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ABSTRACT 

Radio propagation measurements were conducted i n  a coal mine a t  U H F  
(200 t o  1000 MHz) and VLF (1 to  50 kHz) to  characterize the transmission 
loss  of intra-mine paths. The basic experimental parameters included 
frequency, polarization, path orientation and distance. Further t e s t s  
evaluated the performance of roof-bolt vs. loop antennas a t  VLF and 
paras i t ic  ref lectors  a t  UHF. 

Measurement resu l t s  a re  summarized i n  a s e r i e s  of transmission loss 
curves. Examples a re  presented to  show the use of these curves in pre- 
dicting the perfamancc of radio communication sys tms  i n  mines. 

INTRODUCTION 

This paper summarizes a coal mine communication f i e l d  t e s t  project 
conducted by Collins Radio as par t  of a continuing study. of coal mine 
comnunications for  the Bureau of Mines. The measurement and analysis 
e f f o r t  centers on the propagation character is t ics  of radio signals i n  
a working coal mine environment. The in ten t  of the resulting data i s  
t o  provide basic propagation loss character is t ics  in a form convenient 
for  establishing requirements and evaluating a l te rna te  approaches f o r  
an integrated mine communications system. The goal of such a system 
i s  to  sa t i s fy  b o t h  operational and emergency cmunica t ion  needs i n  the 
mine. 

Field testing was conducted during the l a s t  week of November, 1972, 
a t  a coal mine operated by Inland Steel Company, near Sesser, IL. The mine 
has a vert ical  shaf t  entry w i t h  750 f e e t  of overburden and i s  located 
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i n  the I l l inois  No. 6 seam. A t  present, the mine i s  8,000 f e e t  North- 
South by 13,000 f e e t  East-West w i t h  an ultimate s ize  3 miles North- 
South by 7.5 miles East-West. All tunnels and haulage ways are 14 fee t  
wide by 7-8 f e e t  high w i t h  p i l la rs  running 60 f e e t  by 74 fee t .  Roof 
bolts are 6 to 9 f ee t  in length and secured by expansion achors. The 
roof bolts are placed on 4 foot centers throughout the mine. 

The t e s t  area extended along a 4450 foot segment of the main west entry. 
The tunnel i n  which measurements were taken was the same as used for  
haulage of men and supplies via battery-operated, rubber t i r e  vehicles. 
This tunnel also contained a 7200 VAC, 3-phase prime power cable suspended 
from the roof. A cross section of the tunnel i s  shown i n  f igure 1. 
Measurements of corner attenuation were made a1 ong cross-cuts a t  right 
angles to the main tunnel. A typical corner geometry i s  shown in figure 
2, 

UHF TESTS 

A t  UHF, transmission loss along the main tunnel and around corners was 
measured as a function of frequency, polarization and distance. All 
UHF t e s t s  ut i l ized a 20-watt source and h/4 ground plane antennas f o r  
transmission and standard h / 2  dipole antennas for  reception. A t  each 
receiverpoint, a ser ies  of measurements was made to determine local 
signal strength variation over a range of several wavelengths. Hori- 
zontal and vertical polarization measurements were conducted to determine 
the extent of signal depolarization. Measurements were continued a1 ong 
the main tunnel and around corners a t  appropriate intervals determined 
by the ra te  of signal attenuation. Measurements were continued outward 
from the transmitter until  no further  signal could be detected. Trans- 
mission loss measurement accuracy i s  - +2.5 dB based on receiver and antenna 
caT i bration to1 erances , 

The observed signal attenuation along the main tunnel i s  shown i n  f igures 
3,  4, and 5 for  200, 415, and 1000 MHz respectively. Attenuation i s  
plotted as the power transfer ra t io  between isotropic antennas (basic 
transmission loss)  for  the indicated polarizations. Transmission loss 
may be combined direct ly w i t h  equipment parameters to  establish comnuni- 
cations performance. 

Significant propagation characteristics are: 

a )  Attenuation ( in  dB) increases nearly linearly w i t h  
increasing di stance. 

b) Horizontal polarization produces significantly lower 
transmission loss a t  a given distance than does 
vertical polarization. Cross polarization produces 
a loss intermediate between horizontal and vert ical .  

c )  Transmission loss decreases significantly a t  a given 
distance as the frequency i s  increased from 200 to 
1000 MHz. 



Linear attenuation (in dB) versus distance i s  a charac te r i s t ic  of wave- 
guide propagation; the tunnel geometry a lso suggests a guided mode of 
propagation. From the  slope of the attenuation curves, at tenuation r a t e s  
have been determined as  shown i n  f igures  3-5. The values f o r  200 MHz 
a re  considered t o  be very approximate because they a re  based on a small 
number of data points. For comparison, Fanner and shephardl report  a 
value of 12 dB/lOO1 a t  160 MHz f o r  s t r a igh t  passageways underground and 
i n  buildings. 

Wi th  the main tunnel measurements as a reference, data were a lso obtained 
around corners. Observed corner attenuation i s  shown i n  f igures  6,  7, 
and 8 f o r  200, 415, and 1000 MHz, respectively. Corner attenuation 
is plotted i n  dB r e l a t i ve  t o  the horizontally polarized signal level 
observed i n  the center of the main tunnel. Significant propagation 
charac te r i s t ics  are:  

a )  Signal at tenuation imnediately around a corner i s  
consi derabl e a t  a1 1 three frequencies. 

b) Complete signal depolari zation i s  observed around 
the corner. 

Because of the h i g h  at tenuation of a s ingle  corner, propagation around 
mu1 t i p l e  corners i s  expected t o  be even more severely attenuated. 
Consequently, the signal exis t ing a t  any point can be reasonably assumed 
to  have followed the path including the l e a s t  number of corners. The 
transmission loss a t  any p o i n t  along 2 cross tunnel can then be estimated 
by adding the attenuation from the appropriate curve i n  f igure  6, 7, o r  8 
t o  the transmission loss  corresponding t o  the distance along the main tunnel 
back to  the transmitter.  

One possible UHF communications system consis ts  of a 20-watt base s ta t ion  
and 1-watt walkie-talkie. As shown i n  Table 1-A, the base to  walkie- 
t a lk i e  1 i n k  has a "range" of 156 dB wherein sa t i s fac tory  comnunications 
can be obtained. Comnunications coverage can thus be determined by comparing 
the predicted transmission loss t o  the 156 dB l imi t .  

VLF TESTS 

A t  VLF, the transmission loss  and f i e l d  strength were measured as  
a function of frequency, distance,  and antenna or ientat ion.  All VLF 
t e s t s  u t i l i zed  a 7-watt source w i t h  roof bol t  ( l i n e  source) antennas 
f o r  transmission and standard loop or  roof bo l t  antennas f o r  reception. 
The l i ne  source antenna was established by clamping a pair  of wire leads 
t o  two roof bol t  heads separated by 52 f ee t .  A t  each receive point, 
signal strength readings were made f o r  two orthogonal posit ions of the 
roof bol t  antenna and three orthogonal positions f o r  the  loop. The e n t i r e  
measurement sequence was then repeated f o r  a second or ientat ion of the 
transmit antenna. Measurements were conducted a t  three points spaced 
a t  in tervals  determined by the r a t e  of signal at tenuation.  Transmission 
loss  measurement accuracy i s  - +2 dB based on receiver cal ibrat ion tolerance. 



Observed s igna l  a t tenua t i on .  f o r  in t ra -mine r o o f  bo l  t - t o - r o o f  bo l  t antennas 
i s  shown i n  f i g u r e  9. A t tenua t i on  i s  p l o t t e d  as the  power t r a n s f e r  r a t i o  
between the  r o o f  b o l t  antenna te rmina ls .  Transmission l o s s  may be added 
d i r e c t l y  t o  t r a n s m i t t e r  power t o  determine t h e  rece ived s igna l  l e v e l  ( a v a i l -  
ab le  power i n t o  matched load) .  S i g n i f i c a n t  propagat ion cha rac te r i  s t i c s  
are: 

a )  Minimum transmiss ion l o s s  occurs f o r  t he  end-to-end 
antenna o r i e n t a t i o n .  

b) Transmission l o s s  i s  r e l a t i v e l y  f l a t  versus frequency. 

cc) The a t t e n u a t i o n  r a t e  i s  approximately 5 dB/100' 
averaged over  a1 1  f requencies and antenna o r i e n t a t i o n s .  

The a v a i l a b l e  measurements do n o t  f u l l y  cha rac te r i ze  the  propagat ion 
behavior. I n  p a r t i c u l a r ,  measurements over  a  g rea te r  range o f  d is tance,  
frequency and r o o f  b o l t  spacing a r e  des i rab le .  However, t he  range 
o f  a  r o o f  b o l t  vo i ce  r a d i o  system can be est imated from measured data. 
For a  25-watt t r a n s m i t t e r  and o t h e r  parameters as shown i n  Table lB, 
the  "range," o f  a  t y p i c a l  system i s  158 dB. Assuming t h a t  t he  curves 
o f  f i g u r e  9  ex t rapo la te  a t  5 dB/100, 158 dB t ransmiss ion l o s s  then occurs 
a t  a  d is tance o f  1200 t o  1400 f e e t ,  depending on antenna o r i e n t a t i o n .  

Observed f i e l d  s t r e n g t h  f o r  i n t ra -m i  ne r o o f  bo l  t - t o - l oop  antennas 
i s  shown i n  f i g u r e  10. F i e l d  s t r e n g t h  i s  shown as the  magnetic f i e l d  
i n t e n s i t y  i n  dB/,uA/m. Th is  q u a n t i t y  i s  chosen r a t h e r  than t ra r ,sn iss ion  
l o s s  t o  f a c i l  i t a t e  t r a d e - o f f  s tud ies  i n v o l v i  ng 1  oop parameters such 
as s i z e  and weight. F i e l d  s t r e n g t h  measurement accuracy i s  - +2 dB based 
on r e c e i v e r  and l oop  c a l  i b r a t i o n  to lerances.  

S i g n i f i c a n t  propagat ion cha rac te r i s  t i  cs are: 

a) Maximum f i e l d  s t reng th  occurs w i t h  the  v e r t i c a l  
magnetic d i p o l e  o r i e n t e d  along t h e  a x i s  o f  t h e  
r o o f  bo l  t antenna. 

b)  F i e l d  s t r e n g t h  i s  r e l a t i v e l y  f l a t  ve isus frequency. 

c') The a t t e n u a t i o n  r a t e  i s  approximately 4 dB/lOO1 
averaged over  a1 1  f requencies and antenna o r i e n t a t i o n s .  

The range o f  a  r o o f  bo l  t - t o - l oop  vo i ce  bandwidth r a d i o  system can be 
est imated from measured data. Assuming t h e  equipment parameters l i s t e d  
i n  t a b l e  1B and a  30-inch diameter, 20- turn l oop  f o r  rece iv ing ,  t he  
requ i red  f i e l d  s t reng th  i s  -14dB/'A/m a t  50 kHz and +20 dB/~A/rn a t  1  kHz. 
Fu r the r  assuming t h a t  t h e  curves o f  f i g u r e  10 ex t rapo la te  a t  4  dB/10O1. 
the  minimum u s e f u l  f i e l d  s t rengths  a r e  reached a t  approximately 1500 f e e t  
a t  50 kHz and 800 f e e t  a t  1  kHz when the  l oop  i s  o r i e n t e d  as a  VMD. 
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TABLE 1 COMMUNICATION LINK CALCULATIONS 

(A) UHF, 2-WAY FM RADIO 

Transmit Power, Pt = +13 dBW 

Transmi t Antenna Gain, Gt = 0 dB1 

Receive Antenna Gain, G, = 0 dDi 

ReceiveSensi t iv i ty* ,  Pr = -143dBW 

System "Range" = Pt + Gt + Gr - Pr 

= 156 dB 

*0.5uV f o r  20 dB qu ie t ing  

Transmit Power, 

External Noise, 

Receiver Noise, . 

Tota l  Noise 

Requ i red SNR* 

System "Range" = Pt - N, - SNRo 
C 

= 158 dB 

A r t i c u l a t i o n  index = 0.3 
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