
c 
o -80 
r" 

-90 

-100 
D001.001.01 .I 5 1 5 10 20 30 40 50 60 70 80 85 90 95 98 99 
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Figure 4-48 APD, 1 MHz, v e r t i c a l  component, 1 .2  kHz prede tec t ion  
bandwidth, April 10 ,  1973, 4 : 0 5  p.m.,  qu ie t  time measure- 
ments, McElroy Mine. 
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Figure 4-49 APD, 10 kHz, v e r t i c a l  component, 1.0 kHz predetection 
bandwidth, April 12,  1973, 11: 50 a.m., McElroy Mine. 
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Figure 4-50 APD, 30 kHz, v e r t i c a l  component, 1.0  kHz predetect ion 
bandwidth, April  12 ,  1973, 12:25 p.m., McElroy Mine. 



Percent of Time Ordinate is Exceeded 

Figure 4-51 APD, 70 kHz, v e r t i c a l  component, 1 .0  kHz predetection 
bandwidth, April 12, 1973, 12:50 p.m., McElroy Mine. 
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Figure 4-52 APD, 130 kHz, vertical  component, 1 .0  kHz predetection 
bandwidth, April 12, 1973, 1:30 p.m., McElroy Mine. 
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Figure 4-53 APD, 160 kHz, v e r t i c a l  component, 1 . 0  kHz predetection 
bandwidth, A p r i l 1 2 ,  1973, 2:10 p.m., NcElroy Mine. 
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Figure 4-54 APD, 500 kHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 12,  1973, 11:50 a.m., McEtroy Mine. 
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Figure 4-55 APD, 1 MHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 12, 1973, 12:25 p.m., McElroy Mine. 
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Figure 4-56 APD, 2 MHz, v e r t i c a l  component, 1 .2  kHz predetection 
bandwidth, April 12 ,  1973, 12:50 p.m., McElroy Mine. 
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Figure 4-57 APD, 6 MHz, v e r t i c a l  component, 1 . 2  kHz predetection 
bandwidth, April 12, 1973, 1:30 p.m., McElroy Mine. 
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Figure 4-58 APD, 14 MHz, v e r t i c a l  component, 1 .2  kHz predetection 
bandwidth, April 12,  1973, 2:10 p.m., McElroy Mine. 
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Figure 4-59 APD, 10  kHz, v e r t i c a l  component, 1 . 0  kHz predetect ion 
bandwidth, April  12,  1973, 11:30 a . m . ,  McElroy Mine. 
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Figure 4-60 APD, 30 kHz, v e r t i c a l  component, 1 . 0  kHz predetection 
bandwidth, April  12 ,  1973, 12:15 p.m., McElroy Mine. 
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Figure 4-62 APD, 130 kHz, v e r t i c a l  component, 1.0 kHz predetection 
bandwidth, April 12,  1973, 1:30 p.m., McElroy Mine. 
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Figure 4-63 APD, 160 kHz, v e r t i c a l  component, 1 .0  kHz predetect ion 
bandwidth, April  12,  1973, 2:15 p.m.,  IlcElroy Mine. 
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Figure 4-64 APD, 250 kHz, v e r t i c a l  component, 1 .2  kHz predetect ion 
bandwidth, Apri l  12, 1973, 11:30 p.m., McElroy Mine. 
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Figure 4-65 APD, 500 kHz, ver t  i ce1  component, 1 .2  kHz predetection 
bandwidth, April  12,  1973, 12:15 p.m., McElroy Mine. 
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Figure 4-66 APD, 1 MHz, v e r t i c a l  component, 1 .2  kHz predetection 
bandwidth, April 12, 1973, 1 :  00 p.m., McElroy Mine. 
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Figure 4-67 APD, 2 MHz, v e r t i c a l  component, 1 . 2  kHz p r e d e t e c t i o n  
bandwidth, A p r i l  1 2 ,  1973, 1:30 p.m. ,  McElroy Mine. 
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Figure 4-68 APD, 6 MHz, v e r t i c a l  component, 1 . 2  kHz predetect ion 
bandwidth, Apri l  12,  1973, 2:15 p.m., McElroy Mne.  
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Figure 4-69 APD, 10 kHz, roof  b o l t  measurements, 1.0 kHz 
p r e d e t e c t i o n  bandwidth, A p r i l  1 2 ,  1973,  2:45 p.m.,  
McElroy Mine. 



Percent of Ti me Ordi note is Exceeded 

Figure 4-70 APD, 150 kHz, roof bolt measurements, 1 .2  kHz 
predetection bandwidth, April. 12, 1973, 2 : 4 5  p.m., 
Mc E l  roy Mine. 
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5 .  CONCLTJSIONS 

The r a n g e  of  m a g n e t i c - f i e l d  n o i s e  l e v e l s  i n  McElroy i s  

130 dB, from 90 dB above 1 pV/m a t  60 Hz t o  40 dB below 

1 pV/m a t  180 kHz. T h i s  compares w i t h  t h e  125 dB range  i n  

Robena, e x c e p t  t h a t  t h e  Robena l e v e l s  were h i g h e r ,  f rom 

+ l o 5  dB t o  -20 dB w i t h  r e s p e c t  t o  1 pA/m. Grace Mine had  a  

r a n g e  o f  158  dB, from + I 2 2  dB t o  -36 dB. In  t h e  l ower  p o r -  

t i o n  o f  t h e  s p e c t r u m ,  below 3  kHz, McElroy was a p p r o x i m a t e l y  

20 dB q u i e t e r  t h a n  Robena i n  most  c a s e s .  Iiowever, from 3 kHz 

t o  100 kHz t h e  m a g n e t i c - f i e l d  n o i s e  l e v e l s  i n  Robena and 

ElcElroy were b o t h  r e l a t i v e l y  h i g h ,  10 t o  80 dB above 1 p A / m ,  

n e a r  o p e r a t i n g  equ ipmen t ,  compared t o  l e v e l s  i n  Grace and 

Itmann mines o f  -10 t o  SO dB above 1 pA/m.  From 100 kHz t o  

200 kHz, McElroy and Itmann had  t h e  h i g h e s t  l e v e l s ,  -20 t o  

+15 dB above 1 p A / m ,  Data  f rom Robena i s  n o t  a v a i l a b l e  i n  

t h i s  f r e q u e n c y  r a n g e ,  b u t  l e v e l s  may w e l l  b e  comparable  t o  

t h o s e  i n  FlcElroy and I tmann.  

Along hau lageways ,  McElroy was t h e  q u i e t e s t  (by a  s m a l l  

marg in)  o f  t h e  mines  v i s i t e d .  From 30 kHz t o  180 kHz, t h i s  

l e v e l  was e q u a l  t o  o r  l e s s  t h a n  -30 dB above 1 p A / m .  

S u r f a c e  measurements  o v e r  t h e  underground work ing  

s e c t i o n  show a  number o f  man-made, cw c a r r i e r s .  I f  t h e s e  

c a r r i e r s  a r e  o m i t t e d ,  t h e  background ,  b roadband  n o i s e  i s  

-30 t o  -40 dB w i t h  r e s p e c t  t o  1 pA/m.  The c a r r i e r s  come 

up t o  0  dB w i t h  r e s p e c t  t o  1 p A / m .  Below 20 kHz, p o w e r l i n e  

ha rmon ics  were t h e  dominant  s o u r c e  o f  n o i s e .  The r a n p e  c o v e r s  

-20 t o  +60 dB above 1 pA/m. 

APD measurements  were t a k e n  d u r i n g  q u i e t  t i m e s  a s  w e l l  

a s  d u r i n g  normal  o p e r a t i o n .  The measurements  show q u i e t -  

t ime  l e v e l s  a t  some f r e q u e n c i e s  a t  l e a s t  60 dB below 1 pA/m,  

h u t  a t  most f r e q u e n c i e s  below 1 MHz, t h e  peak  and  r m s  l e v e l s  

d i d  n o t  change s i g n i f i c a n t l y  from q u i e t  t o  o p e r a t i n g  c o n d i -  

t i o n .  L e v e l s  n e a r  o p e r a t i n g  equipment  were 30 dB above 1 uA/m 



a t  30 kHz, and n e a r  haulageways, were 1 0  dB above 1 p A / m  a t  

30 kHz. The range of t he se  measurements i s  c o n s i s t e n t  wi th  

t h e  wide range o f  l e v e l s  t h a t  have been measured i n  some 

o t h e r  mines.  



6 .  RECOMMENDATIONS 

P a r t i c u l a r l y  i n  mines  s i m i l a r  t o  McElroy,  b u t  a l s o  

i n  most o t h e r  c o a l  mines  a s  w e l l ,  t h e  wide r a n g e s  o f  m a g n e t i c -  

f i e l d  n o i s e  l e v e l s  due t o  s p a t i a l  v a r i a t i o n s  s h o u l d  be  u s e d  

t o  maximum a d v a n t a g e .  For  example ,  keep  r e c e i v e r s  away from 

n o i s e  s o u r c e s  whenever p o s s i b l e  . T h i s  a p p l i e s  t o  f r e q u e n c i e s  

be low 2 0 0  kHz,  where i n t e r f e r e n c e  l e v e l s  n e a r  mach ine ry  a r e  

e x t r e m e l y  s e v e r e .  S h o r t e r - r a n g e  , h i g h e r  - f r e q u e n c y  s y s  tems 

c o u l d  b e  d e s i g n e d  f o r  u s e  n e a r  mach ine ry .  

S u r f a c e  n o i s e  measurements  a t  McElroy show t h e  n e e d  f o r  

o n l y  one d e s i g n  c r i t e r i o n  : a v o i d  p o w e r l i n e  h a r m o n i c s .  The re  

a r e  o t h e r  c r i t e r i a  which show up  a t  o t h e r  m i n e s ,  b u t  f o r  

low- f r e q u e n c y ,  t h r o u g h  - t h e  - e a r t h  communicat ion s y s  tems , 
a v o i d i n g  u s e  o f  p o w e r l i n e  harmonic  f r e q u e n c i e s  i s  o f  

p r i m a r y  c o n c e r n .  
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9 ,  APPENDIX 

Decoding o f  Spectrum Capt ions  

Spectrum c a p t i o n s  a r e  g e n e r a l l y  o rgan ized  i n t o  t h e  f o l -  

lowing format : 

F i r s t  l i n e :  MP NDT NZS NDA NPO RC DF d a t e ,  t ime ,  frame,  s e r i a l ,  

where 

MP = Two's power of  l e n g t h  of Fou r i e r  t r ans fo rm,  example, 

zMP where MP = 1 2  

NDT = Detrending o p t i o n ,  example, 0 (dc removed) 

NZS = R e s t a r t  s p e c t r a l  average a f t e r  o u t p u t ,  example, 0 

( r e s t a r t e d )  

NDA = Data segment advance increment ,  example, 2048 

NPO = Number of s p e c t r a  averaged between ou tpu t  c a l l s ,  

example, 2 0  

RC = I n t e g r a t i o n  time i n  seconds pe r  s p e c t r a ,  example, 0.168 

DF = Resolu t ion  bandwidth, s p e c t r a l  e s t i m a t e  spacing i n  

h e r t z ,  example, 6 2 - 5  

Date = Date o f  computer p r o c e s s i n g ,  example, 03/21/73 

Time = Time of  computer p roces s ing ,  example, 15:06:34 

Frame= Frame s e t  number, example, 10 

S e r i a l  = Film frame s e r i a l  number, example, 4 2 .  

Second l i n e :  DTA DA(1) DA(2) DA(3) NSA NRP NPP, where 

DTA = Detrending f i l t e r  parameter  a ,  example, 0.00195 

DA(1) = Detrending f i l t e r  average ,  K = l ,  example, 59.4 

DA(2) = Detrending f i l t e r  average ,  K = 2 ,  example, 0 

DA(3) = Detrending f i l t e r  average ,  K=3, example, 0 

NSA = Number of  periodograms averaged,  example, 2 0  

NRP = Number o f  d a t a  p o i n t s  p rocessed  s i n c e  spectrum 

i n i t i a l i z a t i o n ,  example, 43008 

NPP = Number of  d a t a  p o i n t s  p rocessed  s i n c e  d a t a  i n i t i a l -  

i z a t i o n ,  example, 43008. 



Thi rd  l i n e :  RUN, SESSION, DAY, MONTH, YEAR Gain c o r r . ,  r e c .  = 

t o t .  c o n s t r .  =, where 

Run and Sess ion  = t h e  t i t l e  o f  t h e  po r t r ayed  frame i d e n t i f y i n g  

t h e  d i g i t i z i n g  s e s s i o n  and run  number, 

example, 2 1  83 

Month, Day, Year = d a t e  d a t a  were recorded i n  t h e  mine, 

example, 8  25 73 

Gain c o r r .  r e c .  = r e c e i v e r  ga in  c o r r e c t i o n ,  example, -6  

t o t .  c o n s t .  = cons t an t  ga in  c o r r e c t i o n  of e n t i r e  system, 

example, -46.4 

Four th  l i n e :  C =, RG =, DG =, FG =, AG =, where 

C = c o r r e c t i o n  curve used w i th  d a t a ,  example, 25 

RG = r e c e i v e r  ga in  and accompanying c o r r e c t i o n  i n  dB added t o  

t h e  d a t a ,  example, 2 0 0  ( -6  dB) 

DG = d i g i t i z e r  ga in ,  example, 0 

FG = f i l t e r  ga in  i n  dB, o f t e n  rounded t o  n e a r e s t  s i n g l e  d i g i t ,  

example, 0 

AG = a b s o l u t e  ga in  c o r r e c t i o n  added t o  d a t a ,  example, 52 

F i f t h  l i n e :  Top of  Sca l e ,  Standard E r r o r ,  S p e c t r a l  Peak, where 

Top of  S c a l e  = l a r g e s t  s c a l e  marking f o r  computer drawn 
4 graph,  example, 1.000+004 (1.0 x  10  ) 

Standard E r ro r  = s t anda rd  e r r o r  of curve,  example, 0.3162 

S p e c t r a l  Peak = l a r g e s t  s p e c t r a l  peak observed,  example, 

4.108+003. (4.108 x  l o3 )  
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