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FOREWORD 

This r epor t  was prepared by Arthur D .  L i t t l e ,  I n c . ,  Cambridge, Massachusetts 
under USBM Contract  No. H0122026. The con t rac t  was i n i t i a t e d  under t h e  
Coal Mine Health and Safe ty  Research Program. It was administered under 
the  t echn ica l  d i r e c t i o n  of t h e  P i t t sburgh  Mining and Safe ty  Research Center 
with M r .  Howard E .  Parkinson a c t i n g  a s  the  t echn ica l  p r o j e c t  o f f i c e r .  
M r .  F rancis  M. Naughton was t h e  con t rac t  adminis t ra tor  f o r  t h e  Bureau of 
Mines. 

This r epor t  i s  a  summary of t he  work r ecen t ly  completed a s  p a r t  of t h i s  
con t r ac t  during the  period August 1971 t o  December 1973. This r e p o r t  was 
submitted by t h e  au thors  i n  January 1974. 
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INTRODUCTION 

This  f i n a l  r e p o r t  documents t h e  work done by Arthur  D.  L i t t l e ,  I n c .  (DL) 
on beha l f  of t h e  U.S, Bureau of Mines, I ' i t tsburgh Mining and Sa fe ty  Research 
Center  (PMSRC) , on Cont rac t  80122026 (which began i n  August of 1971) .  
Under t h i s  c o n t r a c t  ADL provided t e c h n i c a l  a s s i s t a n c e  t o  t h e  Bureau on a 
t a s k  b a s i s  on v i r t u a l l y  a l l  a s p e c t s  of  t h e  Bureau's programs r e l a t e d  t o  
p r e sen t  and planned emergency and o p e r a t i o n a l  communications and miner 
l o c a t i o n  systems f o r  underground c o a l  mines. The work c o n s i s t e d  of i n -  
dependent i n v e s t i g a t i o n s ,  ana ly se s ,  exper iments ,  breadboard and p ro to type  
hardware development, workshops and technology t r a n s f e r  seminars  on mine 
communications, and on-going eva lua t i ons  and guidance r e l a t e d  t o  t h e  
Bureau's con t r ac t ed  programs on e lec t romagnet ic  n o i s e ,  mine communica- 
t i o n s  systems,  and t rapped  miner l o c a t i o n .  This  f i n a l  r e p o r t  documents 
t h e  work i n  two volumes, Volume I, ItEme:rgency and Opera t iona l  Mine Commun- 
i c a t i o n s , "  and Volume 11, "Seismic Detec t ion  and Locat ion of I s o l a t e d  Miners." 
The Tables  of Contents of bo th  Volumes a r e  inc luded  i n  each Volume. 

Phase I of t h e  c o n t r a c t  was devoted t o  performing an in-depth assessment 
of  e l ec t romagne t i c  n o i s e  measurements t aken  by s e v e r a l  c o n t r a c t o r s  and 
o t h e r  i n v e s t i g a t o r s ,  and then d e f i n i n g  a new n o i s e  measurement program 
and i n s t rumen ta t i on  system t a i l o r e d  t o  o b t a i n  t h e  necessary  b u t  miss ing  
n o i s e  d a t a .  These d a t a  a r e  r equ i r ed  f o r  use  i n  t h e  des ign  of  new emergency 
and o p e r a t i o n a l  communication systems. This  work, and t h e  follow-on 
coo rd ina t i on  and guidance a c t i v i t i e s  of ADL on t h i s  n o i s e  measurement 
program i n  subsequent phases  of t h e  c o n t r a c t ,  a r e  t r e a t e d  i n  P a r t  One of  
Volume I. 

The l a t t e r  p a r t  of  Phase I and p a r t  of Phase I1 inc luded  p re l im ina ry  per- 
formance p r e d i c t i o n s  r e l a t e d  t o  through-the-earth e lec t romagnet ic  com- 
munication systems. These p r e d i c t i o n s  were based on a v a i l a b l e  t h e o r e t i c a l  
s i g n a l  p ropaga t ion  r e s u l t s  and on r e c e n t l y  acqui red  n o i s e  d a t a  a t  s e v e r a l  
c o a l  mines.  This  work i s  t r e a t e d  i n  P a r t  Two of Volume I. 

I n  Phases 11, I V  and V ,  i n v e s t i g a t i o n s  were conducted r e l a t e d  t o  w i r e ,  
guided-wireless  and w i r e l e s s  communicat:ions systems f o r  communicating 
w i th  rov ing  v e h i c l e s  and personne l  underground. This  work i s  documented 
a s  fo l lows .  P a r t  Three of  Volume I t r e a t s  guided w i r e l e s s  c o m u n i c a t i o n s  
v i a  l eaky  c o a x i a l  c a b l e ;  P a r t  Four t r e a t s  w i r e l e s s  communications i n  mine 
t unne l s  a t  UHF f r equenc i e s ;  P a r t  Five t r e a t s  guided w i r e l e s s  c o ~ u n i c a t i o n s  
down deep h o i s t  s h a f t s ;  P a r t  S i x  t r e a t s  a s p e c t s  of t r o l l e y  w i r e  comunica-  
t i o n s ;  and P a r t  Seven t r e a t s  a new mine pager t e lephone  t o  p u b l i c  t e lephone  
i n t e r connec t  system. 
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Another a s p e c t  of  Phase V inc luded  t a s k s  f o r  p rov id ing  a s s i s t a n c e  r e l a t e d  
t o  technology t r a n s f e r  seminars  on mine communications and t o  a workshop 
on through-the-earth e l ec t romagne t i c s .  P a r t  E igh t  of Volume I t r e a t s  
t h i s  work. Under Phases 11, I V ,  and V ,  ADL a l s o  provided a wide v a r i e t y  
of shor t - te rm t e c h n i c a l  support  and consu l t i ng  s e r v i c e s  n o t  d i scussed  i n  
t h e  above mentioned P a r t s .  This  short - term work i s  t r e a t e d  i n  P a r t  Nine 
of  Volume I ,  

I n  Phase 111 of t h e  c o n t r a c t ,  ADL performed another  in-depth assessment 
on a compressed t ime schedule ,  t o  provcde PMSRC wi th  independent tech-  
n i c a l  judgments regard ing  t h e  p o t e n t i a l s  and l i m i t a t i o n s  of  s e i smic  
methods and systems f o r  d e t e c t i n g  and l o c a t i n g  i s o l a t e d  miners .  Volume I1 
of  t h i s  r e p o r t  is devoted e n t i r e l y  t o  t h e  t rea tment  of t h i s  work. 

During t h e  course  of t h i s  c o n t r a c t  we prepared over  f o r t y  working mem- 
oranda, t e c h n i c a l  r e p o r t s ,  seminar papers ,  and workshop summary r e p o r t s ,  
i n  a d d i t i o n  t o  many in formal  memoranda and t h e  monthly t e c h n i c a l  r e p o r t s ,  
t o  keep PMSRC informed of t h e  p rog re s s  and f i n d i n g s  of  our  work a s  they  
developed. This  f i n a l  r e p o r t  is based on t h e s e  prev ious  memoranda and 
r e p o r t s .  
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PART ONE 

ASSESSMENT OF ELECTROMAGNETIC NOISE DATA 
AND DEFINITION OF A NEW MEASUREMENT PROGRAM 

The f i r s t  phase of our  work f o r  PMSRC on t h i s  c o n t r a c t  was devoted t o  a  

comprehensive and in-depth assessment of e lec t romagnet ic  (EM) n o i s e  

measurements and d a t a  taken by s e v e r a l  c o n t r a c t o r s  f o r  use i n  t he  des ign  

of o p e r a t i o n a l  and emergency mine communications. P e r t i n e n t  measurements 

and d a t a  of o t h e r  s e l e c t e d  i n v e s t i g a t o r s  were a l s o  included i n  t h e  eva l -  

ua t i on .  This  assessment t r e a t e d  t h e  measurements and in s t rumen ta t i on  

used,  t h e  d a t a  a n a l y s i s  and p r e s e n t a t i o n  methods, and t h e  u t i l i t y  of t h e  

f i n a l  r e s u l t s .  This phase concluded wi th  t h e  i d e n t i f i c a t i o n  of t h e  most 

u s e f u l  r e s u l t s  and methods, t h e  remaining d a t a  gaps,  t h e  c o n t r a c t o r  most 

q u a l i f i e d  t o  f i l l  t he se  d a t a  gaps,  and t h e  d e f i n i t i o n  (with PMSRC and 

t h i s  c o n t r a c t o r  - NBS, Nat iona l  Bureau of Standards)  of  a  follow-on 

n o i s e  measurement program, i n s t rumen ta t i on  system, and d a t a  process ing  

methods t a i l o r e d  t o  o b t a i n  t h e  necessary  b u t  missing n o i s e  d a t a .  A 

p a r t i a l  b ib l i og raphy  of r e f e r ences  r e l a t e d  t o  e lec t romagnet ic  and se i smic  

n o i s e  and propagat ion i n  t h e  frequency bands of  i n t e r e s t  was a l s o  compiled 

dur ing  t h i s  f i r s t  phase.  The body of  t h i s  P a r t  of t h e  f i n a l  r e p o r t  pre- 

s e n t s  a  summary of  t h e  f i nd ings  of our  EM n o i s e  assessment ,  t o g e t h e r  w i th  

d e t a i l e d  recommendations regard ing  t h e  new n o i s e  measurements t o  be taken 

and t h e  i n s t rumen ta t i on  and d a t a  processsing methods t o  be used. This  

work was done dur ing  t h e  l a t t e r  p a r t  of 1971 and t h e  e a r l y  p a r t  of 1972. 

During subsequent phases  of t h e  c o n t r a c t  ADL was asked t o  perform on-going 

e v a l u a t i o n s  of t h e  cont inu ing  program of e lec t romagnet ic  (EM) n o i s e  and 

propagat ion measurements made by Bureau c o n t r a c t o r s ,  and t o  u t i l i z e  per- 

t i n e n t  d a t a  from these  measurements t o  make performance e s t ima te s  f o r  

Arthur I) Littlelnc. 



candida te  operat ional /emergency EM mine communication and l o c a t i o n  systems.  

I n  t h i s  adv isory  and coo rd ina t i ng  c a p a c i t y ,  ADL p a r t i c i p a t e d  i n  program 

s t a t u s  and system review meetings w i th  t h e  NBS n o i s e  measurement team 

and o t h e r s ,  kep t  i n  c l o s e  touch w i th  t h i s  team between meet ings ,  and 

u t i l i z e d  s e l e c t e d  p o r t i o n s  o f  t h e  d a t a  a s  they  became a v a i l a b l e .  The 

p r i n c i p a l  f i n d i n g s ,  and conc lus ions  of t h e s e  meetings have been inc luded  

i n  t h e  Appendix t o  t h i s  P a r t .  They s e r v e  a s  a convenient  r e f e r e n c e  t o  

t h e  h i s t o r i c a l  development of  t h e  follow-on n o i s e  measurement program 

and a s s o c i a t e d  i n s t rumen ta t i on .  A s  of t h e  F a l l  of  1973 t h i s  measurement 

program has  been l a r g e l y  completed, and t h e  i n s t rumen ta t i on  system and 

n o i s e  d a t a  a r e  be ing  documented by NBS. 

The m a t e r i a l  summarized i n  t h i s  P a r t  and i t s  Appendix is based on s e v e r a l  

t e c h n i c a l  r e p o r t s  and working memoranda c r e a t e d  dur ing  t h e  f i r s t  and sub- 

sequent  phases  of t h i s  c o n t r a c t .  Performance e s t i m a t e s  r e l a t e d  t o  cand ida t e  

e l ec t romagne t i c  through-the-ear th  mine communication and l o c a t i o n  systems 

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

'4rthur I )  l..ittle, Inc: 



1 SUMMARY - ELECTROMAGNETIC NOISE ASSESSMENT AND RECOMMENDED MEASURE- 
MENT PROGRAE 

Five  c o n c l u s i o n s  t h a t  emerged from ADL ' s  C o n t r a c t o r  Noise  Measurements 

Assessment done i n  t h e  w i n t e r  of  1971-72, and t h e  7  December 1971  Bureau o f  

Mines c o n t r a c t o r s '  Round Table  Meeting i n  Boulder ,  Colorado were : 

a  l i m i t e d  amount of good d a t a  h a s  been 

ob t a i n e d  f o r  c h a r a c t e r i z i n g  t h e  n o i s e  

environment  f o r  e l e c t r o m a g n e t i c  (EM) c o a l  

mine opera t iona l / emergency  communications 

s y s  t e m s  ; 

s i g n i f i c a n t  n o i s e  d a t a  gaps  s t i l l  e x i s t ;  

s u i t a b l e  i n s t r u m e n t a t i o n  and d a t a  a n a l y s i s  

methods a r e  a v a i l a b l e  f o r  f i l l i n g  t h e s e  

d a t a  g a p s ;  

t h e  immediate and most i m p o r t a n t  d a t a  gaps 

s h o u l d  b e  f i l l e d  by means of  a  t i m e l y  f i e l d  

measurement e f f o r t  t h a t  i s  p u r p o s e l y  l i m i t e d  

i n  scope  and d u r a t i o n ;  

t h i s  f i e l d  measurement e f f o r t  s h o u l d  p r e f e r -  

a b l y  b e  c a r r i e d  o u t  by a  t'eam knowledgeable 

and e x p e r i e n c e d  i n  c o a l  mi,ne EM n o i s e  

measurements . 
T a b l e s  1, 2 ,  and 3* summarize some of  o u r  f i n d i n g s  and c o n c l u s i o n s  

w i t h  r e g a r d  t o  t h e  EM n o i s e  measurements,  p r o c e s s i n g  t e c h n i q u e s ,  and 

r e s u l t s  f o r  each  o f  t h e  Bureau of Mines c o n t r a c t o r s  and f o r  some o t h e r  

i n v e s t i g a t o r s .  Table  1 d e p i c t s  t h e  n o i s e  measurements made by each of 

t h e  c o n t r a c t o r s  and i n v e s t i g a t o r s  w i t h  r e s p e c t  t o  f r equency  bands 

covered ,  mine v e r s u s  non-mine, and o p e r a t i o n a l  v e r s u s  n o n - o p e r a t i o n a l  

c o n d i t i o n s ;  t o g e t h e r  w i t h  a  g r a p h i c a l  i n d i c a t i o n  of t h e  s i z e  of t h e  

d a t a  gaps remaining i n  each  o f  t h e  f requency  bands of  i n t e r e s t .  Tab le  2  

is a more d e t a i l e d  l i s t i n g  o f  s p e c i f i c  c o a l  mine l o c a t i o n s  and n o i s e  

s o u r c e s  of i n t e r e s t ,  and an i d e n t i f i c a t i o n  of  t h o s e  t r e a t e d  i n  each  

i n v e s t i g a t o r ' s  measurements,  a g a i n  w i t h  an  a p p r o p r i a t e  r a t i n g  o f  t h e  

s i z e  of t h e  d a t a  gaps remaining.  Tab le  3 p r e s e n t s  a l i s t i n g  o f  

i n v e s t i g a t o r s ,  an  i d e n t i f i c a t i o n  of  t h e i r  measurement and d a t a  p r o c e s s i n g  

* References  t o  F i g u r e s ,  T a b l e s ,  and Equa t ions  a p p l y  t o  t h o s e  i n  t h i s  
P a r t  u n l e s s  o t h e r w i s e  n o t e d .  

Arthur D Little, Inc 



TABLE 1 

GENERAL SUMMARY OF PAST MEASUREMENTS, FREQUENCIES, A N D  D A T A  GAPS 

CSM COLORADO SCHOOL OF MINES 
ITS INSTITUTE FOR TELECOMMUNICATION SCIENCES 
NBS NATIONAL BUREAU OF STANLARDS 
WGL WESTiNGHOUSE GEORESEARCH LABORATORY 
WVU WEST VIRGINIA UNIVERSITY 
L L  MIT LINCOLN LABORATORY 

(1  DATA LIMITED IN AMOUNT OR UTILITY 
12) PAST WORK - NOT FOR BU MINES 
(3) PLANNED BUT NOT STARTED 

I 

MEASUREMENT FREQUENCYRANGE 
SITES AND NOISE 

ALL MEASUREMENTS WITHOUT A (2) 
NOTE WERE DONE FOR BU MINES 

CONDITIONS 3 

I N  MINE 

(MAN-MADE NOISE) 

OPE RATIONAL 

NON-OPE RATIONAL 

RELATIVE DATA GAPS 

ABOVE MINE 

(MAN MADE NOISE) 

OPERATIONAL 

NON-OPERATIONAL 
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TABLE :2 

SUMMARY OF PAST MEASUREMENT LOCATIONS, CONDITIONS, AND DATA GAPS 

CSM COLORADO SCHOOL OF MINES 
ITS INSTITUTE FOR TELECOMMUNICATION SiCI ENCES 
NBS NATIONAL BUREAU OF STANDARDS 
WGL WESTINGHOUSE GEORESEARCH LABORfrTORY 
WVU WEST VIRGINIA UNIVERSITY 
L L  MIT  LINCOLN LABORATORY 

MEASUREMENT 
SITES AND NOISE 
CONDITIONS 

IN MINE 

OPERATIONAL 
PWR BOREHOLES 

AC & DC POWER CENTERS 

DC TROLLEY LINES 

AC POWER LINES 

HAULAGE TRAINS 

MlNE MACHINERY 

QUIET PLACESITIMES 

WORKING FACES 

NON-OPERATION AL 

PWR BOREHOLES 

OTHER PLACES 

ABOVE MINE 
OPERATIONAL 

PWR BOREHOLES 

POWER LINES 

PWR SUBSTATIONS 

MINE MOUTH PWR STATIONS 

OVER WORKING FACES 

OVER OTHER SECTIONS 

NON-OPERATIONAL 
PWR BOREHOLES 

PW R SUBSTATIONS 

MINE MOUTH PWR STATIONS 

POWER LINES 

NON-M I NE 

MAN-MADE 

ATMOSPHER lC 

NOTES ( INDICATED AT  MAJOR HEADINGS OPEfRATlONAL AND 
NON-OPERATIONAL ALSO APPLY TO THE CORRESPONDING SUBHEADINGS 

( 1 )  DATA LIMITED IN AMOUNT OR UTILITY 
(2) PAST WORK - NOT FOR BU MINES 
(3) PLANNED BUT NOT STARTED 

DATA GAPS: LARGE - L 
MODERATE - M 
SMALL - S 

INVESTIGATORS 

DATA 
CSM ITS NBS WGL WVU L L  OTHER GAPS 

(1) (1) (1) 
x x x  X  

X  X  M 

? x x M 

X X ?  
X  M 

X u  X  M 

X X  X  M 

? X  L . 
X  X  L 

L 
( 1  I 

X  
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X  L 

(1) (1) (1) 
x 'x  x 
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? X  ? L 
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(1) (1) (1) 
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X  X  X  
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51E.21 11.2, .,(I2 (1.2) 
X X  X  X  
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TABLE 3 

SUMMARY O F  PAST MEASUREMENTS, PROCESSING METHODS, AND RESULTS 

CSM COLORADO SCHOOL OF MINES 
ITS INSTITUTE FOR TELECOMMUNICATION SCIENCES 
NBS NATIONAL BUREAU OF STANDARDS 
WGL WESTINGHOUSE GEORESEARCH LABORATORY 
WVU WEST VIRGINIA UNIVERSITY I 

L L  MIT LINCOLN LABORATORY 

EM NOISE MEASUREMENTS, 
PROCESSING METHODS, 
AND RESULTS 

METHODS 

ANALOG TAPE RECORD 

TUNABLE RCVRIWAVE ANALYZER 

DIGITAL PROCESSING 

FFT POWER SPECTRUM 

STATISTICAL (AMP./TIME) 

ON-SITE ANALYSIS 

POST-SITE ANALYSIS 

WIDE BAND (>I00 Hz) 

NARROW BAND (<I00 Hz) 

TlME AVERAGED (LONG) 

SIMULTANEOUS 

FREQUENCIES 

SENSORS 

SEQUENTIAL 

FREQUENCIES 

SENSORS 

LONG TERM 

SHORT TERM 

CALIBRATIONS 

RESULTS 

ANALOG NOISE RECORDINGS 

CONTINUOUS POWER SPECTRA 
(HARMONICS 81 BROADBAND NOISE) 

HI-RESOLUTION 

MOD-RESOLUTION 

DISCRETE PWR SPECTRUM SAMPLES 

HARMONICS 

SELECT FREQUENCIES 

SWEPT PWR SPECTRA 

NOISE SOURCE SIGNATURES 

AMPLITUDE STATISTICS 

TIME STATISTICS 

SPATIAL VARIATIONS 

TIME VARIATIONS 

ELECTRIC FIELD 

MAGNETIC FIELD 

(1  DATA LIMITED IN AMOUNT OR UTILITY 
(2) PAST WORK - NOT FOR BU MINES 
(3) PLANNED BUT NOT STARTED 
(4) DIRECT DIGITAL RECORDING ALSO 
(5) GEOGRAPHICAL 
@ INDICATE THE MOST PREFERRED METH03S 

AND RESULTS TO CHOOSE FROM FOR 
FUTURE MEASUREMENTS 
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methods and n o i s e  r e s u l t s ,  t o g e t h e r  w i t h  an i n d i c a t i o n  of which methods 

and r e s u l t s  s h o u l d  b e  most s u i t e d  f o r  f:uture measurement e f f o r t s .  

Recommendations f o r  t h e  implementa t ion  o f  t h e  n e x t  ~ h a s e *  o f  t h e  Bureau 

of Mines n o i s e  measurement programs a r e  p r e s e n t e d  i n  t h i s  P a r t .  T h i s  

n e x t  phase  w i l l  b e  aimed a t  f i l l i n g  t h e  most c r i t i c a l  d a t a  gaps .  The 

fo l lowing  recommendations a r e  based  on t h e  above f i n d i n g s  and on t h e  

conc lus ions  reached dur ing  a  two-day cclnference between key s t a f f  of t h e  

Bureau of Mines, NBS, ITS and ADL i n  Bclulder, Colorado on 1 3  and 1 4  March 

1972- a  confe rence  convened f o r  t h e  e x p r e s s  purpose  of de te rmin ing  t h e  

most e f f i c i e n t  and p r a c t i c a l  means f o r  o b t a i n i n g  t h e  r e q u i r e d  d a t a .  

I n  b r i e f ,  a  l i m i t e d  n o i s e  measurement e f f o r t ,  c a l l e d  a  s c o u t i n g - p a r t y  

e x p e d i t i o n ,  i s  recommended. Measurements shou ld  b e  c o n c e n t r a t e d  i n  t h e  

f requency band from about  40Hz t o  400kHz, w i t h  perhaps  some l i m i t e d  exam- 

i n a t i o n  of lower  f r e q u e n c i e s  and o f  h i g h e r  f r e q u e n c i e s  up t o  abou t  30mHz. 

The e f f o r t  s h o u l d  be  one c e n t e r e d  around shor t - t e rm measurements of EM 

man-made n o i s e ,  a t  l o c a t i o n s  of p r a c t i c a l  and s t r a t e g i c  i n t e r e s t ,  i n  and 

above one o r  two r e p r e s e n t a t i v e  c o a l  mines a s  summarized i n  Tables  4 and 5. 

The main emphasis w i l l  b e  on s imul taneous  wideband magne t ic  t a p e  record-  

i n g s  o f  t h e  n o i s e  magne t ic  f i e l d  components. F i e l d  s t r e n g t h  m e t e r s  

modi f i ed  t o  measure n o i s e  power w i l l  b e  used t o  a  more l i m i t e d  e x t e n t ,  

and mainly a t  t h e  h i g h e r  f r e q u e n c i e s  . Highly p o r t a b  l e y  b a t t e r y  powered, 

compact equipment w i l l  b e  used t o  minimlze t i m e  and confus ion  i n  t h e  

mines .  Data  p r o c e s s i n g  and a n a l y s i s  of  t h e  n o i s e  t a p e s  w i l l  b e  conducted 

back  a t  t h e  l a b o r a t o r y  u t i l i z i n g  a v a i l a b l e  and r e l i a b l e  d i g i t a l  methods 

and computer s o f t w a r e ,  and some c o n v e n t i o n a l  ana log  methods. High- and 

modera te - reso lu t ion  n o i s e  power s p e c t r a  w i l l  b e  o b t a i n e d ,  and when 

a p p r o p r i a t e ,  n o i s e  ampl i tude  and t i m e  s t a t i s t i c s .  The n o i s e  measurements 

w i l l  b e  made p r i m a r i l y  i n  l o c a t i o n s ,  and under c o n d i t i o n s ,  where t h e  d a t a  

gaps  a r e  p r e s e n t l y  moderate- to- large  and o f  h i g h  p r i o r i t y ;  such a s  i n  and 

above working s e c t i o n s ,  where t h e r e  i s  a need t o  p r o v i d e  wireless commu- 

n i c a t i o n s  t o  s u p e r v i s o r y ,  maintenance,  and s a f e t y  p e r s o n n e l .  Long-term 

measurements of a tmospher ic  n o i s e  on t h e  s u r f a c e  a r e  p r e s e n t l y  n o t  o f  

* A s  o f  t h e  s p r i n g  of  1972 .  
1.7 
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h igh  p r i o r i t y ;  because man-made n o i s e  is expected t o  dominate on t h e  

s u r f a c e  above c o a l  mines, and because e x i s t i n g  atmospheric  n o i s e  d a t a ,  

through s p a r s e  i n  some frequency bands, appear  t o  be  adequate  f o r  making 

f i r s t - o r d e r  system performance e s t i m a t e s  and comparisons. Heavy depend- 

ence is p l aced  on t h e  p r i o r  demonstrated c a p a b i l i t i e s  of NBS and ITS i n  

r eco rd ing  and ana lyz ing  e lec t romagnet ic  no ise .  

The "scout ing-par ty"  f i e l d  measurement e f f o r t  is purposely be ing  designed 

t o  be  of l i m i t e d  scope and d u r a t i o n  i n  o rde r  to :  o b t a i n  a r a p i d  and 

b e t t e r  i n d i c a t i o n  of t h e  n a t u r e  and s e v e r i t y  of t h e  c o a l  mine EM n o i s e  

environment; i d e n t i f y  t h e  most c r i t i c a l  cond i t i ons  and parameters ;  and 

he lp  i d e n t i f y  t h e  most f a v o r a b l e  f r equenc i e s  f o r  mine operat ional /emergency 

communications. The remainder of t h i s  P a r t  p r e s e n t s  an abb rev i a t ed  

d e s c r i p t i o n  o f ,  and ques t i ons  r e l a t e d  t o ,  t h e  i n s t rumen ta t i on  and d a t a  

p roces s ing  methods t h a t  were d i s cus sed  a t  t h e  March meeting i n  Boulder.  

Th i s  P a r t  i nc ludes  a p a r t i a l  equipment l i s t  and b lock  diagrams f o r  t h e  

i n s t rumen ta t i on  t o  t h e  e x t e n t  t h a t  they  a r e  p r e s e n t l y  de f ined  and i n  

a d d i t i o n  documents t h e  main f i n d i n g s  and conclusion of t h e  March Boulder 

meeting, and s e r v e s  a s  a framework from which t h e  f i e l d  measurement in -  

s t r umen ta t i on ,  d a t a  p rocess ing ,  and test  p l an  d e t a i l s  can be  f i n a l i z e d  

by t h e  j o i n t  NBS/ITS team t h a t  w i l l  perform t h e  measurements under t h e  

guidance of t h e  Bureau of Mines.* 

11. CONFERENCE PARTICIPANTS A.m-TENTATIVX-PROGRAM ASSIGNMENTS 

The March, 1972, Boulder conference p a r t i c i p a n t s  were Howard Parkinson of 

t h e  Bureau of Mines; John Adams, William Bensema and Harold Taggart  of NBS; 

A.D. Spaulding and Robert  Matheson of ITS; and Robert  Lagace and Richard 

Spencer of ADL. The fo l lowing  t e n t a t i v e  measurement program assignments 

were agreed  upon f o r  a j o i n t  NBS/ITS team e f f o r t  under t h e  guidance and 

d i r e c t i o n  of Howard Parkinson of t h e  Bureau of Mines. NBS/ITS program 

coo rd ina to r  w i l l  b e  John Adams of NBS; W i l l i a m  Bensema w i l l  s e r v e  a s  t h e  

NBS l e a d e r  and A. D .  Spaulding a s  t h e  ITS l e a d e r ;  w i th  Robert  Matheson of 

ITS and Harold Taggart  of NBS completing t h e  NBs/ITS core  team. 

* ADL's subsequent  p a r t i c i p a t i o n  i n  t h e  n o i s e  measurement program was i n  
an adv i so ry  and coo rd ina t i ng  c a p a c i t y  i n  behalf  of t h e  Bureau. P r i n c i p a l  
a c t i v i t i e s  of t h i s  ADL e f f o r t  cons i s t ed  of p e r i o d i c  communications and 
p a r t i c i p a t i o n  i n  s t a t u s  and system review meet ings  w i th  t h e  NBS/ITS team 
and t h e  Bureau, a s  clescribed i n  trle Appendix i n  t h i s  P a r t .  

Arthur I> Little, Inc. 
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111. -MEASUREMENT PROGRAM OUTLINE 

A. Data Needed 

The Bureau of Mines n o i s e  measurement programs t o  datekhave developed 

cons iderab le  d a t a  on the  c h a r a c t e r  of e lec t romagnet ic  no i se  i n  mining 

environments.  Despi te  t h i s  assembly of d a t a ,  t h e r e  s t i l l  e x i s t  sub- 

s t a n t i a l  gaps i n  t he  c h a r a c t e r i z a t i o n  of t he  mine no i se  environment ( a s  

shown i n  Tables 1 and 2).  The magnetic: f i e l d  components of t he  no i se  a r e  

of p r i n c i p a l  i n t e r e s t .  I n  t he  mines,  t h e r e  i s  no EM n o i s e  d a t a  nea r  t he  

working f a c e s ,  and only l i t t l e  d a t a  of nier i t  nea r  p a r t i c u l a r  equipments , 
power c e n t e r s  and t ransmiss ion  f a c i l i t i e s ,  and a s  a  func t ion  of ope ra t i ng  

condi t ions  and d i s t a n c e .  There i s  a  dear th  of no i se  d a t a  i n  q u i e t  

reg ions  of mines. I n  a d d i t i o n ,  t he  modest amount of good d a t a  taken t o  

d a t e  i n  mines f a l l s  l a r g e l y  i n  t h e  band from 0-5kHz, thereby c r e a t i n g  an 

even l a r g e r  gap i n  t he  frequency band from 5kHz t o  400kHz. I n  a d d i t i o n ,  

t h e r e  i s  the  need f o r  ob t a in ing  informat.ion on the  propagat ion of e l e c -  

t romagnet ic  s i g n a l s  i n  t he  reg ions  nea r  working f a c e s ,  i n  p a r t i c u l a r  

from the  working f aces  t o  a  t y p i c a l  loadiing p o i n t ,  t h i s  d i s t a n c e  encom- 

pass ing  about 600 f e e t .  On the  s u r f a c e  t h e r e  i s  a  l a c k  of d a t a  i n  reg ions  

d i r e c t l y  over  t he  working faces  and near  power l i n e s  and bore  h o l e s ,  aga in  

a s  a  func t ion  of d i s t a n c e  and ope ra t i ng  condi t ions  a s  i n  t h e  mines. 

There i s  a l s o  a  need f o r  providing d a t a  on the  c o r r e l a t i o n  of s u r f a c e  

no i se  behavior  wi th  in-mine no i se  behavi.or. An i n d i c a t i o n  of t h e  d a t a  

t o  be  ob t a ined  by the  s cout ing-party noi.se measurement program toge the r  

wi th  an i n d i c a t i o n  of t h e i r  p r i o r i t i e s  i.s shown i n  Table 4. 

B .  Noise C h a r a c t e r i s t i c s  

Measurements made t o  da te* in  t h e  mining environment r e v e a l  t h a t  t h e  

n o i s e  i n  t he  low frequency reg ion  from a  few Hertz  t o  5kHz i s  dominated 

by 60Hz and i t s  harmonics.  Impulsive nolise i s  seldom dominant i n  t h i s  

band, assuming high l e v e l s  only when loalded locomotives wi th  a r c ing  t r o l -  

l e y  po le  con tac t s  pass  c l o s e  by. From the  lOkHz reg ion  upward the  n o i s e ,  

a l though inf luenced  by harmonic c o n t e n t ,  does no t  appear t o  have power 

l i n e  harmonics t h a t  can be  s epa ra t ed  and. i s o l a t e d  a s  such .  Limited d a t a  

sugges t  t h a t  t he  no i se  spectrum l e v e l s  f a l l  o f f  w i th  frequency i n  t h i s  reg ion  

*As of t h e  Spring of 1972. 
1.11 
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up t o  about 100kHz, beyond which the  d e t a i l e d  cha rac t e r  is  unknown. The 

impulsiveness ,  dynamic range ,  and s t a t i s t i c s  of t he  n o i s e  i n  t h e  reg ion  

above lOkHz a r e  unknown a t  t he  p re sen t  t i m e .  h. o b j e c t i v e  of t h e  measure- 

ment program w i l l  be t 2  remove the  major u n c e r t a i n t i e s  wi th  regard  t o  

t he se  n o i s e  c h a r a c t e r i s  t i c s  and l e v e l s .  * 

C .  Data Acquis i t ion  and Analysis  

I t  was t h e  conclusion of t h e  conference p a r t i c i p a n t s  t h a t  t h e  missing 

n o i s e  d a t a  could b e s t  be  cb'tained by analog t ape  record ing  magnetic 

f i e l d  n o i s e  picked up by loop an tennas ,  and t o  a more l i m i t e d  e x t e n t  

conducted t r o l l e y  and te lephone l i n e  n o i s e  by d i r e c t  pickup. The d a t a  

on these  magnetic t apes  could then be  reduced t o  u s e f u l  forms such a s  

power spectrum p l o t s  by d i g i t a l  methods using a computer, f o r  t h e  f r e -  

quency range below about 20kH2, and by analog o r  a combination of analog 

and d i g i t a l  methods, f o r  t h e  h ighe r  f r equenc i e s .  The r e a l i z a t i o n  of 

such a magnetic f i e l d  n o i s e  measurement program can be  broken down i n t o  

s e v e r a l  p a r t s  : 

1. des ign  of  t h e  n o i s e  measurement system; 

2 .  procurement of t he  needed p a r t s  and components; 

3. modi f ica t ion  and/or  t e s t  of components of t h e  

system; 

4. in - labora tory  tests of t h e  complete?y assembled 

system; 

5.  system proof t e s t i n g  by an e a r l y  f i e l d  exper i -  

ment t o  v e r i f y  t he  performance of t h e  system i n  

t h e  mining environment; 

6. system modi f ica t ions  based on t h e  f i nd ings  of  

t h i s  e a r l y  f i e l d  t r i p ,  i f  necessary ;  

7 .  f i . e ld  t r i p s  t o  s p e c i f i e d  mines f o r  d a t a  a c q u i s i t i o n ;  

8. a n a l y s i s  of the d a t a  obtained on these  f i e l d  

t r i p s  ; 

9.  docunentat ion of' t h e  f i nd lngs  of tAle n o i s e  measure- 

ment program. 

* A s  of t h e  f a l l  of 1973 t h i s  mrasureaent  program has  been l a r g e l y  completed by 
NBS. The ins t rumenta t ion  system and n o i s e  d a t a  a r e  be ing  documented by NBS 
under i t s  n o i s e  mneasurerr~ent program Contract  H0133005 with t h e  Bureau of Mines 
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I V .  INSTRUMENTATION AND DATA PROCESSING SYSTEM 

A. Block Diagram 

F i g u r e s  1, 2 ,  and 3  i l l u s t r a t e  b l o c k  diagrams of a l t e r n a t i v e  sys tem 

c o n f i g u r a t i o n s  a s  now conceived.  I t  w i l l  b e  a p p a r e n t  i n  t h e  d i s c u s s i o n  

t h a t  f o l l o w s  t h a t  c e r t a i n  o p t i o n s  i n d i c a t e d  on t h e  diagrams may o r  may 

n o t  b e  used dependent  on t h e  f i n d i n g s  o f  an  e a r l y  p r o o f i n g  f i e l d  t r i p .  

However, f o r  t h e  s a k e  of comple teness ,  t h e  e lements  o f  t h e  b l o c k  diagram 

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

component s e l e c t i o n  have n o t  been made a t  t h i s  t i m e ,  s i n c e  t h e s e  must b e  

made a f  t e r  a  s t u d y  of t h e  d e t a i l e d  requ i rements  and a v a i l a b l e  performance 

of t h e  v a r i o u s  e lements  which comprise t h e  measurement s y s  tem. 

A s  shown on t h e  b l o c k  diagram,  t h e  s e n s o r s  f o r  p i c k i n g  up e l e c t r i c a l  

s i g n a l s  r e l a t e d  t o  t h e  n o i s e  a r e  loop an tennas  f o r  t h e  magne t ic  f i e l d  

components, and d i r e c t  p ickups  f o r  c u r r e n t s  o r  v o l t a g e s  on t r o l l e y  o r  

phone l i n e s .  Two l o o p s  appears  t o  b e  a  p r a c t i c a l  compromise f o r  a n  i n -  

mine sys tem t o  s i m u l t a n e o u s l y  r e c o r d  and examine t h e  b e h a v i o r  of 

o r t h o g o n a l  magne t ic  f i e l d  components . The s i g n a l s  a f t e r  hav ing  been 

p i c k e d  up a r e  i n  most c a s e s  passed  through p r e a m p l i f i e r s ,  because  o f  t h e  

need t o  o p e r a t e  t h e  r e c o r d i n g  equipment a t  a  d i s t a n c e  from t h e  r e g i o n  i n  

which t h e  n o i s e  i s  b e i n g  measured. Also shown between t h e  p r e a m p l i f i e r s  

and t h e  pickup loops  a r e  t h e  b a l a n c e  t o  unbalance t r a n s i t i o n s  ( b a l u n s )  

t h a t  may b e  r e q u i r e d .  A f u r t h e r  p o i n t  o f  i n t e r e s t  i n  t h e  b l o c k  diagrams 

i s  t h e  i n j e c t i o n  o f  c a l i b r a t i o n  s i g n a l s  a t  t h e  f r o n t  end of t h e  p re -  

a m p l i f i e r s .  Af t e r  t h e  p r e a m p l i f i e r s ,  ithe s i g n a l s  a r e  f e d  t o  a  v a r i e t y  

of d e v i c e s .  

S t a r t i n g  from t h e  top  of F i g u r e  1, i t  i s  s e e n  t h a t  two loops  a r e  i n d i c a t e d  

as f e e d i n g  modi f i ed  S t o d d a r t  NM-25T r e c e i v e r s .  These r e c e i v e r s  c o n v e r t  

t h e  broadband n o i s e  p icked  up by loop  an tennas  t o  r e l a t i v e l y  narrow 

band (3.5-5kHz) o u t p u t s  around a s e l e c t e d  c e n t e r  f requency  i n  t h e  ranges  

o f  150kHz t o  32mHz. I t  is f u r t h e r  i n d i c a t e d  t h a t  t h i s  narrow band around 

t h e  c a r r i e r  i s  t r a n s l a t e d  t o  a baseband f requency by t h e  u s e  o f  a b l o c k  

i d e n t i f i e d  as Heterodyne.  This  p r o c e s s  p r o v i d e s  t h e  c a p a b i l i t y  f o r  
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r e c o r d i n g  n o i s e  c e n t e r e d  around a  h i g h  f requency on ana log  t a p e  

r e c o r d e r s  which do n o t  have baseband responses  adequa te  t o  r each  t h e s e  

h i g h e r  f r e q u e n c i e s .  Below t h e  r e c e i v e r s  i n  F i g u r e  1, i t  i s  s e e n  t h a t  

n o i s e  waveforms a r e  a l s o  p icked  up by two o t h e r  loops  and f e d  through 

t h e i r  p r e a m p l i f i e r s  t o  a  p a i r  of f i l t e r s .  A f t e r  f i l t e r i n g ,  t h e  wave- 

forms e n t e r  s e p a r a t e  channe l s  of an analog magne t i c  t a p e  r e c o r d e r .  I n  

t h i s  way, f o r  example,  a  f requency band from a  few H e r t z  t o  375kHz would 

b e  s p l i t  a t  lOOkHz, so  t h a t  t h e  lower  f requency  p a r t  i s  recorded  FM and 

t h e  upper  p a r t  d i r e c t .  Modif ied  S t o d d a r t  NM-12AT r e c e i v e r s  w i t h  band- 

w i d t h  (100Hz o r  2.5kHz) w i l l  a l s o  b e  a v a i l a b l e  f o r  examina t ion  of t h e  

f requency  range 10-250kHz a s  a  backup t o  t h e  wideband ana log  r e c o r d i n g .  

The a n a l o g  t a p e s  t h a t  r e s u l t  from t h e  a p p l i c a t i o n  of t h e  sys tem a r e  

p l a y e d  back i n  t h e  l a b o r a t o r y .  S e v e r a l  modes of o p e r a t i o n  of t h i s  p lay-  

back a r e  i l l u s t r a t e d  by t h e  b l o c k  diagram.  I n  one mode t h e  s i g n a l s  

r e s u l t i n g  from playback p a s s  through a  f i l t e r ,  t h e n  t o  an analog- to-  

d i g i t a l  (AID) c o n v e r t e r ,  and hence on t o  a  d i g i t a l  t a p e .  Th i s  d i g i t a l  

t a p e  c o n t a i n s  r e p r e s e n t a t i o n s  of t h e  waveforms b e i n g  sampled and i s  

t h e n  p r o c e s s e d  d i g i t a l l y  w i t h  a  computer t o  y i e l d  i t e m s  such  a s  power 

spec t rum l e v e l  v e r s u s  f requency  by means of a  F a s t  F o u r i e r  Transform 

computa t iona l  a l g o r i t h m .  Examples of t h i s  type  of  d a t a  p r o c e s s i n g  may 

b e  found i n  t h e  Bensema NBS r e p o r t  and i n  t h e  Evans L i n c o l n  Lab r e p o r t ,  

which a r e  c i t e d  i n  t h e  b i b l i o g r a p h y  a t  t h e  end of  t h i s  r e p o r t .  

I n  a n o t h e r  p r o c e s s i n g  mode t h e  playback r e s u l t s  i n  t h e  c r e a t i o n  of  

a n o t h e r  ana log  t a p e .  The i n t e n t  of  t h i s  p r o c e s s i n g  mode i s  t o  e n a b l e  a  

s c a l i n g  of  t h e  f requency  band of t h e  o r i g i n a l  r ecorded  waveforms t o  a  

lower  f requency  band ,  which w i l l  i n  t u r n  e n a b l e  a v a i l a b l e  analog-to- 

d i g i t a l  c o n v e r t e r s  t o  p r o c e s s  a  co r respond ing ly  w i d e r  r ange  of r e a l  f r e -  

q u e n c i e s .  A s  a n  a l t e r n a t i v e  t o  t h i s  k i n d  of p r o c e s s i n g ,  i t  i s  i n d i c a t e d  

t h a t  ana log  p r o c e s s i n g  f o r  a  q u i c k  look  and p o s s i b l y  ana log  spect rum 

p l o t t i n g  s h o u l d  b e  a v a i l a b l e .  The recorded  v o i c e  channe l  on t h e  o r i g i n a l  

t a p e  i s  a l s o  shown a s  b e i n g  p layed  o u t  through a  s p e a k e r ,  and p r o v i s i o n  

i s  made t o  moni to r  any channe l  by a  ca thode-ray o s c i l l o s c o p e .  I n d i v i d u a l  
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e lements  t h a t  e n t e r  t h i s  b l o c k  diagram a r e  d i s c u s s e d  below. 

B . Sys t e m  Components 

1. Loops 

I t  was t h e  consensus  t h a t  t h e  p ickup loops  f o r  t h e  measurements shou ld  b e  

commercial u n i t s  of  a  b a l a n c e d ,  s h i e l d e d  n a t u r e .  F e r r i t e  o r  o t h e r  loaded 

loops  were d i s c a r d e d  a s  b e i n g  s u b j e c t  t o  s i g n i f i c a n t  e r r o r s .  I t  was 

a g r e e d  t h a t  S t o d d a r t  loops  of t h e  t y p e  used p r e v i o u s l y  by NBS and ITS a r e  

a c c e p t a b l e  f o r  t h i s  u s e .  

2 .  P r e a m p l i f i e r s  

P r e a m p l i f i e r s  s h o u l d  be  b a t t e r y - o p e r a t e d  u n i t s  f u n c t i o n i n g  a t  i n t r i n s i c -  

a l l y  s a f e  v o l t a g e  and c u r r e n t  c a p a c i t i e s .  T h i s  i n t r i n s i c  s a f e t y  i s  needed 

because  t h e s e  p r e a m p l i f i e r s  w i l l  b e  used a t  t h e  working f a c e  a r e a s  o f  

mines .  I t  i s  e x p e c t e d  t h a t  most  o f  t h e  semiconductor-based a m p l i f i e r s  

w i l l  b e  o p e r a t e d  a t  low enough v o l t a g e  l e v e l s  t o  meet t h e  r e q u i r e m e n t s ,  

b u t  t h a t  c a r e  must  b e  used i n  b a t t e r y  s e l e c t i o n  t o  a s s u r e  t h a t  t h e  i n t r i n -  

s i c a l l y  s a f e  l i m i t  i s  n o t  exceeded i n  terms o f  b a t t e r y  c u r r e n t  c a p a b i l i t y .  

3 .  F i l t e r s  

F i l t e r s  a r e  shown i n  b o t h  t h e  r e c o r d i n g  and playback p a r t s  of  t h e  b l o c k  

diagram.  The requ i rements  a r e  more s e v e r e  on f i l t e r s  f o r  r e c o r d i n g  because  

t h e s e  must  b e  b a t t e r y - o p e r a t e d  and s h o u l d  b e  s m a l l  i n  s i z e .  The f u n c t i o n  

of t h e  f i l t e r s  i s  t o  r e s t r i c t  t h e  bandwidth of  t h e  r e c o r d i n g s  s o  a s  t o  

p r o v i d e  maximum use  of t h e  a v a i l a b l e  dynamic range  of t h e  r e c o r d e r s .  

The g e n e r a l l y  r e q u i r e d  f u n c t i o n  i s  t h a t  of  bandpass  w i t h  s e l e c t a b l e  

upper  and lower  band l i m i t s .  F i l t e r  r o l l - o f f  o u t s i d e  t h e  passband 

s h o u l d  b e  a t  l e a s t  48 db p e r  o c t a v e .  Krohn-Hite Models 3323 o r  3343 

would b e  good c a n d i d a t e s  f o r  t h i s  u s e .  A problem a r i s e s  i n  t h e  f requency  

r e g i o n  above 100kHz, because  t h e s e  f i l t e r s  a r e  l i m i t e d  t o  100kHz. I t  may 

b e  n e c e s s a r y  t o  add some f i ~ z d - f r e q u e n c y  p a s s i v e  f i l t e r s  f o r  some p a r t i -  

c u l a r  measurements.  Such f i l t e r s  a r e  commercial ly a v a i l - a b l e  from s e v e r a l  

s o u r c e s .  For  o p e r a t i o n  i n  t h e  p layback mode, where t h e  magne t i c  t a p e s  
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a r e  played back a t  a f r a c t i o n  of t he  o r i g i n a l  record ing  speed ,  t h e  Krohn- 

H i t e  f i l t e r s  a r e  e n t i r e l y  adequa te ,  and a r e  used p r i m a r i l y  t o  p revent  

a l i a s i n g  e r r o r s  i n  t he  subsequent  sampling and A I D  convers ion.  

4. Receivers  

Two r e c e i v e r s  a r e  i l l u s t r a t e d  i n  t h e  b lock  diagram. I t  was agreed t h a t  

t he se  r e c e i v e r s  would be S todda r t  NM25T r e c e i v e r  u n i t s ,  modif ied a s  ITS 

has  p r ev ious ly  modif ied s i m i l a r  r e c e i v e r s  t o  enable  them t o  i n d i c a t e  

s e v e r a l  measures of n o i s e ,  i n  p a r t i c u l a r ,  Vd and Vms,  a s  d i s cus sed  i n  

  at he son's paper .  These mod i f i ca t i ons  w i l l  pe rmi t  manual c o l l e c t i o n  of 

d a t a  over  a frequency range much g r e a t e r  than can be  accommodated w i th  

t h e  analog magnetic t ape  record ing  s y s  t a n .  These r e c e i v e r s  can prov ide  

impor tan t  measures of  n o i s e  p r o p e r t i e s  w i thou t  t h e  r e s o r t  t o  record ing .  

I n  a d d i t i o n  t o  t h i s  mod i f i ca t i on  of t h e  r e c e i v e r s ,  i t  i s  planned t o  s h i f t  

t he  I F  s i g n a l  ( p r i o r  t o  d e t e c t i o n )  from t h e  I F  c e n t e r  frequency t o  base- 

band s o  t h a t  analog record ings  can be  made of a band about  3.5-5kHz wide, 

c en t e r ed  a t  any frequency i n  t he  r e c e i v e r  range .  Thus, record ings  of t h e  

n o i s e  found a t  va r ious  s e l e c t  f r equenc i e s  beyond t h e  nominal frequency 

response of t h e  t ape  r eco rde r s  can be ob t a ined .  These record ings  can 

then  be  s u b j e c t e d  t o  t h e  same computer-based a n a l y s i s  t h a t  Bensema used 

i n  t he  p r i o r  NBS n o i s e  measurements below 10kHz. On t h e  b lock  diagram 

t h i s  f requency s h i f t i n g  i s  no ted  s e p a r a t e l y  a s  a heterodyne p r o c e s s ,  

wh i l e  i n  a c t u a l  p r a c t i c e  t h i s  f unc t i on  would be  accomplished w i t h i n  t h e  

modif ied r e c e i v e r s .  

5 .  Tape Recorders 

I t  was agreed  t h a t  t h e  Lockheed 417WB ins t rumen ta t i on  r eco rde r  i s  a prime 

candida te  f o r  r eco rd ing  t h e  analog s i g n a l s .  There i s  s t i l l  some uncer- 

t a i n t y  regard ing  t h e  a b i l i t y  of t h i s  r eco rde r  t o  ope ra t e  i n  t he  expected 

mine environment.  There i s  a cons ide rab l e  body of exper ience  w i th  t h e  

Lockheed 417 r e c o r d e r ,  and t h i s  r eco rde r  w i l l  b e  used i f  t h e  417WB is 

found t o  be  d e f i c i e n t  i n  performance. These r eco rde r s  a r e  w e l l  s u i t e d  

t o  t h e  needs of  t h e  measurement program. Both a r e  compact, b a t t e r y -  
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o p e r a t e d ,  7-channel i n s t r u m e n t a t i o n  r e c o r d e r s  t h a t  use  112 i n c h  wide 

magne t i c  t a p e .  The 417 h a s  FM c a p a b i l i t y  from 0-lOkHz and a  d i r e c t  

c a p a b i l i t y  t o  lOOkHz a t  30 IPS.  The 417WB i s  t h e  new wideband v e r s i o n ,  

h a s  FM c a p a b i l i t y  from 0-100kHz and a  d i r e c t  c a p a b i l i t y  t o  375kHz a t  30 

IPS. The use  of e i t h e r  of t h e s e  r e c o r d e r s  would a v o i d  t h e  s u b s t a n t i a l  

d i f f i c u l t i e s  t h a t  Bensema f a c e d  i n  t h e  e a r l i e r  NBS program, due t o  t h e  

need f o r  a  power i n v e r t e r  and l a r g e  b a t t e r y  s u p p l y .  The 417WB is  pre -  

f e r a b l e  because  of t h e  wide f requency range  accommodated i n  t h e  FM mode 

f o r  which h i g h  accuracy  r e c o r d i n g  can  b e  r e l i e d  on .  

6 .  Sources  

I t  was agreed  t h a t  p a r t  o f  t h e  n o i s e  measurement program would i n c l u d e  

measurements of  s i g n a l  p r o p a g a t i o n  c h a r a c t e r i s  t i c s  from t h e  f a c e  a r e a  t o  

t h e  l o a d i n g  p o i n t  i n  a  r e p r e s e n t a t i v e  mine o r  mines .  For t h i s  purpose  a  

p o r t a b l e  s i g n a l  d r i v e  sys tem and t r a n s m i t t i n g  loop  a r e  r e q u i r e d .  I t  is  

e s t i m a t e d  t h a t  approx imate ly  10 w a t t s  of  d r i v e  power w i l l  s u f f i c e  f o r  t h e  

measurements p lanned .  I t  i s  n o t  expec ted  t h a t  a  good commercial ,  i n t r i n -  

s i c a l l y  s a f e  10 w a t t  a m p l i f i e r  o f  c a p a b i l i t y  t o  lOOkHz can b e  found,  and 

t h e r e f o r e  i t  may b e  n e c e s s a r y  t o  develop a  p o r t a b l e  b a t t e r y - o p e r a t e d  

s y s  t e m  f o r  t h i s  purpose .  

C .  Real  and S y n t h e t i c  C a l i b r a t i o n s  

I t  was agreed  t h a t  two k i n d s  of c a l i b r a t i o n s  a r e  needed f o r  t h e  n o i s e  

measurement sys tem:  1 )  a  t r u e  c a l i b r a t i o n  f o r  which t h e  p ickup  loops  of  

t h e  measur ing sys tem a r e  immersed i n  known f i e l d s  and t h e  measuring 

sys tem o u t p u t  i s  r e l a t e d  t o  t h e s e  known v a l u e s  o f  f i e l d ;  and 2) an  

a r t i f i c i a l  c a l i b r a t i o n  t o  b e  used i n  t h e  f i e l d .  I n  t h e  second type  of 

c a l i b r a t i o n ,  known s i g n a l  v o l t a g e  l e v e l s  a r e  i n t r o d u c e d  i n t o  t h e  s y s  tem 

a s  n e a r  t h e  f r o n t  end a s  p o s s i b l e .  Such a  c a l i b r a t i o n  a s s u r e s  t h a t  

sys tem d r i f t s  and g a i n  changes a r e  moni to red  and known. Usua l ly  such  

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

performance of t h e  remainder  of t h e  measuring s y s  t e m .  The t r u e  c a l i b r a -  

t i o n s  can b e  accomplished i n  t h e  NBS c a l i b r a t i o n  f a c i l i t y  a t  Bou lder ;  t h e  

s y n t h e t i c  c a l i b r a t i o n  equipment can be made up of commercial ly a v a i l a b l e  

p a r t s .  

1 .20  
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D. P layback and P r o c e s s i n g  

The b l o c k  diagram i l l u s t r a t e s  d i f f e r e n t  ways i n  which t h e  t a p e  can b e  

p r o c e s s e d  t o  y i e l d  t h e  d e s i r e d  measures of n o i s e .  A s  shown on t h e  b l o c k  

diagram,  one of t h e  ways o f  p r o c e s s i n g  i s  t o  p l a y  back t h e  t a p e  through 

a  f i l t e r  and an a n a l o g - t o - d i g i t a l  c o n v e r t e r  t o  g e n e r a t e  a  d i g i t a l  t a p e  

r e p r e s e n t a t i v e  of  t h e  ana log  s i g n a l s  from t h e  r e c o r d e r .  Th i s  p rocedure  

f o l l o w s  d i r e c t l y  t h a t  of  Bensema i n  h i s  n o i s e  measurements f o r  t h e  

Bureau of  Mines. The p layback  may b e  a t  s e v e r a l  d i f f e r e n t  speeds  t o  

accommodate t h e  bandwidth of t h e  n o i s e  waveforms t o  t h e  sampl ing r a t e  of 

t h e  A/D c o n v e r t e r .  The f i l t e r  i s  t o  remove n o i s e  waveform components 

beyond a  p r e s c r i b e d  f requency  i n  o r d e r  t o  p r e v e n t  a l i a s i n g  i n  t h e  sampled 

v e r s i o n  of  t h e  waveform. 

A second p r o c e s s i n g  mode i l l u s t r a t e d  i n  t h e  b l o c k  diagram shows r e r e c o r d -  

i n g ,  o r  dubb ing ,  o f  t h e  o r i g i n a l  t a p e s .  I t  i s  i n t e n d e d  t h a t  t h i s  dubbing 

t r a n s l a t e  an o r i g i n a l  f r equency  r a n g e  t o  a  lower  f requency r a n g e ,  thus  

making t h e  p layback  of t h e  dub compat ib le  w i t h  t h e  l i m i t e d  16kHz sampl ing  

r a t e  of  t h e  A/D c o n v e r t e r  used by Bensema p r e v i o u s l y .  For  example,  i f  

t h e  41nJB r e c o r d e r  i s  found t o  b e  a c c e p t a b l e  f o r  r e c o r d i n g ,  F'M r e c o r d i n g s  

w i t h  a  bandwidth from 0-100kHz can b e  made. I t  appears  d e s i r a b l e  t o  b e  

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

computer FFT t e c h n i q u e s .  Thus,  because  t h e  p r e s e n t  A/D c o n v e r t e r  l i m i t s  

waveform a n a l y s i s  t o  a  band of  abou t  0-!:kHz, a  20 :1 r e d u c t i o n  o f  p layback  

speed  i s  r e q u i r e d .  Th i s  r ange  of speed  r e d u c t i o n  is  n o t  l i k e l y  from one 

t a p e  playback u n i t ,  and ,  hence  a  dubbing p r o c e s s  i s  used t o  overcome t h i s  

l i m i t a t i o n .  The two-step p r o c e s s  ex tends  t h e  speed  range  from a  maximum 

of  8 : l  i n  a  s i n g l e  p layback  u n i t  t o  6 4 : l  u s i n g  t h e  dubbing p r o c e s s ,  and 

t h u s  encompasses t h e  r a n g e  r e q u i r e d  f o r  r e d u c t i o n  of 0  t o  lOOkHz t o  0  t o  

5kHz. The u s e  o f  p laybacks  of o r i g i n a l  and dubbed t a p e s  w i l l  p r o v i d e  

f o r  t h e  a b i l i t y  t o  g e n e r a t e  i n  t h e  f requency  range  0  t o  lOOkHz t h e  k i n d  

of spec t rum p l o t s  produced by Bensema. 
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An o p t i o n a l  t y p e  o f  p r o c e s s i n g  scheme i s  a l s o  i l l u s t r a t e d  on t h e  b l o c k  

diagram. T h i s  o p t i o n  r e l a t e s  t o  what i s  done w i t h  t h e  r e c o r d i n g s  made 

on t h e  d i r e c t  channe l s  of  t h e  t a p e  r e c o r d e r ,  f o r  which ana log  s i g n a l s  up 

t o  375kHz can be  ana lyzed  ( i f  t h e  417WB r e c o r d e r  is  u s e d ) .  I t  is  f e l t  

t h a t  computer-based r e d u c t i o n  would b e  c o s t l y  f o r  such extended bandwidth 

s i g n a l s ,  and t h a t  t h e  m e r i t s  of t h e  narrowband a n a l y s i s  w i l l  be l e s s  

a p p l i c a b l e  t o  t h e  broadband d a t a ,  p a r t i c u l a r l y  i n  t h e  upper  f requency 

range  o f  such r e c o r d i n g s .  For t h e s e  r e g i o n s  we b e l i e v e  t h a t  ana log  spec t rum 

a n a l y s i s  t e c h n i q u e s  may s u f f i c e  t o  determine t h e  n a t u r e  of n o i s e .  I n  

p a r t i c u l a r ,  i t  is  sugges ted  t h a t  conven t iona l  sweeping spectrum a n a l y z e r s  

b e  used f o r  t h i s  purpose  i n  c o n j u n c t i o n  ~ a i t h  a  t a p e / l o o p  playback method. 

The l o o p  i s  recommended because  i t  p e r m i t s  a n a l y s i s  o f  a  s i n g l e  t ime p e r i o d  

of  t h e  o r i g i n a l  r ecorded  n o i s e ,  r a t h e r  t h a n  t h e  use  o f  a  l o n g  t ime sequence 

where t ime  v a r i a t i o n s  cou ld  be  confused w i t h  s p e c t r a l  v a r i a t i o n s .  

The key p r e s e n t a t i o n  o f  n o i s e  d a t a  w i l l  be  i n  t h e  form of  power spectrum 

p l o t s  s i m i l a r  t o  t h o s e  shown i n  t h e  NBS Bensema r e p o r t  and t h e  Evans 

L i n c o l n  Lab r e p o r t ,  i n  which t h e  magnet ic  f i e l d  n o i s e  components a r e  

p l o t t e d  i n  db r e l a t i v e  t o  1 ampere p e r  mete r ,  o r  db r e l a t i v e  t o  1 ampere 

p e r  mete r  p e r  v e r s u s  f requency .  Computer-generated FFT o u t p u t s  a r e  

compat ible  w i t h  e i t h e r  p r e s e n t a t i o n ,  w h i l e  spectrum a n a l y z e r  o u t p u t s  a r e  

more s u i t e d  t o  t h e  former .  These p l o t s  can b e  ve ry  u s e f u l  i n  r e v e a l i n g  

c h a r a c t e r i s t i c  spectrum s i g n a t u r e s  of  s p e c i f i c  n o i s e  s o u r c e s .  A problem 

w i t h  ana log  spectrum a n a l y z e r s  i s  t h a t  they  a r e  r e s p o n s i v e  t o  v o l t a g e  and 

t h u s  t h e  spec t rum p l o t s  become r e l a t e d  t o  v o l t a g e ,  t h e r e b y  r e q u i r i n g  a n  

a p p r o p r i a t e  c a l i b r a t i o n .  T h i s  f a c t  does n o t  t r o u b l e  a n a l y s i s  of conducted 

n o i s e ,  b u t  does pose a  problem f o r  magnet ic  f i e l d s  f o r  which t h e  g e n e r a l l y  

a c c e p t e d  form of p r e s e n t a t i o n  is  db r e l a t i v e  t o  1 ampere p e r  mete r  i n  t h e  

bandwidth of i n t e r e s t ,  n o t  v o l t a g e  o u t  o f  a  loop .  P roper  sys tem d e s i g n  and 

c a l i b r a t i o n  w i l l  e n s u r e  r e l i a b l e  r e s u l t s .  S t a t i s t i c a l  p r e s e n t a t i o n s  of 

ampl i tude  and t ime p r o b a b i l i t y  d i s t r i b u t i o n s  may be d e s i r e d  i f  t h e  dominant 

n o i s e  i n  c e r t a i n  f requency bands i s  found t o  b e  impuls ive  i n  c h a r a c t e r .  

Ana lys i s  and p r e s e n t a t i o n  methods s i m i l a r  t h o s e  used by ITS anZ/or  L i n c o l n  

Lab can  b e  used  i f  n e c e s s a r y .  
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E .  Equipment L i s t  

It was a g r e e d  t h a t  t h e  f o l l o w i n g  equipment i s  r e q u i r e d  i n  a d d i t i o n  t o  

equipment a l r e a d y  a v a i l a b l e  a t  NBS/ITS: 

I t e m  No. Required U n i t  Cost  - T o t a l  Cos t  Notes 

Lockheed 417WB 2  $19,000 $38,000 E s  t ima ted  cos ts 
t a p e  r e c o r d e r  f o r  f u l l y  equipped 

u n i t s  

S t  oddar t 4  7,000 28,000 U n i t s  s u p p l i e d  
r e c e i v e r s  (NM-25T (2  each)  w i t h  a c c e s s o r i e s  
& NM-12AT) 

S  t o d d a r t  r e c e i v -  3  
i n g  loops  
(90117-3) 

F i l t e r s  
Krohn-Hi te 3323 

Model 323 
T e k t r o n i x  Scope 

PAR Model 113  
P r e a m p l i f i e r  

O t h e r  equipment 
( c a l i b r a t o r s ,  
o s c i l l a t o r s ,  power 
s o u r c e ,  t r a n s m i t  
s y s t e m ,  e t c . )  

333 1 ,000 These lo.ops a r e  
i n  a d d i t i o n  t o  
t h e  ones s u p p l i e d  
w i t h  t h e  r e c e i v e r s  

1 ,900  O r  s i m i l a r  

3,000 D e t a i l s  t o  b e  
de te rmined  

F. Shaping of  Noise  Spectrum S i g n a t u r e  p r i o r  t o  Recording 

There  i s  l i t t l e  d a t a  on t h e  c h a r a c t e r  of magne t i c  f i e l d  n o i s e  w i t h i n  

mines i n  t h e  r e g i o n  from lOkHz t o  100kHz. It i s  expec ted  t h a t  e a r l y  

p r o o f i n g  t e s t s  w i l l  r e v e a l  t h e  g e n e r a l  n a t u r e  of t h i s  n o i s e ,  and i t  may 

become n e c e s s a r y  t o  s h a p e  t h e  s p e c t r a  of  t h e  n o i s e  i n  t h a t  r e g i o n  s o  a s  

t o  a s s u r e  e q u a l  r e c o r d i n g  s i g n a l - t o - n o i s e  r a t i o  o v e r  t h e  band lOkHz t o  

100kHz. Whether t h i s  s h a p i n g  i s  n e c e s s a r y  o r  n o t  w i l l  b e  known on ly  a f t e r  

one of t h e s e  e a r l y  t r i p s  h a s  been made. 
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G .  Logar i thmic  Compression 

The Boulder confe rence  d i d  i n c l u d e  t h e  d i s c u s s i o n  o f  t h e  p o s s i b l e  a p p l i -  

c a t i o n  of l o g a r i t h m i c  compression upon r e c o r d i n g  and expansion upon 

r e p l a y  a s  a  means of accomrnodacing a  w i d e r  dynamic range of n o i s e  than  

could  o t h e r w i s e  b e  accommodated by t h e  r e c o r d i n g  equipment.  I t  seemed 

t o  b e  t h e  f e e l i n g  i n  t h e  meet ing t h a t  f o r  t h e  expec ted  types  o f  n o i s e ,  

s p e c i f i c a l l y  t h e  ha rmonica l ly  dominated n o i s e ,  compression-expansion 

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

n o i s e  c h a r a c t e r  from such r e c o r d i n g s .  I t  was l e f t  t h a t  only  under  t h e  

most p r e s s i n g  need would such compression and expansion b e  planned.  

Again,  t h e  u t i l i t y  of t h i s  t e c h n i q u e ,  o r  t h e  need f o r  t h i s  t e c h n i q u e ,  w i l l  

b e  c l a r i f i e d  by e a r l y  p r o o f i n g  tests i n  an o p e r a t i n g  mine. 

V .  OPERATIONAL CONSIDERATIONS 

A. Equipment Proof ing  

I t  was agreed t h a t  i t  i s  d e s i r a b l e  t o  p rov ide  s e v e r a l  l e v e l s  of  t e s t s  

f o r  a complex i n s t r u m e n t a t i o n  sys tem of t h i s  t y p e .  The f i r s t  tests 

c o n s t i t u t e  t e s t s  of  t h e  i n d i v i d u a l  components t o  a s s u r e  t h a t  they perform 

accord ing  t o  s p e c i f i c a t i o n s .  The second l e v e l  of tests a r e  l a b o r a t o r y  

tests wherein  t h e  t o t a l  sys tem i s  s u b j e c t  t o  c o n t r o l l e d  e x e r c i s e s ,  r e v e a l -  

i n g  any p o s s i b l e  shor tcomings  o f  t h e  t o t a l  sys tem i t s e l f .  These two 

i n i t i a l  t e s t i n g  phases  w i l l  b e  fo l lowed  by an o p e r a t i n g  tes t  of  t h e  

sys tem where in  t h e  equipment i s  t a k e n  t o  a  mine where a c c e s s  is  easy  and 

does n o t  i n t e r f e r e  w i t h  t h e  o p e r a t i o n s .  I t  h a s  been r e p o r t e d  t h a t  NBS/ITS 

have an  arrangement w i t h  t h e  L inco ln  Mine t o  pe rmi t  t h i s  k i n d  of o p e r a t i o n .  

Th is  tes t  w i l l  r e v e a l  i f  t h e r e  a r e  any o p e r a t i o n a l  and env i ronmenta l  prob- 

l e m s  w i t h  t h e  e x i s t i n g  sys tem.  A f t e r  such p r o o f i n g  and any m o d i f i c a t i o n s  

b r o u g h t  abou t  by t h e s e  v a r i o u s  l e v e l s  o f  t e s t i n g ,  t h e  equipment would b e  

ready f o r  use  i n  mines s e l e c t e d  by t h e  Bureau of Mines f o r  e v a l u a t i o n .  

B .  Record Keeping 

I t  is  i m p o r t a n t  t h a t  a  program of t h i s  n a t u r e  p rov ide  a c c u r a t e  r e c o r d s  

from which i t  may b e  determined a t  l a t e r  d a t e s  t h e  e x a c t  c o n d i t i o n s  under 

which v a r i o u s  d a t a  were t aken .  For  t h i s  purpose  i t  i s  e s s e n t i a l  t o  keep 
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a  log- type notebook t h a t  c l e a r l y  i d e n t i f i e s  t i m e s ,  p l a c e s ,  c o n d i t i o n s  , 
e t c .  f o r  f u t u r e  u s e .  

I t  h a s  been recognized  by t h e  Bureau of Mines and by NBS/ITS t h a t  any 

f i e l d  t r i p  i n t o  a  mine c o n s t i t u t e s  an  i n t e r f e r e n c e  w i t h  t h e  normal mining 

o p e r a t i o n s .  For t h i s  r eason  i t  i s  e s s e n t i a l  t h a t  t h e  f i e l d  crew be  

thoroughly schooled  i n  e f f i c i e n t ,  e f f e c t i v e  u s e  of t i m e  w i t h i n  t h e  mines .  

Th i s  means t h a t  t h e  r o l e  of each o f  t h e  f i e l d  crew must b e  we l l -de f ined  

and known t o  him p r i o r  t o  e n t r y  i n t o  t h e  mines .  As an  a i d  t o  t h i s ,  i t  

i s  i m p o r t a n t  t h a t  documented tes t  p l a n s  b e  p repared  t o  a s s u r e  n o t  on ly  

t h a t  minimum i n t e r f e r e n c e  w i t h  mining o p e r a t i o n s  i s  h a d ,  b u t  t h a t  a  

t i m e l y  and e f f e c t i v e  c o l l e c t i o n  of t h e  d a t a  n e c e s s a r y  is  made. These 

test p l a n s  would,  t h e r e f o r e ,  i d e n t i f y  t h e  s p e c i f i c  purpose  of each  

p lanned  t r i p  t o  a mine,  and i n c l u d e  t h e  d a t a  gaps which a r e  expec ted  t o  

b e  f i l l e d  e i t h e r  f u l l y  o r  p a r t i a l l y  by such a  f i e l d  t r i p .  

V I .  SOME QUESTIONS AND ITEMS TO BE RESOLVED 

The Boulder  meet ing d i d  r e v e a l  some a r e a s  of concern t o  t h e  d e s i g n  o f  

t h e  i n s t r u m e n t a t i o n  s y s  t e m .  These q u e s t i o n s  and i t e m s  a r e  r e p e a t e d  h e r e  

f o r  t h e  s a k e  o f  r e c o r d .  They a r e  n o t  meant t o  b e  a l l - i n c l u s i v e . *  

A. Tape Recorder S u i t a b i l i t y  

Is t h e  c a n d i d a t e  t a p e  r e c o r d e r  ( t h e  Lockheed 417WB) s u i t a b l e  f o r  t h e  use  

i n t e n d e d ?  a )  What is  t h e  a b s o l u t e  v a l u e  of t h e  n o i s e  f l o o r  i n  t h e  FM 

wideband r e c o r d i n g  mode? b )  What i s  t h e  a b s o l u t e  v a l u e  of t h e  d i r e c t  

r e c o r d i n g  mode n o i s e  f l o o r ?  c )  Is i t  expec ted  t h a t  t h e  r e c o r d e r  w i l l  b e  

s u f f i c i e n t l y  r e l i a b  le  f o r  u s e  i n  t h e  mining environment?  NBS /ITS w i l l  

o b t a i n  t h e  answers t o  a , b ,  and c  by means o f  measurements on a  c a n d i d a t e  

r e c o r d e r  and by means of q u e r i e s  t o  user's o f  t h a t  r e c o r d e r .  I f  t h e  41nJB 

i s  n o t  s u i t a b l e ,  t h e  417 w i l l  b e  used i n s t e a d .  

* These and o t h e r  q u e s t i o n s  were subsequ.ent ly  addressed  and r e s o l v e d  as 
t h e  i n s t r u m e n t a t i o n  system w a s  assembled and t e s t e d  d u r i n g  t h e  remainder  
o f  1972. (See Appendix t o  t h i s  P a r t . )  

Arthur D Little, Inc 



B. System O r g a n i z a t i o n  

What i s  t h e  b e s t  sys tem o r g a n i z a t i o n  f o r  r e c o r d i n g  t h e  d a t a  needed? It 

i s  e x p e c t e d  t h a t  t h e  s y s  tem o r g a n i z a t i o n  w i l l  be  p r e t t y  much a s  shown i n  

t h e  b l o c k  diagrams and i n  t h e  o p t i o n s  t h e r e t o .  S p e c i f i c  m o d i f i c a t i o n s  

of  t h i s  may r e s u l t  from e a r l y  p r o o f i n g  tests o f  t h e  equipment i n  a n  

o p e r a t i n g  mine and may r e v e a l  c h a r a c t e r i s t i c s  of t h e  n o i s e  a s  y e t  unknown, 

which cou ld  r e s u l t  i n  a  need t o  modify t h e  n o i s e  measurement sys tem.  

C .  Dynamic Xange C o n s i d e r a t i o n s  

There  seems no doubt  t h a t  t h e  dynamic range  of t h e  n o i s e  v o l t a g e s  t h a t  

appear  a t  t h e  o u t p u t  t e r m i n a l s  o f  t h e  loop  an tennas  w i l l  b e  such a s  t o  

c h a l l e n g e  t h e  a b i l i t y  t o  r e c o r d  t h e  v o l t a g e s  w i t h  a c c e p t a b l e  f i d e l i t y .  

The work of Bensema shows t h e  s e r i o u s n e s s  of t h i s  problem. 

Even i f  t h e  n o i s e  were s t a t i o n a r y ,  a  v e r y  s u b s t a n t i a l  dynamic range  o.C 

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

l i n e s  (60 & 360Hz harmonics)  and s i m u l t a n e o u s l y  t h e  b a s e  l e v e l  of n o i s e  

between t h e  l i n e s .  When t h e  t ime v a r i a b i l i t y  o f  t h e  n o i s e  i s  added,  i t  

compounds t h e  problem. Bensema s o l v e d  t h i s  problem by us ing  s k i l l e d  

o p e r a t o r s  t o  a d j u s t  r e c o r d i n g  g a i n  t o  conform t o  t h e  n o i s e  b e i n g  r e c e i v e d .  

Such s k i l l  w i l l  b e  r e q u i r e d  i n  t h e  proposed program. 

A second problem r e l a t e d  t o  dynamic r a n g e ,  and more p a r t i c u l a r l y  t o  t h e  

n o i s e  f l o o r ,  i s  t h e  e f f e c t  of  t h e  number of b i t s  used f o r  AID convers ion  

on t h e  computer-generated FFT n o i s e  power s p e c t r a .  The q u e s t i o n s  t o  be  

answered a r e  : How is t h e  q u a n t i t i z i n g  n o i s e  measured? How does quan- 

t i t i z i n g  n o i s e  appear  a s  a  n o i s e  f l o o r  i n  t h e  FFT s p e c t r a ?  Which AID 
c o n v e r t e r  s h o u l d  b e  u s e d ,  t h e  moderate  sampl ing r a t e  1 2 - b i t  model used 

p r e v i o u s l y  by Bensema o r  t h e  h i g h e r  sampl ing  r a t e  8 - b i t  model t h a t  may 

a l s o  b e  a v a i l a b l e ?  

D. T ransmiss ion  Measurements 

The h i g h  p r i o r i t y  a t t a c h e d  t o  deve lop ing  wireless communication from t h e  

f a c e  a r e a  t o  t h e  l o a d i n g  p o i n t s ,  p l a c e s  emphasis on o b t a i n i n g  measures 

of EM t r a n s m i s s i o n  i n  t h i s  a r e a .  I t  i s  expec ted  t h a t  t h e  measurement 

program w i l l  i n c l u d e  loop-to-loop t r a n s m i s s i o n  measurements.  For 

Arthur I> Little, Inc. 



example, a r ece ive  loop could be  s e t  up n e a r  t h e  loading p o i n t ,  and t h e  

t r a n s m i t t i n g  loop then could be moved p rog re s s ive ly  f u r t h e r  away from 

t h e  r e c e i v e  loop down e n t r i e s  and through c ross -cu ts .  Se l ec t ed  £re- 

quencies  cover ing t he  range t o  lOOkHz c.ould be examined. 

E.  Conducted Noise Measurements 

Data on t he  conducted n o i s e  c a r r i e d  by phone l i n e s  and by t r o l l e y  l i n e s  

i s  d e s i r e d .  To o b t a i n  such measurements coupl ing t o  t h e s e  l i n e s  i s  

d e s i r e d .  Two problems need be  reso lved  i n  such a program: 1 )  l i m i t i n g  

of t he  expected powerful v o l t a g e  t r a n s i e n t s  known t o  be p r e s e n t  on bo th  

k inds  of l i n e s ,  and 2)  decoupl ing of  t he  d-c v o l t a g e  p r e s e n t  on t h e  

t r o l l e y  l i n e s .  

F. Tape Recorder Cross Talk and Non- l inear i ty  

The proposed use of most of t h e  channels of a 7-track r eco rde r  imposes a 

problem a s s o c i a t e d  wi th  c ro s s  t a l k  be tween channels .  Measurements need 

t o  be made t o  determine t h e  degree t o  which t h i s  c r o s s  t a l k  occurs  and 

how i t  a f f e c t s  t h e  measurements. There a r e  p r e f e r r e d  ways of s e t t i n g  up 

t h e  channels t o  minimize such e f f e c t s ,  and t he se  should be used. 

The non - l i nea r i t y  of t h e  record ing  process  can c o n t r i b u t e  a r t i f a c t s  t o  

c e r t a i n  types  of r eco rd ings .  I n  p a r t i c u l a r ,  where a s i n g l e  f requency 

dominates t he  recorded d a t a  i t  can be expected t h a t  t h e  record-playback 

process  w i l l  g ene ra t e  harmonics of  t h i s  f requency.  The degree t o  which 

t he  record ing  system i s  s u s c e p t i b l e  t o  t h i s  harmonic gene ra t i on  needs t o  

be  determined. 

G.  Computer-Generated Power Spec t r a  

I n  o r d e r  t o  b e t t e r  e s t i m a t e  t h e  broadband n o i s e  f l o o r  l e v e l s  between 

t h e  harmonics of 60Hz and 360Hz, f i n e r  r e s o l u t i o n  on t he  computer a n a l y s i s  

bandwidths and/or  b e t t e r  out-of-band response is  d e s i r e d ,  p a r t i c u l a r l y  

f o r  ana lyz ing  d a t a  below about  5kHz. A t  t h e  meeting we agreed t h a t  t he se  

improvements a r e  d e s i r e d  on ly  i f  they can be r e a l i z e d  w i thou t  major s o f t -  

ware mod i f i ca t i ons  t o  e x i s  t i n g  computer programs a t  NBS/NOAA. The 
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p r e s e n t  out-of-band response  a p p a r e n t l y  i n c l u d e s  improvement f e a t u r e s  

a l r e a d y .  A n a l y s i s  r e s o l u t i o n  can s t i l l  b e  improved (made narrower)  by  a  

f a c t o r  of two, w i t h  o n l y  minor s o f  m a r e  ad jus tments  accord ing  t o  

Bensema. So t h i s  may b e  worth  g e t t i n g .  However, t h e  r e s u l t a n t  r e s o l u -  

t i o n  w i l l  a l s o  b e  a  f u n c t i o n  of t h e  degree  of f r equency  s c a l i n g  used t o  

a n a l y z e  t h e  t a p e s .  

I t  would a l s o  b e  d e s i r a b l e  t o  b e  a b l e  t o  i n c r e a s e  t h e  number of t i m e  

segments used t o  g e n e r a t e  t h e  power spec t rum e s t i m a t e s ,  above t h e  20 

used f o r  t h e  p r e v i o u s  NBS measurements;  a g a i n ,  i f  t h i s  can b e  done w i t h -  

o u t  ma jor  changes and expense .  I n  t h i s  way t h e  spect rum e s t i m a t e s  cou ld  

b e  based  on l o n g e r  and pe rhaps  more r e p r e s e n t a t i v e  t i m e  i n t e r v a l s  f o r  

a s s e s s i n g  t h e  n o i s e  impact  on v o i c e  communications,  p a r t i c u l a r l y  i f  t h e  

c o a l  mine n o i s e  environments  a r e  n o n - s t a t i o n a r y .  The a b i l i t y  t o  v a r y  

t h e  number of segments above 20 would a l s o  a l l o w  some c o a r s e  assessment  

of  t h e  degree  of n o i s e  s t a t i o n a r i t y  . C o n s i d e r a t i o n s  such  a s  t h e  above 

s h o u l d  b e  examined i n  more d e t a i l ,  i n  o r d e r  t o  g e t  maximum u t i l i z a t i o n  of 

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

and economical  manner. 

H .  Choice of  Mines f o r  Measurements 

T e n t a t i v e  c r i t e r i a  have been  e x p r e s s e d  on which t o  b a s e  t h e  cho ice  of  

mines f o r  conduc t ing  t h e  s c o u t i n g - p a r t y  measurements.  Some of t h e s e  

a r e :  t h a t  they  b e  l a r g e  b i tuminous  mines i n  t h e  E a s t ,  w i t h  h i g h  r o o f s ,  

and i n  Pennsy lvan ia  o r  West V i r g i n i a  f o r  convenience;  w i t h  a  DC t r o l l e y  

h a u l a g e  s y s t e m ,  c o n v e n t i o n a l  and c o n t i n u o u s l y  mined f a c e s ,  and 3-phase 

r e c t i f i e d  power c e n t e r s .  The c r i t e r i a  need t o  b e  s p e l l e d  o u t  i n  more 

d e t a i l ,  expanded,  and f i n a l i z e d  t o  conform w i t h  t h e  measurement program 

o b j e c t i v e s  and t h e  requ i rements  of t h e  Bureau of  Mines , which a l s o  a r e  

t o  b e  f i n a l i z e d .  

I .  Experiment Design 

I t  was agreed  t h a t  long- term measurements over  s e v e r a l  c o n s e c u t i v e  weeks 

o r  months i n  a  mine were  n o t  w a r r a n t e d  f o r  t h e  s c o u t i n g - p a r t y  measurement 
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program. The mine n o i s e  c h a r a c t e r i s t i c s  and l e v e l s  a r e  l i k e l y  t o  b e  

q u i t e  s i m i l a r  from w o r k - s h i f t  t o  w o r k - s h i f t  and r e p e a t e d  many t i m e s  

d u r i n g  a  work-shif  t . Theref o r e ,  measurements need b e  made i n  a  few 

d i f f e r e n t  mines , a t  s e v e r a l  r e p r e s e n t a t i v e  l o c a t i o n s  and t imes  through- 

o u t  a  w o r k - s h i f t ,  o v e r  a  few c o n s e c u t i v e  d a y s ,  i n  t h e  v i c i n i t y  of impor- 

t a n t  e l e c t r i c a l  equipment and f a c i l i t i e s ,  under  d i f f e r e n t  o p e r a t i o n a l  

c o n d i t i o n s  and l o a d s .  Such measurements a r e  expec ted  t o  p r o v i d e  

s u f f i c i e n t  d a t a  f o r  g e n e r a t i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  power spec t rum 

and ampl i tude  and t i m e  d i s t r i b u t i o n  e s t i m a t e s  t h a t  can t h e n  b e  used f o r  

making f i r s  t - o r d e r  s y s  t e m  performance e s t i m a t e s  and d e c i s i o n s  r e g a r d i n g  

t h e  c a n d i d a t e  mine communication t e c h n i q u e s .  D e t a i l e d  p l a n s  r e g a r d i n g  

t h e  l o c a t i o n s ,  equipments , c o n d i t i o n s ,  t ime d u r a t i o n s ,  e t c .  , of s p e c i f i c  

measurements have y e t  t o  b e  fo rmula ted  and i n t e g r a t e d  i n t o  a  n o i s e  

measurement program des igned  t o  y i e l d  t h e  d e s i r e d  r e s u l t s  i n  an e f f i c i e n t  

and economical  manner. 
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APPENDIX 

SUMMARY REPORTS OF ELECTROMAGNETIC (EM) N O 1  SE 
FIEASUREMENT PROGRAM REVIEW MEETINGS 

I. INTRODUCTION 

From May of 1972 t h r o u g h  Oc tobe r  1973  ADL s t a f f  s e r v e d  PMSRC i n  an 
a d v i s o r y  and c o o r d i n a t i n g  c a p a c i t y  w i t h  r e s p e c t  t o  t h e  B u r e a u ' s  measure- 
ment program f o r  o b t a i n i n g  q u a n t i t a t i v e  n o i s e  d a t a  t o  c h a r a c t e r i z e  t h e  
EM n o i s e  env i ronmen t s  o f  underground c o a l  mines .  I n  t h i s  c a p a c i t y  ADL 
s t a f f  k e p t  i n  c l o s e  t o u c h  w i t h  t h e  NBS measurement team, and p a r t i c i p a t e d  
i n  p e r i o d i c  s t a t u s  r e p o r t  and s y s t e m  rev iew m e e t i n g s  w i t h  t h i s  team and 
PMSRC, d u r i n g  b o t h  t h e  s y s t e m  i m p l e m e n t a t i o n  p h a s e  and t h e  s u b s e q u e n t  
n o i s e  d a t a  a c q u i s i t i o n  and r e d u c t i o n  p h a s e s .  T h i s  Appendix p r e s e n t s  
f o r  h i s t o r i c a l  r e f e r e n c e  a  c o l l e c t i o n  of memoranda p r e p a r e d  by ADL f o r  
PMSRC t o  r e c o r d  t h e  p r i n c i p a l  f i n d i n g s  and d e c i s i o n s  of  t h e s e  m e e t i n g s .  

. . 
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11. EM NOISE MEASUREMENT PROGRAM MEETING AT NBS, BOULDER, COLORADO ON 
24 MAY 1972 

The EM Noise Measurement Program s t a t u s  r e p o r t  meeting a t  NBS,  Boulder,  
Colorado, on 24 May 1972, was a t tended  by H.  Parkinson of Bureau of Mines ; 
R .  Lagace and R.  Spencer of ADL; J .  Adams, W .  Bensema and H .  Taggart  of 
NBS; W .  S tou t  and H .  Kuchera of Co l l i n s  R.adio; and D.  Spaulding of ITS 
(only f o r  a s h o r t  t ime) .  The p r i n c i p a l  f i nd ings  and dec i s ions  a r e  sum- 
marized below. 

A .  TEST DESIGN AND PLANNING 

Program Schedule 

BuMines p r e f e r s  t h a t  t e s t s  i n  mines be  s t a r t e d  by August, b u t  NBS es t ima te s  
i t  w i l l  be  a t  l e a s t  f ou r  months be fo re  i t  w i l l  b e  ready t o  do in-mine t e s t s .  
A t  very l a t e s t ,  BuMines wants in-mine work s t a r t e d  w e l l  be fo re  November 
because of the  problems of snow and adverse weather a f t e r  t h a t  t ime. 

The long l ead  time equipment has  been ordered by NBS wi th  n e g o t i a t i o n s  s t i l l  
i n  progress  wi th  S toddar t  regard ing  r e c e i v e r  modi f ica t ions .  Though t h e  pro- 
gram has  moved forward, s e v e r a l  equipment r e l a t e d  d e t a i l s  and many planning 
and t e s t  des ign  i tems have t o  be  reso lved .  Previous commitments of NBS 
and ITS s t a f f  a r e  expected t o  t a p e r  o f f  by J u l y ,  a t  which time s u b s t a n t i a l  
e f f o r t  w i l l  be  devoted t o  t h e  BuMines n o i s e  i n s t rumen ta t i on  and measurement 
program. 

Coal Mines f o r  Tes t s  and The i r  E l e c t r i c a l  Environments 

Tes t s  a r e  be ing  planned f o r  t h r e e  b i g  Eas te rn  mines: 

a .  U.S. S t e e l  - Robena Mine i n  Uniontown, Pennsylvania 

- Continuous mining with 600V DC r a i l  haulage 

- Depth - 1,000 f e e t  

b .  I s l a n d  Creek - North Branch Mine, Char les ton ,  W .  V i r g i n i a  

- Continuous mining wi th  300V DC r a i l  personnel  haulage 
and 440V AC b e l t  haulage 

- Depth - 400-500 f e e t  
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c. I s l a n d  Creek - Alpine Mine, Char les ton ,  W .  V i rg in i a  

- Conventional mining wi th  300V DC r a i l  personnel  haulage 
and 440V AC b e l t  haulage 

- Depth - 400-500 f e e t  

Frequencies p re sen t  i n  many mines a r e  given below: 

Telephone Frequencies : i n  Hz : 

300Hz t o  3000Hz Voiceband 

Tro l l ey  Line Frequencies : i n  kHz: 

(MSA) (FEMCO) FM C a r r i e r  Deviat ion 

61,  72, 85, 88, 100 +3% C a r r i e r  - 

116, 113, 114, 163, 190 + 3kHz - 
(Tro l ley  phones usua l ly  on f o r  10-15 second b u r s t s )  

Fan S igna l ing  and Pump Control  Frequencies : i n  kHz: 

(Sent over  s u r f a c e  AC power l i n e s  by pu l s ing  c a r r i e r  
15 seconds on, 5 seconds o f f )  

Hoist  Freauencies  : i n  kHz: 

163 t y p i c a l ,  though some use t r o l l e y  phone 
frequency of 88,  100. 

Noise measurements should be  made r e a l i z i n g  t h a t  mine communication t r a n s -  
missions on t h e s e  f r equenc i e s ,  and a l s o  some from s u r f a c e  t r a n s m i t t e r s ,  
w i l l  be  picked up by t h e  n o i s e  measurement equipment, s o  t h a t  app rop r i a t e  
precaut ions  must b e  taken t o  ensure  t h e  c o l l e c t i o n  of unambiguous n o i s e  
da t a .  

Tes t  S i t e  Communications 

BuMines wants a  communication l i n k  f o r  t e s t  coord ina t ion  between t h e  s u r f a c e  
and underground teams. This  l i n k  should no t  monopolize t h e  baseband mine 
te lephone.  I n s t e a d  i t  should make use of a  c a r r i e r  on t h e  mine te lephone 
l i n e .  This  w i l l  b e  coupled t o  an independent base s t a t i o n  which w i l l  r e l ay  
t h e  messages v i a  r a d i o  t o  mobile u n i t s  of t h e  s u r f a c e  team. Motorola gea r  
i s  be ing  purchased by BuMines t o  provide t h i s  coord ina t ion .  

-L 
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Noise Data Des i red  

I n  r e f e r e n c e  t o  t h e  n o i s e  c h a r a c t e r i s t i c s  of i n t e r e s t  l i s t e d  i n  Table  4 
of t h e  ADL A p r i l  1972 Noise Program Report ,  t h e  C o l l i n s  Radio people  were 
asked t o  comment on what n o i s e  parameters  were most important  f o r  t h e i r  
work. They responded t h a t  t h e  h igh  r e s o l u t i o n  power s p e c t r a  were most 
impor tan t .  With regard  t o  APD's, they a r e  n o t  i n t e r e s t e d  i n  t h e  3-D s h o r t -  
term ones i n  t h e  NBS r e p o r t ,  b u t  want l onge r  term s t a t i s t i c s  t h a t  can be  
used t o  i d e n t i f y  good, average ,  and wors t  case  n o i s e  cond i t i ons .  Time 
s t a t i s t i c s  on t h e  d u r a t i o n  between no i se  b u r s t s  and b u r s t  d u r a t i o n  a r e  
a l s o  of i n t e r e s t ,  b u t  cons idered  t o  be of secondary importance r e l a t i v e  
t o  t h e  power s p e c t r a  and APD's. The ques t i on  of what w i l l  c o n s t i t u t e  
long enough time samples f o r  s p e c i f y i n g  "long termtt APD's t h a t  e x h i b i t  
t h e  impor tan t  c h a r a c t e r i s t i c  v a r i a t i o n s  found i n  c o a l  mines has  s t i l l  
t o  b e  r e so lved .  NBS a l s o  recommends such long-term APD s t a t i s t i c s ,  
b u t  w i th  about an equa l  emphasis on time d i s t r i b u t i o n  s t a t i s t i c s  (TPD's) 
i f  low d a t a  r a t e  code systems a r e  of i n t e r e s t .  

Conducted Noise Measurements 

It was agreed t h a t  very l i t t l e  thought  ha s  been given t o  t h i s  t o p i c ,  w i th  
regard  t o  e x a c t l y  what d a t a  a r e  r e q u i r e d ,  what equipment i s  needed, and 
where,  when, and under what condi t ions  a r e  t h e  d a t a  t o  b e  taken .  Con- 
ducted n o i s e  on bo th  t h e  DC t r o l l e y  l i n e s  and t h e  te lephone l i n e s  (and 
perhaps power l i n e s )  a r e  of i n t e r e s t  t o  BuMines. Concerns were expressed 
regard ing  t h e  e f f e c t s  of moving l o a d s ,  such a s  locomotives and jeeps  on 
t h e  measured d a t a ,  and what l o c a t i o n s  on t h e  l i n e s  make most s ense  t o  
make t h e  measurements. Much more cons ide ra t i on  must be given t o  t h e s e  
measurements, b u t  t h i s  t a s k  was n o t  s p e c i f i c a l l y  ass igned  t o  anyone. 

Transmission Measurements 

Very l i t t l e  thought had been given t o  t h i s  t o p i c ,  s o  BuMines ass igned  t h e  
t a s k  of dev i s ing  meaningful t r ansmis s ion  measurements over  t h e  f requency 
band of i n t e r e s t  t o  C o l l i n s  Radio. A s  a  minimum, BuMines wants measure- 
ments of t r ansmis s ion  l o s s  between s e c t i o n  load ing  p o i n t s  and l o c a t i o n s  
throughout a  working s e c t i o n ,  i nc lud ing  t h e  f a c e  a r e a ;  and between work- 
i n g  s e c t i o n s  and t h e  s u r f a c e  above. These measurements should b e  coor- 
d ina t ed  w i th  t h e  n o i s e  measurements. I n  p a r t i c u l a r ,  BuMines expressed  
a  d e s i r e  f o r  a  s u r f a c e  loop f o r  t r a n s m i t t i n g  t o  t h e  f a c e  a r e a  dur ing  
t h e  a c q u i s i t i o n  of n o i s e  d a t a .  The s ec t i on - to - su r f ace  measurements a r e  
expected t o  assist i n  t h e  des ign  of a  low bandwidth d i g i t a l  through-the- 
e a r t h  parameter  moni tor ing l i n k  t h a t  C o l l i n s  i s  working on f o r  BuMines. 
C o l l i n s  i s  t o  coo rd ina t e  i t s  t r ansmis s ion  measurement t e s t  p l ans  c l o s e l y  
w i th  t h e  NBS n o i s e  measurement e f f o r t s .  
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A t ransmit ter-power a m p l i f i e r  is s t i l l  r equ i r ed  f o r  t h e s e  measurements. 
Two p o t e n t i a l  sources  were c i t e d  t o  be checked: two a m p l i f i e r s  owned by 
BuMines , one owned by D .  Aldr idge of WVU. A power a m p l i f i e r  capable  of 
10 w a t t s  CW ou tpu t  over  t he  300Hz t o  400kHz band i s  d e s i r e d  f o r  t h e s e  
experiments . 
B .  EQUIPMENT 

Tape Recorders 

A battery-powered Lockheed 417WB reco rde r  ha s  been ordered  f o r  use  i n  t he  
mines a s  planned. However, a  somewhat l a r g e r  Honeywell S e r i e s  5600 u n i t  
wi th  a  0-40kHz FM and a  0-300kHz D i r e c t  record  c a p a b i l i t y  has  been sub- 
s t i t u t e d  f o r  t h e  second Lockheed 417WB planned f o r  use on t h e  s u r f a c e .  
The Honeywell u n i t  was chosen f o r  t h e  s u r f a c e  because b e t t e r  reduced- 
speed t ape  dubs could be genera ted  by t he  Honeywell u n i t ,  s i n c e  i t  o f f e r e d  
t h e  c a p a b i l i t y  of g e t t i n g  r i d  of wow and f l u t t e r  by s e rvo -con t ro l l i ng  t h e  
playback t o  a  CW tone recorded on t h e  t ape  w i t h  t he  measured n o i s e .  

The p l an  i s  t o  playback t he  Lockheed 0-100kHz FM record ings  on t h e  Honeywell 
a t  1 /2  speed ,  thereby  compressing t h e  n o i s e  spectrum i n t o  t h e  band from 
0-5OkHz. The means f o r  ob t a in ing  f u r t h e r  reduc t ions  t o  enable  p rocess ing  
by t h e  A/D conve r t e r  were n o t  d i s cus s sed .  NBS is  s t i l l  n o t  s u r e  how t h e  
n o i s e  s p e c t r a  w i l l  be  a f f e c t e d  when t h e  Lockheed 0-375kHz D i r e c t  record ings  
a r e  played back i n t o  t h e  Honeywell 0-100kHz D i r e c t  a t  reduced speed.  

NBS was concerned about p o t e n t i a l  dynamic range problems i f  record ings  
were made ac ros s  t h e  t o t a l  0-100kHz FM on 0-375kHz frequency ranges .  It 
was decided t h a t  s i n g l e  frequency CW dynamic range c a l i b r a t i o n s  could be  
made on H. Tagga r t ' s  loop c a l i b r a t i o n  f a c i l i t y .  There is  s t i l l  a  ques t i on  
r ega rd ing  how seven record- leve l  s e t t i n g s  can exped i t i ous ly  be made i n  t h e  
f i e l d .  

As a r e s u l t  of (a )  t h e  above d i s c u s s i o n ,  (b) ques t ions  concerning s enso r  
response and system n o i s e  l i m i t a t i o n s  imposed on dynamic range ve r sus  f r e -  
quency, (c)  300Hz be ing  t h e  lower cu to f f  frequency normally used f o r  vo i ce  
communications, and (d) t he  a v a i l a b i l i t y  of Lincoln Lab s u r f a c e  n o i s e  d a t a  
t o  f r equenc i e s  down t o  3Hz; i t  was decided t h a t  (1) t he  lower frequency 
l i m i t  of t h e  n o i s e  measurement system would be r a i s e d  from 40Hz up t o  
300Hz, (2)  t h e  6OHz n o i s e  component would be  f i l t e r e d  ou t  be fo re  r eco rd ing ,  
(3) cons ide ra t i on  would be given t o  f i l t e r i n g  ou t  t h e  360Hz component t o o ,  
b u t  perhaps t o  l e s s e r  degree than  t h e  ~ O H Z ,  and (4)  W .  Bensema would choose 
t h e  app rop r i a t e  s i g n a l  cond i t i on ing  e l e c t r o n i c s  t o  produce t h e  d e s i r e d  
f avo rab l e  no i s e  r eco rd ings .  To accomplish (4) t he  300Hz t o  400kHz band 
may have t o  be  s p l i t  up i n t o  a  h igh  and a  low band. The t a p e  r eco rde r s  
had n o t  been r ece ived  and t e s t e d  a s  of t h i s  v i s i t .  
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Stoddar t  Receivers  

The NM-12T and NM-25T r e c e i v e r s ,  and a s soc i a t ed  (6)  30-inch loops and (2) 
12-inch loops have been ordered ,  b u t  t h e  ques t ion  of who, ITS o r  S todda r t ,  
i s  going t o  make the  r equ i r ed  modi f ica t ions  (rms power and V o u t p u t s ,  
and heterodyning t o  baseband) had no t  y e t  been reso lved .   athes he son of 
ITS (not  p r e sen t )  is t o  fol low t h i s  up. I n  Matheson's absence,  J .  Adams 
gave a  thumbnail ske tch  of developments t o  d a t e .  Two poss ib l e  configura-  
t i o n s  f o r  f i e l d  use of t he  r e c e i v e r s  have been proposed by ITS. 

(1) 
FIELD 

LAB 

(2) 
FIELD 

Heterodyne 
Tape Record 

I L NM-12T Heterodyne - APD 
or 25T to 455kHz Machine - 

The provis ions  f o r  genera t ing  t h e  i n d i c a t e d  n o i s e  APD's w i t h i n  t he  r e c e i v e r  
passband a t  s p e c i f i c  c a r r i e r  f requenc ies  of i n t e r e s t  look sound. But t h e  
system as  shown dev ia t e s  i n  one major r e 9 ) e c t  from t h a t  o r i g i n a l l y  proposed. 
Namely, t h e  r e c e i v e r  IF  ou tput  i s  being heterodyned down t o  50kHz i n s t e a d  of 
t o  baseband p r i o r  t o  be ing  recorded. The o r i g i n a l  system s p e c i f i c a t i o n  t o  
use baseband, would allow f o r  d i r e c t  compatible process ing  of t he  recorded 
S toddar t  waveforms by the  NBS spectrum a n a l y s i s  system. Since t h i s  change 
t o  a  50kHz c a r r i e r  does no t  a l low such convenient a n a l y s i s ,  reasons f o r  
t h e  change were reques ted .  I n  t he  absence of a l l  ITS personnel ,  t h e  
answer was n o t  a v a i l a b l e ,  s o  J .  Adams agreed t o  check t h i s  ou t  l a t e r  w i th  
R.  Matheson. 

F i e l d  Components and Sensors 

NBS recommended some simultaneous measurenlents of a l l  s i x  f i e l d  components, 
t h r e e  magnetic and t h r e e  e l e c t r i c ,  a s  opposed t o  j u s t  magnetic f i e l d s  as  
o r i g i n a l l y  planned. S i x  30" and two 12" sh i e lded  S toddar t  loops have been 
purchased f o r  the  magnetic f i e l d .  The 30"' loops a r e  s e l f - r e sonan t  a t  approx- 
imately 390kHz, which may be f a r  enough removed from the  h i g h e s t  frequency 
t o  be recorded.  Spec i a l  e l e c t r i c  f i e l d  sensor  antennas a r e  t o  be  made f o r  
t h e  e l e c t r i c  f i e l d .  ADL expressed concern. about t h e  d i f f i c u l t i e s  normally 
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a s s o c i a t e d  wi th  t ak ing  c a l i b r a t e d  E-f i e l d  "near-f i e l d "  n o i s e  measurements 
i n  adverse  environments,  such as  mines. Such c losed  environments t h a t  con- 
t a i n  many conduct i n g  s t r u c t u r e s  can e a s i l y  change t he  response c h a r a c t e r i s -  
t i c s  of whip antennas and d i s t o r t  t h e  e l e c t r i c  f i e l d s  t o  be  measured, 
thereby  making t h e  r e s u l t s  d i f f i c u l t  t o  i n t e r p r e t .  The l i m i t e d  number of 
a v a i l a b l e  t ape  channels may a l s o  impose dynamic range l i m i t a t i o n s  f o r  such 
measurements. NBS acknowledged t he se  d i f f i c u l t i e s  and t h e r e f o r e  p lans  t o  
l i m i t  t h e  measurements of a l l  s i x  f i e l d  components t o  a  sma l l  number of 
t h e  t e s t s .  Great  c a r e  w i l l  have t c  be taken i n  choosing, c a l i b r a t i n g ,  and 
us ing  an app rop r i a t e  E - f i e ld  s enso r  antenna.  NBS f e e l s  t h a t  t he se  E- f ie ld  
measurements may h e l p  determine t h e  r e l a t i o n s h i p s  between t h e  s t r e n g t h s  of 
t h e  E- and H-f ie lds  i n  n e a r - f i e l d  c o a l  mine environments.  ADL has  reserva-  
t i o n s  concerning t h e  va lue  of t he se  E - f i e ld  measurements, and f e e l s  t h a t  
t h e  s u b j e c t  should  b e  d i s cus sed  i n  more d e t a i l .  

P e r m i s s i b i l i t v  Cons idera t ions  

NBS would l i k e  t o  b r i n g  a l l  i t s  measurement g e a r ,  i n s t e a d  of j u s t  t h e  loops 
and preamps, i n t o  working s e c t i o n s ,  i nc lud ing  f a c e  a r e a s .  The t o p i c  was 
d i s cus sed ,  wi th  a  t e n t a t i v e  agreement t h a t  i t  may be p o s s i b l e .  However, 
t o  be s u r e  NBS should send equipment d e s c r i p t i o n s  and c i r c u i t  diagrams t o  
Bob Wolfe a t  PMSRC, who i s  t h e  BuMines man concerned w i th  t h e  requirements  
f o r  s a f e  e l e c t r i c a l  c i r c u i t s .  

C .  ANALYSIS 

Noise Power Spec t r a  

ITS commented on t h a t  p a r t  of t h e  second paragraph on Page 20 of 
t h e  ADL Ins t rumen ta t i on  System Technica l  Memorandum of A p r i l  1972, regard ing  
t h e  ou tpu t s  of spectrum ana lyzers  r e l a t i v e  t o  those  of computer-generated 
power s p e c t r a .  Namely, when r e f e r r i n g  t o  convent iona l  spectrum ana lyze r s  
t h a t  u t i l i z e  succes s ive  l oga r i t hmic  d e t e c t i o n  of t h e  envelope of t h e  i n p u t  
waveform, t h e  ana lyze r  can be c a l i b r a t e d  f o r  CW s i g n a l s ,  such as  harmonics,  
b u t  n o t  f o r  broadband n o i s e .  Therefore  t he  ou tpu t  of t h e  ana lyze r  w i l l  
agree  w i th  t h e  computer s p e c t r a  only f o r  t h e  CW harmonic n o i s e  l e v e l s ,  
b u t  n o t  f o r  t h e  broadband n o i s e  spectrum l e v e l s  between the harmonics. 
ADL agreed w i th  ITS'S comments. 

NBS r epo r t ed  t h a t  i t  had no t  y e t  examined how t h e  number of b i t s  i n  
t h e  A/D q u a n t i z a t i o n  process  a f f e c t e d  t h e  FFT generated broadband n o i s e  
s p e c t r a .  But NBS suggested a  good experiment t o  g e t  t he  answer; namely, 
t ake  t h e  p r e sen t  t apes  of quant ized  n o i s e  d a t a ,  and look f o r  changes i n  t h e  
computed FFT s p e c t r a  a s  t h e  l e a s t  s i g n i f i c a n t  b i t s  i n  t he  d a t a  a r e  d e l e t e d  
one a t  a  t ime.  ADL agreed t o  ask Evans of L inco ln  Lab f o r  h i s  judgment on 
t h e  ma t t e r .  It appears  t h a t  Evans d id  n o t  have t o  f a c e  t h i s  problem, 
because h i s  l a r g e  A/D dynamic range was d i c t a t e d  n o t  by harmonic ve r sus  
broadband n o i s e  spectrum l e v e l  dynamic range ,  b u t  by t h e  l a r g e  dynamic 
range r equ i r ed  t o  produce APD1s t o  t he  accuracy des i r ed  by Linco ln  Lab. 
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Working Memorandum /I10 

D . MISCELLANEOUS 

Page: 7 

H .  Parkinson heard  t h a t  a d d i t i o n a l  n o i s e  d a t a  has  been r e c e n t l y  r e l ea sed  by 
Lincoln Lab--and t h a t  ADL should v e r i f y  t h i s  w i th  J .  Evans of L inco ln .  

According 50 K e l l e r ' s  experiments and s t u d i e s ,  an overburden conduc t iv i t y  
of a 5 10- mholmeter i s  a good va lue  t o  assume f o r  c o a l  mines ~ 1 0 0 0  f e e t  
i n  depth.  Values a s  h igh  a s  a = 10-I  mho/meter a r e  seldom found except  
perhaps i n  s m a l l  pocke ts .  

H .  Crary of ITS sugges t s  t h a t  f requenc ies  around 1.5gHz may be  s u i t a b l e  
f o r  w i r e l e s s  po in t - to -po in t  t r ansmis s ion  i n  mine e n t r i e s ,  haulageways, 
e t c . ,  a s  a r e s u l t  of h igher -order  waveguide propaga t ion  modes. 

Radio communication ranges  i n  excess  of 2000 f e e t  were ob ta ined  by a 
Sunshine Mine rescue  team us ing  1 w a t t  Motorola walk ie  t a l k i e s  a t  a f  re-  
quency of 460mHz, w i th  t h e  a s s i s t a n c e  of ia /I12 w i r e  deployed on t h e  mine 
f l o o r  a s  t h e  team advanced i n t o  t h e  mine. 

H .  Parkinson has  exper ienced very f avo rab l e  w i r e l e s s  along-the-roof com- 
munication on working s e c t i o n s  on s e v e r a l  occas ions  t o  ranges  of s e v e r a l  
hundred f e e t .  This  was accomplished by connect ing a t r o l l e y  phone 25-watt 
88kHz t r a n s m i t t e r  ou tpu t  t o  two roof b o l t s  and r e c e i v i n g  w i th  a Reach 
pocket pager .  The impedance between two roof b o l t s  s t ayed  p r e t t y  cons t an t  
a t  about  20-25 ohms* when t h e  s e p a r a t i o n  between them exceeded about 30 f e e t  
i n  t h e  P i t t s b u r g h  c o a l  seam. Roof b o l t s  range from 3 t o  7 f e e t  i n  l e n g t h ,  
314 t o  1 inch i n  d iameter ,  w i th  a 9-inch square  roof p l a t e ,  and a 4 t o  5 
inch  diameter  expansion s e c t i o n  nea r  t h e  upper end. They a r e  t y p i c a l l y  
spaced 4 f e e t  and g r e a t e r  a p a r t ,  depending on roof cond i t i ons .  

* Data taken s i n c e  then i n d i c a t e  t h a t  t h e  t o t a l  t e rmina t i on  impedance f o r  
roof b o l t  p a i r s  s epa ra t ed  by 50-200 feet: f a l l s  mainly i n  t h e  range of 50- 
120 ohms. 
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111. EM NOISE MEASUREMENT PROGRAM MEETING AT NBS, BOULDER, COLORADO ON 
17 A'JCJST 1072 

On 1 7  August 1972 t h e  EM Noise  Measurement Program s t a t u s  r e p o r t  meet ing 
a t  NBS i n  Boulder ,  Colorado was a t t e n d e d  by Howard Park inson  of t h e  Bureau 
of  Mines;  R .  Lagace and R .  Spencer  of ADL, John Adams and Wil l iam Bensema 
of NBS, Don Spau ld ing  and Bob Matheson of  ITS; and B i l l  S t o u t  and Dean 
Anderson of  C o l l i n s  Radio.  The p r i n c i p a l  f i n d i n g s  and d e c i s i o n s  a r e  sum- 
marized below. 

A .  TEST DESIGN AND PLANNING 

Schedule  and T e s t  P l a n s  

The p r e s e n t  s c h e d u l e  c a l l s  f o r  making sys tem p r o o f - t e s t  n o i s e  measure- 
ments i n  t h e  L i n c o l n  mine d u r i n g  t h e  l a s t  week i n  September 1972,  and 
n o i s e  measurements i n  E a s t e r n  mines s t a r t i n g  a t  t h e  end of  October  1972. 

I t  was a g r e e d  t h a t  NBS would p r e p a r e  t e s t  p l a n s  f o r  t h e i r  v i s i t s  t o  t h e  
E a s t e r n  mines ,  and t h e s e  t e s t  p l a n s  would b e  s u b m i t t e d  t o  t h e  Bureau of 
Mines and t o  Ar thur  D .  L i t t l e ,  I n c .  A copy of  t h e  t e s t  p l a n  f o r  t h e  
L i n c o l n  mine p r e l i m i n a r y  p r o o f - t e s t s  would a l s o  b e  forwarded t o  A r t h u r  
D .  L i t t l e ,  I n c .  

O b i e c t i v e s  of Noise  Measurement P r o ~ r a m  

It was agreed  t h a t  t h e  o b j e c t i v e s  of t h e  p r e s e n t  measurement program a r e  
t o  o b t a i n  a s  o u t p u t  p r e s e n t a t i o n s  t h e  f o l l o w i n g  i t e m s ,  l i s t e d  a c c o r d i n g  
t o  t h e i r  p r i o r i t i e s  : 

1 )  Noise  Power S p e c t r a  
2) Noise  Amplitude 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's) 
3) S i g n a l  A t t e n u a t i o n  Curves Pr imary ............................................................... 

4) Noise  P u l s e  D u r a t i o n  D i s t r i b u t i o n s  (PDD's) 
5) Noise  C o r r e l a t i o n s  

Secondary 

Communications Gear f o r  In-Mine Experiments 

Howard P a r k i n s o n  asked C o l l i n s  Radio t o  p r o v i d e  i d e a s ,  l is ts  of equip-  
ment,  and u t i l i z a t i o n  d e t a i l s  f o r  i n t e r f a c i n g  s u r f a c e  hand-held r a d i o  
sets w i t h  t h e  mine t e l e p h o n e  sys tem,  such t h a t  e x p e r i m e n t e r s  on t h e  
s u r f a c e  can t a l k  t o  e x p e r i m e n t e r s  i n  t h e  mine. The C o l l i n s  e f f o r t  i s  
t o  g i v e  PMSRC an a l t e r n a t i v e  t o  some of M o t o r o l a ' s  s u g g e s t i o n s .  The 
i n t e n t  i s  t o  p r o v i d e  a n  independent  phone l i n e - t o - r a d i o  i n t e r f a c e  a t  
t h e  s u r f a c e  end o f  t h e  mine t e l e p h o n e  l i n e ,  and quick-connect  loud  
s p e a k i n g  t y p e  phones f o r  temporary connec t ion  t o  t e l e p h o n e  l i n e s  i n  t h e  
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immediate v i c i n i t y  of EM n o i s e  measurement a r e a s .  Radio u n i t s  i n  t h e  
27 mHz o r  416 mHz bands a r e  p r e f e r r e d  on t h e  s u r f a c e .  Cabl ing on t h e  
o r d e r  of 1000 f e e t  may b e  r e q u i r e d  t o  run from t h e  s u r f a c e  te lephone  l i n e  
t e rmina t i on  t o  a l o c a l  h igh  s p o t  t o  p rov ide  adequate  r a d i o  coverage on 
t h e  s u r f a c e .  The v o i c e  s i g n a l s  s e n t  over  t h i s  communications l i n k  should 
b e  t r a n s l a t e d  t o  a c a r r i e r  frequency t h a t  t h e  phone l i n e  w i l l  pass  wi thout  
i n t e r f e r i n g  w i t h  normal ba se  band vo i ce  mine communications. 

NBS/ITS reques ted  t h e  use  of equipment now h e l d  by t h e  Bureau of Mines 
t o  h e l p  conduct t h e  n o i s e  measurement exper iments .  This  equipment con- 
sists of t h e  Motorola 416 mHz w a l k i e - t a l k i e  r a d i o  sets. Howard Parkinson 
agreed t o  p rov ide  t h i s  equipment t o  NBS/ITS i n  t i m e  f o r  t h e  Linco ln  mine 
tests . 
Long Term S t a t i s t i c s  of Noise Within Mines - 

NBS commented t h a t  they  expec t  t o  p rog re s s  through a l e a r n i n g  curve a s  
t h e  exper iments  proceed i n  terms of t h e i r  judgment of record ing  t i m e s  
r equ i r ed  a t  s p e c i f i c  l o c a t i o n s  and equipment i n  t h e  mine. They expec t  
t o  sample t h e  n o i s e  from d i f f e r e n t  equipment under va r ious  load  condi- 
t i o n s ,  and t o  sample s e p a r a t e  u n i t s  of each equipment type .  Howard 
Parkinson no ted  t h a t  15 minutes r e p r e s e n t s  a t y p i c a l  cycle-time of t h e  
equipment, and t h a t  lunch b reaks  and s h i f t  changes a l s o  r e p r e s e n t  t i m e s  
of major changes i n  mine a c t i v i t y  t o  b e  examined. It was a l s o  decided 
t h a t  l e a v i n g  t h e  n o i s e  equipment i n  a mine f o r  a cont inuous 24 hour  moni- 
t o r i n g  pe r iod ,  t o  ensure  t h a t  no th ing  important  noise-wise was missed,  
was n e i t h e r  d e s i r a b l e  no r  necessary .  

Conducted Noise Measurements 

A cons ide rab l e  d i s cus s ion  of conducted n o i s e  and i t s  measurement took 
p l a c e  w i th  mention of t h e  work of WW ( S i e r r a  RF vo l tme te r )  and Lee 
Engineer ing (GR Microvol te r )  i n  c o a l  mines a s  p o s s i b l e  gu ides .  It was 
decided t h a t  f o r  t h e  phone l i n e s ,  a p p r o p r i a t e  measurements would r e s u l t  
i f  l i n e  # 1  t o  ground, l i n e  62 t o  ground, and l i n e  I1 t o  l i n e  12 conducted 
n o i s e  v o l t a g e  measurements a r e  made. Concerning t r o l l e y  l i n e s ,  i t  was 
agreed t h a t  t h e  t r o l l e y  l i n e  t o  ground n o i s e  v o l t a g e  is  t o  be  used. It 
was a l s o  agreed t h a t  some n o i s e  measurements be made on roof  b o l t s ,  i n  
p a r t i c u l a r  t h e s e  w i l l  b e  v o l t a g e  measurements roof b o l t  t o  roof  b o l t  a s  
a f unc t i on  of roof b o l t  s e p a r a t i o n .  The need f o r  measurement of n o i s e  
c u r r e n t  remained unresolved.  NBS agreed t o  develop a p l a n  f o r  ob t a in ing  
conducted n o i s e  measurements. This  p l an  w i l l  i n c lude  t r ea tmen t  of pro- 
blems of c a l i b r a t i o n ,  methods of loca t io r l  of a t t achments ,  problems a s soc i -  
a t e d  w i th  impedances of t h e  s o u r c e s ,  and t h e  u t i l i t y  of c u r r e n t  probe o r  
nearby magnetic f i e l d  measurements. 
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Impedance Measurements 

A f t e r  cons ide rab l e  d i s c u s s i o n ,  i t  was agreed t h a t  t h e  n o i s e  measurement 
program of NBS/ITS w i l l  n o t  b e  r equ i r ed  a t  t h i s  t i m e  t o  make te lephone  
o r  t r o l l e y  l i n e  impedance measurements. ADL was asked t o  dev i se  p r a c t i -  
c a l  means f o r  t ak ing  t r o l l e y  l i n e  impedance measurements f o r  s e p a r a t e  
tests t o  b e  performed a t  a l a t e r  d a t e .  

Transmission Measurements 

A cons ide rab l e  d i s cus s ion  ensued concerning t ransmiss ion  measurements. 
It was f i r s t  agreed t h a t  NBS/ITS would des ign  and conduct t h e  s p e c i f i c  
measurements, and welcome any and a l l  sugges t i ons .  It was agreed t h a t  
one s u r f a c e  loop would b e  used t o  t r ansmi t  t o  t h e  r ece iv ing  equipment i n  
t h e  mine, and t h a t  t h i s  would b e  a t  an  audio frequency. It i s  p o s s i b l e  
t h a t  t h i s  s u r f a c e  loop could f i r s t  be  used t o  p rov ide  a s i n g l e  sweep of 
frequency over  a wide ope ra t i ng  range,  and then  l e f t  t o  t r ansmi t  a t  a 
s i n g l e  low frequency n e a r  450 Hz f o r  t h e  remainder of t h e  measurements. 

It was agreed t h a t  i f  an in-mine t r a n s m i t t e r  i s  used, i t  w i l l  be  opera ted  
a t  a s i n g l e  h igh  frequency,  and used only f o r  in-mine face-area l a t e r a l  
t r ansmis s ion  measurements, i n  o rde r  t o  keep t h e  measurement program w i t h i n  
bo th  manageable and s a f e  l i m i t s .  The in-mine frequency should b e  e i t h e r  
j u s t  above o r  below t h e  t r o l l e y  phone f requenc ies  of 88 and 100 kHz found 
i n  mines. Howard Parkinson sugges ted  t h a t  116 kHz might b e  most s u i t a b l e ,  
w i th  an  a l t e r n a t i v e  be ing  between 92 - 95 kHz. A s t a b l e  t r a n s m i t t e r  of 
20 w a t t  c apac i t y  should  b e  used f o r  t h e s e  t e s t s  s i n c e  i t  approximates t h a t  
of p r e s e n t  t r o l l e y  phone equipment. 

The main o b j e c t i v e  of t h e s e  in-mine experiments i s  t o  p rov ide  f i r m  s i g n a l  
s t r e n g t h  exper imenta l  d a t a  i n  t hose  s e c t i o n  a r e a s  where n o i s e  measurements 
a r e  be ing  taken ,  i n  o rde r  t o  h e l p  e s t a b l i s h  t r a n s m i t t e r  power requirements  
f o r  w i r e l e s s  communications i n  t h e  f a c e  a r e a  a t  t r o l l e y  phone f r equenc i e s .  
Howard Parkinson sugges ted  t h a t  NBS/ITS examine t h e  mine t r ansmis s ion  d a t a  
of Dayne Aldr idge of WVU t aken  i n  s i x  mines and r epo r t ed  i n  t h e  WVU 2nd 
annual  r e p o r t  t o  PMSRC, s i n c e  they may be  a b l e  t o  p r o f i t  from WVU's  exper i -  
ence.  

Manning: 

NBS/ITS confirmed t h a t  no manning problems a r e  a n t i c i p a t e d ,  and t h a t  t h r e e  
f u l l  t i m e  t e chn i c i ans  w i l l  b e  used i n  t h e  manning of t h i s  measurement pro- 
gram i n  a d d i t i o n  t o  t h e  r equ i r ed  engineer ing  s t a f f .  

" .*. 
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Discuss ion  of C o l l i n s  Memorandum of 15 Aunust 1972 

The comments and recommendations o f f e r e d  by C o l l i n s  Radio were d i s cus sed  a t  
l eng th  and t h e  fo l lowing  agreements were reached on each t o p i c .  

1 )  "Power-Down Measurements" - It was agreed t h a t  mine power-down 
measurements a r e  n o t  e s s e n t i a l  t o  t h e  n o i s e  measurement program. I n  addi- 
t i o n ,  power shutdowns c r e a t e  a  major inconvenience t o  mine o p e r a t o r s ,  which 
t h e  Bureau does n o t  want t o  impose. Therefore ,  t h e  sampling of "qu ie t"  EM 
n o i s e  cond i t i ons  w i l l  b e  r e s t r i c t e d  t o  f i n d i n g  r e l a t i v e l y  "qu ie t"  s p o t s ,  
EM-wise,  i n  out-of-the-way p l a c e s  i n  t h e  mine o r  measuring dur ing  between- 
s h i f t  p e r i o d s ,  maintenance s h i f t s ,  o r  ot:her o p e r a t i o n a l l y  "qu ie t"  t imes .  

2) "Concurrent S i g n a l  A t t enua t i on  Measurements" - It was agreed 
t h a t  t h e r e  i s  no need of performing ex t ens ive  surface-to-mine a t t e n u a t i o n  
measurements a t  p r e sen t :  i n  view of t h e  acceptance of conduc t iv i t y  
va lues  ob ta ined  f o r  gene ra l i z ed  mining a r e a s  from s i m i l a r  measurements 
by o t h e r  Bureau c o n t r a c t o r s ,  and t h e  acceptance a s  adequate ,  t h e  theory  
developed s o  f a r  by Wait f o r  v e r t i c a l ,  c o a x i a l  loop-to-loop coupl ing.  
Only some l i m i t e d  loop-to-loop measurements from surface-to--mine, and 
l a t e r a l l y  from f a c e  a r e a s  t o  s e c t i o n  load ing  p o i n t s  a r e  viewed a s  d e s i r -  
a b l e  and a p p r o p r i a t e  t o  t h e  p r e s e n t  NBS/ITS e f f o r t ,  a s  descr ibed  above 
under Transmission Measurements. 

3) "Noise Pick-up from Ear th  Probes" - It was agreed t h a t  n o i s e  pick- 
up from roof b o l t  e a r t h  probes  w i t h i n  mines a s  a  f u n c t i o n  of roof b o l t  
s e p a r a t i o n  is  worth measuring by t h e  NBS/ITS team, a s  d i s cus sed  above 
under Conducted Noise Measurements. Sur face  probe n o i s e  measurements a r e  
n o t  necessary .  

4) "Earth-Probe S i g n a l  A t t enua t i on  and Rela ted  Measurements" - It was 
agreed t h a t  t h e s e  probe measurements would n o t  be  undertaken by t h e  NBS/ITS 
team on t h i s  p r e s e n t  n o i s e  measurement e f f o r t .  Much of t h i s  d a t a  h a s  a l -  
ready been genera ted  by t h e  Bureau and i t s  c o n t r a c t o r s  (PMSRC, CSM, WGL), 
and such wel l -exper ienced teams w i l l  b e  e n l i s t e d  t o  acqu i r e  a d d i t i o n a l  
d a t a  t h a t  may b e  r equ i r ed  i n  t h e  f u t u r e .  Howard Parkinson a l s o  s t a t e d  t h a t  
Bureau exper ience  t o  d a t e  had shown s u r f a c e  probe t r a n s m i t t e r s  used w i t h  
in-mine loop r e c e i v e r s  t o  b e  e a s i e r  and .more p r a c t i c a l  t han  s u r f a c e  probe 
t r a n s m i t t e r s  used w i th  in-mine probe recleivers . 

5)  "Theo re t i c a l  I n v e s t i g a t i o n s "  - It was agreed t h a t  Wait ' s  p r e s e n t  
work assignment f o r  t h e  Bureau on f i n i t e  l eng th  e a r t h  probe t r a n s m i t t e r s  
should  prov ide  adequate  coverage of t h i s  t o p i c .  
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B .  EQUIPMENT 

T a ~ e  Recorders 

NBS r epo r t ed  t h a t  eve ry th ing  i s  p r e s e n t l y  under c o n t r o l  w i t h  t h e  t a p e  re-  
co rde r s .  The de lay  i n  d e l i v e r y  of t h e  Lockheed r e c o r d e r s ,  no t  r ece ived  a s  
of t h e  meet ing,  was n o t  viewed a s  s e r i o u s .  F i l t e r s  have been bought t o  
cure  any r eco rde r - a l i a s ing  problems caused by poor out-of-band response 
above t h e  d e s i r e d  r eco rd ing  band. A bandwidth compression c a p a b i l i t y  of 
128 t o  1 i s  a v a i l a b l e  from t h e  Honeywell-Lockheed t a p e  r eco rde r  s e t .  This  
w i l l  be  adequate  t o  cover a l l  of t h e  n o i s e  record ing  manipulat ions  envis ion-  
ed .  NBS a l s o  no ted  t h a t  i n  terms of record ing  t ime ,  t h e  equipment t o  b e  
taken i n t o  t h e  mines i s  capable  of record ing  14 minutes a t  t h e  h i g h e s t  t ape  
speed and 56 minutes a t  t h e  lowest  t ape  speed,  pe r  r e e l  of t a p e .  

It i s  t h e  hope of t h e  NBS/ITS team t o  be  a b l e  t o  record  t h e  f u l l  frequency 
band (300 Hz t o  375 kHz D i r e c t ,  300 Hz t o  100 kHz F'M) on a s i n g l e  t r a c k  of 
t h e  t ape  r e c o r d e r ,  f o r  each s e n s o r .  However, i f  i t  i s  found t h a t  t h i s  i s  
no t  p o s s i b l e ,  two channels  p e r  s enso r  w i l l  b e  used t o  cover t h e  frequency 
range.  The c a p a b i l i t y  of ach iev ing  s i n g l e  t r a c k  o.;,eration w i l l  b e  de t e r -  
mined by experiments  i n  t h e  Linco ln  mine. Recordings of t h e  n o i s e  w i l l  
b e  made s imul taneous ly  wideband (up t o  300 kHz) and narrowband ( i n  3 kHz 
s l i c e s ) .  The ou tpu t  n o i s e  d i s t r i b u t i o n s  of each w i l l  b e  compared t o  ob- 
t a i n  a measure of t h e  impuls iveness  of t h e  n o i s e ,  and t h e r e f o r e ,  t h e  dy- 
namic range requi rements .  The narrowband 3 kHz spectrum s l i c e s  w i l l  b e  
produced by pas s ing  t h e  n o i s e ,  p icked up by loop s e n s o r s ,  through a modi- 
f i e d  S todda r t  r e c e i v e r  b e f o r e  record ing .  

It was agreed t h a t  t h e  n o i s e  measurements need n o t  b e  made t o  f requenc ies  
below 300 Hz. NBS would s t i l l  l i k e  t o  r e s e r v e  t h e  op t i on  t o  go below 300 Hz, 
i f  i t  can b e  done wi thout  i n t roduc ing  system complexity o r  d e t e r i o r a t i o n  of 
t h e  n o i s e  record ings  i n  t h e  r equ i r ed  frequency bands (300 Hz t o  375 kHz 
D i r e c t ,  300 Hz t o  100 kHz F'M). 

S todda r t  Receivers  

A f t e r  cons ide rab l e  d i s c u s s i o n ,  i t  was agreed ,  pending a p o s s i b l e  change of 
h e a r t  by B i l l  Bensema of NBS, t h a t  50 kHz i s  an accep t ab l e  c e n t e r  frequency 
t o  heterodyne t h e  S toddar t  r e c e i v e r  IF  ou tpu t  down t o ,  p r i o r  t o  record ing  t h e  
narrowband ( 3  kHz) s l i c e s  of h igh  frequency n o i s e  t o  b e  ob ta ined  from t h e  
modified S todda r t  r e c e i v e r s .  Noise recorded i n  t h i s  manner w i l l  b e  u t i l i z -  
ed  t o  gene ra t e  APD's us ing  equipment now a v a i l a b l e  a t  ITS, and t o  gene ra t e  
some s p o t  s p e c t r a ,  approximately 3 kHz wide and cen t e r ed  a t  f r equenc i e s  of 
i n t e r e s t ,  us ing  t h e  NBS playback and process ing  equipment. ITS no ted  t h a t  
t h e  modi f ica t ions  t o  t h e  S todda r t  r e c e i v e r s  were underway,and expected t h a t  
a l l  t h e  r equ i r ed  modi f ica t ions  w i l l  b e  completed and ins t ruments  checked 
o u t  w i t h i n  f i v e  weeks. 
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F i e l d  Components and Sensors 

It was agreed t h a t  NBS would probably need t o  measure a t  most, two magnetic 
components s imul taneous ly ,  t h e  v e r t i c a l  component and t h e  h o r i z o n t a l  com- 
ponent perpendicu la r  t o  t he  e n t r y  d i r e c t i o n .  I n  some cases  i t  may be adequ- 
a t e  t o  o r i e n t  t h e  loop f o r  maximum output  and j u s t  measure t h a t  f i e l d  s t r e n g t h .  
The Lincoln mine t e s t s  wi th  t h r e e  loops a r e  expected t o  s e t t l e  t h i s  ques t i on .  
ADL recommended t h a t  t he  loops n o t  be  l a i d  on t h e  f l o o r ,  b u t  cen te red  about 
half-way between f l o o r  and roof a s  a r e a l i s t i c  s t anda rd  p o s i t i o n  f o r  t h e  
measurements, i f  pos s ib l e .  

It was agreed t h a t  e l e c t r i c  f i e l d  measurements, i f  made, w i l l  b e  a t  frequenc- 
i e s  above the  baseband response of t h e  record ing  system, namely above 375 kHz. 
Loops w i l l  be  used f o r  t h e  t ape  recorded n o i s e  measurements below 375 kHz. 
NBS noted  t h a t  some manually recorded E--f ie ld  measurements could b e  made, 
a t  l e a s t  i n  t he  e a r l y  t r i p s  i n t o  t h e  Lincoln mine, t o  h e l p  determine per- 
formance of systems ope ra t i ng  a t  f requenc ies  beyond those  p r e s e n t l y  envi- 
s ioned  f o r  t h e  n o i s e  t a p e  record ings .  

NBS w i l l  u t i l i z e  t h e  modified NM-25T Stolddart r e c e i v e r s  t o  examine frequenc- 
i e s  up t o  32 mHz, and an a v a i l a b l e  b a t t e r y  powered EMC-25 f i e l d  s t r e n g t h  
meter t o  examine f requenc ies  up t o  1 gHz. I n t e r e s t  i n  t h i s  upper frequency 
range has  i nc reased  i n  view of  t h e  h igh ly  favorab le  t ransmiss ion  performance 
obta ined  by PMSRC wi th  416 rnHz walk ie  t a l k i e s  i n  coa l  mines. The EMC-25 
no i se  measurements a r e  n o t  in tended  t o  g ive  accu ra t e  n o i s e  measures,  because 
of  t he  i n s t rumen t ' s  design f o r  CW s i g n a l s ,  b u t  a r e  expected t o  g ive  a quick 
approximate p i c t u r e  of t h e  n o i s e  a c t i v i t y  a t  t he se  h ighe r  f r equenc i e s .  

P e r m i s s i b i l i t y  Considerat ions 

NBS/ITS has  decided t h a t  a l l  t h e  n o i s e  measuring equipment should b e  brought  
i n t o  t h e  f ace  a r e a ,  t hus  prec luding  t h e  use of pre-amps and senso r s  a t  t h e  
end of long cab les  s e p a r a t i n g  them from t h e  record ing  system. Therefore  a l l  
t he  equipment must b e  i n t e g r a t e d  i n  a pe rmis s ib l e  manner f o r  use i n  t h e  
f a c e  a r e a ,  and approved by Bob Wolfe i n  P i t t sbu rgh .  It was agreed t h a t  
Howard Parkinson would h e l p  NBS exped i t e  t h i s  p e r m i s s i b i l i t y  design and 
approval  p rocess .  

C .  ANALYSIS 

Noise Power S ~ e c t r a  

NBS repo r t ed  on the  r e s u l t s  of  i t s  experiment t o  determine t h e  e f f e c t s ,  on 
t h e  FFT genera ted  broadband n o i s e  s p e c t r a ,  of d i s ca rd ing  t h e  l e a s t  s i g n i f i -  
c an t  b i t s  i n  t he  A/D conversion t h a t  precedes t h e  n o i s e  spectrum computa- 
t i o n s .  The r e s u l t s  agree  w i th  t he  c l a s s i c a l  t heo ry ,  which p r e d i c t s  an 
i nc rease  i n  t h e  spectrum l e v e l  wi th  t h e  d e l e t i o n  of each b i t .  So i t  has  
been determined t h a t  a l l  12 b i t s  of t h e  p re sen t  A / D  conver te r  a r e  r equ i r ed  
t o  make adequate power spectrum computati-ons f o r  t h i s  program. 

Noise Pu l se  Durat ion D i s t r i b u t i o n s  and Cor re l a t i ons  

The methods have n o t  y e t  been def ined  f o r  ob t a in ing  these  two lowes t -p r io r i t y  
secondary items from t h e  planned n o i s e  record ings .  

1.45 
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I V .  EM NOISE MEASUREMENT PROGRAM MEETINGS AT COLLINS RADIO, NBS, AND 
PMSRC 

Three  a d d i t i o n a l  mee t ings  were  h e l d  i n  1973,  d u r i n g  and a f t e r  t h e  p e r i o d  
i n  which t h e  NBS EM n o i s e  measurements were conducted,  t o  d i s c u s s  pre-  
l i m i n a r y  f i n d i n g s  and t h e  i m p l i c a t i o n s  of t h e s e  f i n d i n g s  on t h e  i n s t r u -  
men ta t ion  sys tem and f u t u r e  measurements. The major f i n d i n g s  and dec i -  
s i o n s  of t h e s e  m e e t i n g s ,  p r i m a r i l y  a s  t h e y  r e l a t e  t o  t h e  measurement 
i n s t r u m e n t a t i o n ,  a r e  b r i e f l y  summarized below. 

A. Meeting a t  C o l l i n s  Radio Co. , Cedar Rapids ,  Iowa on 21, 22 February  
1973 

T h i s  meet ing was h e l d  t o  d i s c u s s  t h e  r e s u l t s  of  t h e  NBS n o i s e  measure- 
ments i n  t h e  f i r s t  major  E a s t e r n  c o a l  mine (Robena No. 4 ) .  Representa-  
t i v e s  of NBS, PMSRC, C o l l i n s  Radio Co., S p e c t r a  A s s o c i a t e s ,  West V i r g i n i a  
U n i v e r s i t y ,  and ADL were p r e s e n t .  

The meet ing and subsequen t  t e l e p h o n e  c o n v e r s a t i o n s  l e d  t o  t h e  f o l l o w i n g  
p r i n c i p a l  f i n d i n g s  and d e c i s i o n s  r e g a r d i n g  t h e  i n s t r u m e n t a t i o n  and f u t u r e  
measurements.  

The underground wideband Lockheed FM r e c o r d i n g  sys tem 
became sys tem n o i s e  l i m i t e d  above about  1 0  kHz i n  t h e  
Robena mine a s  a  r e s u l t  of t h e  g a i n  s e t t i n g s  r e q u i r e d  
t o  p r e v e n t  t h e  unexpec ted ly  h i g h  l e v e l s  of harmonic-type 
n o i s e  below 1 0  kHz from s a t u r a t i n g  t h e  r e c o r d e r .  To 
overcome t h i s  p o t e n t i a l  problem a t  o t h e r  mines ,  i t  was 
dec ided  t o  h i g h  p a s s  f i l t e r  t h e  n o i s e  waveforms, p r i o r  
t o  r e c o r d i n g ,  f o r  two of t h e  t h r e e  FM c h a n n e l s ,  w h i l e  
r e t a i n i n g  t h e  f u l l  bandwidth a s  b e f o r e  on t h e  t h i r d  
channe l .  A f i l t e r  c u t  o f f  around 1 0  kHz was chosen.  
T h e r e f o r e ,  t h e  f o l l o w i n g  r e c o r d i n g s  would b e  made on 
t h e  t h r e e  FM channe l s  of t h e  Lockheed r e c o r d e r :  

F i e l d  Component Noise Bandwidth 

V e r t i c a l  100 Hz t o  100 kHz ( a s  b e f o r e )  

V e r t i c a l  10 kHz t o  100 kHz 

H o r i z o n t a l  (Max. ) 1 0  kHz t o  100 kHz 

i n s t e a d  - of t h e  o r i g i n a l l y  p lanned r e c o r d i n g s  below. 

V e r t i c a l  100 Hz t o  100 kHz 

H o r i z o n t a l  (x)  100 Hz t o  100 kHz 

H o r i z o n t a l  (y )  100 Hz t o  100 kHz 

Arthur D Little, Inc. 



The 3  kHz t o  300 kHz wideband r e c o r d i n g  of t h e  v e r t i c a l  
component on t h e  d i r e c t  channe l  would a l s o  s t i l l  b e  made 
a s  o r i g i n a l l y  planned.  

e To o b t a i n  more n o i s e  d a t a  c l o s e  t o  t h e  working f a c e  a r e a  
of mine s e c t i o n s ,  i t  was decided. t o  make t h e  narrowband 
d i r e c t  r e c o r d i n g  system p e r m i s s i b l e ,  and t o  i n c r e a s e  t h e  
number of f r e q u e n c i e s  a t  which measurements would b e  
made w i t h  t h i s  sys tem which u t i l i z e d  t h e  NM-12 and NM-25 
r e c e i v e r s  and a  d i f f e r e n t  Lockheed r e c o r d e r .  The number 
of f r e q u e n c i e s  would be  i n c r e a s e d ,  w i t h o u t  i n c r e a s i n g  t h e  
t o t a l  measurement t i m e ,  by t a k i n g  r e a d i n g s  of two f i e l d  
components ( v e r t i c a l  and t h e  maximum h o r i z o n t a l )  a t  s i x  
p a i r s  of f r e q u e n c i e s ,  i n s t e a d  of t h r e e  o r t h o g o n a l  f i e l d  
components a t  f o u r  p a i r s  of f r e q u e n c i e s ;  

Namely 

10 kHz 500 kHz 

I n s t e a d  of 

1 0  kHz 500 kHz 

19 1 .15 MHz 30 2  MHz 

It was a l s o  dec ided  t h a t  a  20-minute d u r a t i o n  would b e  used 
f o r  each  of t h e s e  r e c o r d i n g s ,  u n l e s s  a  p a r t i c u l a r  mine 
s i t u a t i o n  o r  o p e r a t i n g  c o n d i t i o n  was c l e a r l y  more s u i t e d  
t o  a  s h o r t e r  d u r a t i o n .  The 20-minute d u r a t i o n  appeared 
t o  be t h e  most p r a c t i c a l  c h o i c e ,  a t  t h i s  p o i n t  i n  t h e  
program, f o r  g e n e r a t i n g  most of t h e  d e s i r e d  APD and r m s  
l e v e l  s t a t i s t i c s .  

The Robena r e s u l t s  i n d i c a t e d  t h a t  s imul taneous  s u r f a c e  
and underground measurements were n o t  a s  impor tan t  a s  
o b t a i n i n g  a d d i t i o n a l  underground n o i s e  d a t a  c o v e r i n g  
d i f f e r e n t  l o c a t i o n s  and o p e r a t i n g  c o n d i t i o n s .  There- 
f o r e ,  i t  was decided t h a t  t h e  s u r f a c e  wideband record-  
i n g  sys tem ( u s i n g  t h e  Honeywell r e c o r d e r )  would be 
modif ied t o  a l l o w  wideband r e c o r d i n g  from 1 0  kHz t o  
150 kHz on t h e  d i r e c t  channel  and 100 Hz t o  20 kHz on 
FM, a t  a  speed of 30 i p s ,  f o r  u s e  underground. S i n c e  
t h i s  sys tem would s t i l l  n o t  s a t i s f y  p e r m i s s i b i l i t y  
requ i rements ,  i t s  underground u s e  would have t o  be  
r e s t r i c t e d  t o  f r e s h - a i r  ways. 

D e t a i l e d  i n f o r m a t i o n  r e g a r d i n g  t h e  i n s t r u m e n t a t i o n  used 
a t  t h e  Robena mine and t h e  n o i s e  d a t a  o b t a i n e d  i s  a v a i l -  
a b l e  i n  an NBS r e p o r t  cover ing  t h e  Robena n o i s e  measurements. 
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B.  Meeting a t  NBS, Boulder ,  Colorado on 22 May 1973 

T h i s  meet ing was h e l d  t o  d i s c u s s  p r e l i m i n a r y  r e s u l t s  of t h e  a d d i t i o n a l  
n o i s e  measurements made i n  March and A p r i l  of 1973 a t  one Western mine 
(L inco ln )  and t h r e e  more E a s t e r n  mines ,  (McElroy, I tmann, and Grace) w i t h  
t h e  modi f i ed  i n s t r u m e n t a t i o n  sys tem p r e s c r i b e d  a s  a  r e s u l t  of  t h e  above 
meet ing a t  C o l l i n s  Radio. R e p r e s e n t a t i v e s  of NBS, ITS, C o l l i n s  Radio ,  
PMSRC, and ADL were p r e s e n t .  

D i s c u s s i o n s  covered some a d d i t i o n a l  reduced d a t a  from t h e  Robena mine,  
h o i s t  s h a f t  s i g n a l  and n o i s e  measurements made a t  t h e  Grace i r o n  mine, 
d e s c r i p t i o n s  of t h e  t y p e s  and l o c a t i o n s  of measurements made a t  each  of  
t h e  t h r e e  a d d i t i o n a l  E a s t e r n  mines ,  g e n e r a l  o b s e r v a t i o n s  r e g a r d i n g  t h e  
EM n o i s e  environments  a t  t h e s e  mines ,  and p l a n s  f o r  measurements a t  t h e  
Lucky F r i d a y  h a r d r o c k  mine i n  Idaho.  Reduced d a t a  such  a s  wideband 
s p e c t r a  were  n o t  y e t  a v a i l a b l e  f o r  examinat ion f o r  t h e  l a t e s t  mines 
v i s i t e d  because  of u n a n t i c i p a t e d  d e l a y s  caused by problems w i t h  t h e  d a t a  
p r o c e s s i n g  equipment.  The Grace mine h o i s t  s h a f t  d a t a  had been manually 
reduced ,  s o  i t  w a s  a v a i l a b l e  f o r  u s e  by C o l l i n s  Radio on i t s  h o i s t  s h a f t  
communication sys tem p r o j e c t .  No problems w i t h ,  o r  a d d i t i o n a l  changes 
t o ,  t h e  i n s t r u m e n t a t i o n  were r e p o r t e d  o r  recommended a t  t h i s  t i m e .  

The f o l l o w i n g  p r i o r i t i e s  were set f o r  r educ ing  t h e  remain ing  d a t a ;  1 )  
Robena, 2 )  McElroy, 3)  Itmann, and 4 )  Grace. I n  a d d i t i o n ,  t h e  f o l l o w i n g  
c h a r t  was drawn up t o  i n d i c a t e  t h e  k ind  of p r o c e s s e d  n o i s e  d a t a  expec ted  
f o r  each of t h e s e  f o u r  mines.  

Robena Mine 

Loops 

Wideband Narrowband 
Power Corre- O.l%,RMS,Ave., 

S p e c t r a  l a t i o n  APD's and 99% L e v e l s  

In-Mine (Hi-Freq. ) Yes 4 Yes Yes 
) Yes 

Surf  a c e  (Lo-Freq. ) Yes Yes Yes 

Roof B o l t s  Yes NA No No 

Telephone L ines  

V o l t a g e  

C u r r e n t  

T r o l l e v  L ines  
- - -  

Vol tage  

C u r r e n t  

Yes No No 

Yes 
NA 

No No 

Y e s  No No 

No 
NA No No 

NA-Not A p p l i c a b l e  
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McElroy, I tman,  and Grace Mines 

Loops 

Power Corre- 
S p e c t r a  l a t i o n  -- 

In-Mine (Hi-Freq.) 

S u r f a c e  (Lo & Hi-Freq.) 

Roof B o l t s  
Only 

Yes N A 

Telephone L i n e s  No NA 

T r o l l e v  L ines  

Narrowband 
% RMS Ave. 

APD's 99% Leve l s  

Yes Yes 

Yes (Itmann Yes 
Only) 

No No 

Yes ( I tmann NA No No 
Only 

NA-Not A p p l i c a b l e  

C .  Meeting a t  PMSRC, Bruce ton ,  P a . ,  on 1 0  October  1973 

T h i s  meet ing was h e l d  a f t e r  n o i s e  measur:ements were made l a t e  i n  t h e  summer 
of 1973 a t  t h e l a s t  two schedu led  mines (Lucky F r i d a y  and Geneva) t o  examine 
and d i s s e m i n a t e  a d d i t i o n a l  reduced n o i s e  d a t a ,  review and summarize t h e  
o v e r a l l  n o i s e  measurement program t o  d a t e ,  and d e f i n e  what y e t  needs  t o  
b e  done. R e p r e s e n t a t i v e s  of NBS, C o l l i n s  Radio ,  Westinghouse Georesearch 
Labora to ry  (WGL) , PMSRC, and ADL were  p r e s e n t .  

C o n s i d e r a b l e  amounts of reduced d a t a  i n  t h e  form of n o i s e  s p e c t r a ,  APD's 
and o t h e r  p l o t s  f o r  t h e  Robena, McElroy, I tmann ,and  Grace miners  were 
p r e s e n t e d  by NBS and d i s c u s s e d  by t h e  a t t e n d e e s .  A l l  of t h i s  d a t a  i s  o r  
soon w i l l  b e  documented i n  NBS r e p o r t s .  A l a r g e  c h a r t  was drawn up t o  
summarize t h e  EX n o i s e  measurements wade i n  mines t o  d a t e  -- a s  an a i d  t o  
p o t e n t i a l  u s e r s  i n  i d e n t i f y i n g  d a t a  of i n t e r e s t  t o  them, and a s  an a i d  
t o  t h e  p r o c e s s  of a s s i m i l a t i n g  and c o r r e l a t i n g  t h i s  d a t a  f o r  c h a r a c t e r i z -  
i n g  r e p r e s e n t a t i v e  n o i s e  env i r ionments .  T h i s  c h a r t  i s  i n c l u d e d  a s  T a b l e  Al .  

S e v e r a l  c o n c l u s i o n s  were a l s o  reached r e g a r d i n g  what needs  t o  b e  done. 
Namely: 

e A d d i t i o n a l  EM n o i s e  measurements i n  mines a r e  n o t  
r e q u i r e d  a t  t h i s  t i m e .  One p o s s i b l e  e x c e p t i o n  t o  
t h i s  might b e  an AC-type c o a l  mine,  b u t  even t h i s  
i s  n o t  c e r t a i n .  
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Highes t  p r i o r i t y  h a s  been a s s i g n e d  t o  complet ing t h e  
p r o c e s s i n g  of t h e  p r e s e n t  n o i s e  d a t a ,  w r i t i n g  r e p o r t s  
a s s o c i a t e d  w i t h  t h e s e  d a t a ,  and d i s s e m i n a t i n g  t h e s e  
r e p o r t s  and d a t a  t o  sys tem d e s i g n e r s .  

System d e s i g n e r s  and o t h e r  u s e r s  who need a c c e s s  t o  
o r  i n t e r p r e t a t i o n  of  t h e s e  d a t a ,  p a r t i c u l a r l y  b e f o r e  
they  have  been p u b l i s h e d ,  shoul-d c o n t a c t  NBS d i r e c t l y .  
I n  t h i s  m a t t e r ,  dubs of s e l e c t  NBS n o i s e  r e c o r d i n g s  
may a l s o  b e  o b t a i n a b l e  f o r  t e s t l ing  b readboards ,  pro- 
t o t y p e s ,  e t c .  However, s p e c i a l  ar rangements  w i l l  
p robab ly  have t o  be  made w i t h  NBS t o  g e n e r a t e  t h e s e  
t a p e  dubs. 

F i n a l l y ,  t h e  d a t a  must now b e  assembled,  a n a l y z e d ,  
i n t e r p r e t e d ,  and c o r r e l a t e d  i n  a comprehensive manner 
t o  de te rmine  and unders tand  t h e  i m p o r t a n t  r e l a t i o n -  
s h i p s ,  p a r a m e t e r s ,  s o u r c e s ,  e t c . ,  t h a t  b e s t  c h a r a c t e r -  
i z e  mine EM n o i s e  environments  under  d i f f e r e n t  opera t -  
i n g  c o n d i t i o n s .  T h i s  can ,  and s h o u l d ,  a l s o  b e  done 
on a  somewhat l e s s -comple te  and piece-meal b a s i s  t o  
s o l v e  c e r t a i n  s p e c i f i c ,  l o c a l i z e d  problems,  o r  ones  
t h a t  canno t  w a i t  f o r  t h e  more comprehensive approach.  

Arthur D Little, Inc. 




